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Preface 

The Third Annual Symposium on Health Sciences attracted over 400 scientists from 
15 countries. It was held at the National Academy of Sciences in Washington, D.C. 
The theme of this meeting was "Thymic Hormones and Lymphokines: Basic Chem
istry and Clinical Applications." 

The meeting emphasized the state of the art with regard to chemistry, mech
anism of action, and clinical applications of thymic hormones and lymphokines. 
In addition to the five sessions, the chairmen of each session were asked to prepare 
a synthesis and overview of each of the sessions. Some of the chairmen used this 
time to summarize the new material presented while others addressed important 
areas of conflict and terminology. The chairmen of the plenary sessions prepared 
short summary papers which have been incorporated into this volume at the end of 
each major section. We also invited several of the scientists who took part in the 
poster presentations to submit short papers. 

In addition to the scientific sessions, there were two awards and lectures. One, 
the Abraham White Distinguished Science Award, was given to Dr. Robert C. 
Gallo, who gave the keynote lecture. He was recognized for his pioneering research 
and scientific contributions to our understanding of the regulation of hematopoietic 
cell differentiation and the role of viruses in the development of human leukemias. 
The second award, a Distinguished Public Service Award, was given to Senator 
John Glenn from Ohio in recognition of his leadership and outstanding achievements 
in the United States Senate, and for his insightful support for basic science biomed
ical research and graduate education. 

Considerable progress was reported in the chemical and biological character
ization of thymic hormones and lymphokines. This included the sequencing and 
synthesis of several of the key thymic hormones, the role of the endocrine thymus 
in modulating neuroendocrine function, the purification of several lymphokines, 
and the characterization of monoclonal antibodies and lymphokine receptors. 

An important aspect of the symposium was the presentation of several clinical 
studies. These clinical reports suggest that thymic hormones and lymphokines may 
playa key role in the treatment of a number of diseases, including cancer, autoim
mune diseases, and infectious diseases. 

The symposium provided a forum for new ideas on the mechanism of action, 
pharmacology, and clinical applications of the immune system peptides that were 
both provocative and intellectually exciting. It is clear from the high quality of 
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most of the presentations that the field of thymic hormones and lymphokines has 
come of age and that studies using chemically defined molecules, rather than crude 
extracts, are now possible. 

The availability of synthetic thymic hormones, purified lymphokines, and 
antibodies to these peptides enables both researchers and clinicians to acquire de
finitive information on the immunology, pharmacology, and clinical applications 
of thymic hormones and lymphokines. Clinicians will be particularly interested in 
the reports of clinical responses and diagnostic applications of these biological 
response modifiers in diseases ranging from the acquired immune deficiency syn
drome (AIDS) to rheumatoid arthritis. This volume will also be of keen interest to 
biochemists, pharmacologists, immunologists, and other basic scientists interested 
in acquiring information on the state of the art of purification procedures for, and 
the chemical characterization (including sequencing), pharmacokinetics, immuno
pharmacology, and immunobiology of thymic hormones and lymphokines. 

Allan L. Goldstein 
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Opening Remarks 

Human T-Cell Growth Factor, 
Growth of Human Neoplastic 
T Cells, and Human T-Cell 
Leukemia-Lymphoma Virus 

ROBERT C. GALLO, SURESH K. ARVA, 
STEPHAN G. LINDNER, FLOSSIE WONG-STAAL, 
and MANGALASSERIL G. SARNGADHARAN 

1. INTRODUCTION 

Identification of conditions permitting growth of different human hematopoietic cell 
strains was a goal for a long time in many laboratories including ours. To this end 
we screened a large number of sources including conditioned media from freshly 
initiated cultures of a variety of tissue and cell types for factors that would support 
growth of specific hematopoietic cell types in suspension culture. These attempts 
led to the initial description of an activity in the media from short-term cultures of 
human peripheral blood lymphocytes treated with phytohemagglutinin (PHA) that 
allowed the specific growth of T lymphocytes from human peripheral blood or bone 
marrow (Morgan et al., 1976; Ruscetti et al., 1977). Extensive characterization of 
the resultant cell population revealed that these were functional T lymphocytes 
(Ruscetti et al., 1977), and the term "T-cell growth factor" (TCGF) was assigned 
to the activity. Preliminary analyses quickly revealed that the T-cell response is a 
two-step process: an initial activation of the lymphocytes by lectin (or an antigen) 

ROBERT C. GALLO, SURESH K. ARYA, STEPHAN G. LINDNER, FLOSSIE WONG-STAAL, 
and MANGALASSERIL G. SARNGADHARAN • Laboratory of Tumor Cell Biology, Division of 
Cancer Treatment, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205. 
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which makes the cells synthesize receptors for TCGP and subsequently bind TCGP 
resulting in the mitogenic activity. The effect was highly specific and the only cells 
that grew out of the mixed population of cells that we started with were cells with 
morphological and functional characteristics of mature T cells and only after pre
liminary activation with PHA. 

The findings in the human system were soon adapted to the murine system 
(Gillis and Smith, 1977; Rosenberg et al., 1978) and this resulted in some key 
advances in our understanding of the early cell biology of TCGP production and 
response. Soon it became apparent that a small number of macrophage-monocytes 
are essential for TCGP production. These cells release another factor called lym
phocyte-activating factor (LAP) Cir interleukin-l, which in some fashion interacts 
with the lymphocytes and leads to the production of TCGP (Larsson et al., 1980). 

The conditioned media used as sources for TCGP were very rich sources of 
a variety of other lymphokines (Oppenheim et al., 1979). A number of reports 
appeared in the literature describing many biological effects of such conditioned 
media and ascribed them to TCGP. However, subsequent studies using partially 
purified, lectin-free fractions of TCGP showed that TCGP does not have such 
activities as B-cell growth factor (Swain et al., 1981; Paul et al., 1981) and T-cell 
replacing factor (Takatsu et al., 1980). Also, many of the initial observations were 
made with media still containing the lectin used to induce the lymphocytes to produce 
TCGP in the first place. 

Availability of partially purified, lectin-free preparations of TCGP (Mier and 
Gallo, 1980; Lotze and Rosenberg, 1981) presented an enormous opportunity to 
maintain and study lines of proliferating T-cell blasts that retained specific functional 
characteristics. The value of such systems for studies of T-cell biology and im
munology was immediately appreciated. The system was used most effectively to 
generate and maintain antigen-specific human and other animal cytotoxic T lym
phocytes. Cultured T cells mediating alloantigen-directed cytotoxicity retained this 
property remarkably constantly after several months in culture (Gillis and Smith, 
1977; Kasakura, 1977; Strausser and Rosenberg, 1978; Kumick et al., 1979). T
cell lines with other reactivities have also been developed. Schrier and Tees (1980) 
demonstrated that erythrocyte antigen-specific helper murine T cells could be grown 
in long-term culture. Such cloned helper T cells could selectively reconstitute nude 
mice to produce antibodies against the antigen that the cells were activated with in 
vitro (Tees and Schrier, 1980). 

The availability of a system for the long-term growth of pure populations of 
human T cells also made it possible to grow large quantities of such cells for 
biochemical studies. Most importantly, it became possible to grow neoplastic T 
cells and to characterize them for various biological properties and particularly to 
use these systems to study the involvement of retroviruses in human malignancies. 

2. PURIFICATION OF TCGF 

Human TCGP is present usually in small amounts in the culture conditioned 
media of lectin-stimulated lymphocyte cultures. Higher levels are expressed in 
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certain continuous cell lines, e.g., a leukemic cell line, JURKAT (Gillis and Watson, 
1980), when induced with PHA and phorbol myristate acetate (PMA). Certain other 
cell lines, e.g., a gibbon leukemia cell line, MLA 144 (Rabin et ai., 1981), and a 
human lymphoma cell line, HUT 102 (Gootenberg et ai., 1981), constitutively 
produce TCGF, but both these lines also produce retroviruses (Kawakami et ai., 
1972; Poiesz et ai., 1980a). We describe here the purification of TCGF from the 
conditioned media of PHA-treated human normal peripheral blood lymphocytes 
(PBL). Because of the enormous volumes of conditioned media that need to be 
processed to obtain significant amounts of pure TCGF, the initial step is a major 
concentration procedure. This is routinely achieved by diafiltration using a Pellicon 
Cassette system (Millipore) employing the polysulfone membrane filter PTGC with 
a 1O,OOO-dalton cutoff limit. A concentration of 40 liters of medium to 1.5-2 liters 
can be achieved in less than 3 hr. 

2.1 Anion-Exchange Chromatography on DEAE-Sepharose 

This step is extremely useful when the conditioned media also contain serum 
proteins, because it effectively fractionates TCGF from serum proteins. When TCGF 
is produced under serum-free and albumin-free conditions, this anion-exchange step 
is not very critical. Twentyfold concentrated conditioned medium (100 rnI) from 
PHA-stimulated human PBL is dialyzed extensively against 10 mM Tris-HCI (pH 
7.8) containing 0.1 mM phenylmethylsulfonyl fluoride (PMSF) and 0.1 % polyeth
ylene glycol (PEG), applied to a lOO-ml column of DEAE-Sepharose (Pharmacia) 
equilibrated with the above buffer and washed with two to three bed volumes of 
the buffer to remove unadsorbed proteins. The column is then developed with a 
500-ml 04>.15 M NaCI gradient in the equilibration buffer. Fractions of 5 ml are 
collected, and their absorbance measured at 280 nm. After sterile filtration through 
0.22-J..Lm filters, aliquots are removed for assay of TCGF activity in a pH]thymidine 
incorporation assay (Sarngadharan et ai., 1984) using a TCGF-dependent mouse 
cytotoxic T-cell line (Gillis et ai., 1978). A typical chromatographic profile obtained 
is shown in Fig. 1. Most of the TCGF activity elutes at about 0.05 M NaC!, 
although low levels of TCGF activity can be seen occasionally at a slightly higher 
salt concentration. Most of the protein remains bound to the column and only begins 
to elute when the column is washed with 0.15 M NaCI at the end of the gradient. 

The ion-exchange chromatography described above can be scaled up. Con
centrates of up to 40 liters conditioned media have been successfully fractionated 
on a single column of DEAE-Sepharose. In addition to separating all the albumin 
from TCGF, this procedure also removes all the PHA present in the conditioned 
medium. This is an extremely important practical point. In most biological exper
iments, the absolute purity of TCGF is not critical, but the continued presence of 
PHA will complicate the analysis of the direct effects of TCGF such as selective 
growth of antigen-primed T cells. For purification of TCGF induced from normal 
PBL cultures in media containing no serum or protein additives (Cellular Products, 
Inc.), the above step of anion-exchange chromatography can be eliminated. Con
centrated media are then processed directly through the next step. 



4 

2.4 

2.0 

Z 1.6 

0 co 
N 

0 1.2 
0 

0.8 

0.4 

0 

12 

! 10 
c:;-
o ... .. 
E 8 
Q. 

.2-
"C 
! 
f! 
0 6 e-o 
u 
.E 
II: 4 "C 
I-

~ 
~ 

2 

ROBERT C. GAllO et a/. 

11 19 27 35 43 51 59 67 75 83 91 99 107 

Fraction No. 

0.3 

0.25 

0.2 & 
:::E 

0.15 <;i 
~ 

0.1 

0.05 

FIGURE 1. DEAE-Sepharose chromatography of TCGF in PHA-stimulated human PBl-con
ditioned media. Concentrated conditioned media were dialyzed against Tris-HCI (pH 7.9) con
taining 0.1 % PEG and 0.1 mM PMSF and applied to a 100-ml column of DEAE-Sepharose 
equilibrated with the same buffer. After extensive washing to remove unadsorbed proteins, the 
column was developed with a 0-0.15 M NaCI gradient in the buffer. At the end of the gradient 
(arrow), the column was further washed with 0.15 M NaCI. Fractions of 5 ml were collected and 
assayed for TCGF activity (X), absorbance at 280 nm (e), and NaCI concentration (by con
ductance) (0). 

2.2. Adsorption and Elution of TCGF from Controlled-Pore Glass 

Media (40 liters) from TCGP induced from normal PBL cultures were con
centrated to 1.4 liters using the Pellicon Cassette filtration. To the concentrate taken 
in a roller bottle, 120 g of Controlled-Pore glass (CPG-lO, 75 A pure, 80-100 
mesh, ElectroNucleonics, Inc.) was added and the contents mixed overnight in the 
cold using a roller apparatus. The medium was removed by centrifugation and the 
glass beads were packed into a column and washed successively with PBS (500 
ml) and 10 mM Tris-HCI, pH 7.8 (700 ml). TCGP was eluted with Tris-HCI (pH 
8.2) containing 0.1% PEG and 0.1 mM PMSF and 1 M tetramethylammonium 
chloride (TMAC). Generally, the first two bed volumes of the eluate contain most 
of the TCGP activity. As fractions containing TMAC cannot be directly assayed 
for TCGP activity because of cytotoxicity, we collect up to four bed volumes of 
the eluate. The fractions are pooled to correspond to the initial two bed volumes 
and the next successive bed volumes. They are separately dialyzed against 10 to 
20 volumes of 10 mM Tris-HCI buffer (pH 7.8) containing 0.1 % PEG and 0.1 mM 
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PMSF, the buffer being changed at least three times. Dialyzed pools are assayed 
for TCGF activity and the active pools are combined and used in the next step. 

2.3. High-Performance Liquid Chromatography (HPLC)-I 

Active fractions from the CPG step were acidified to pH 2 with 0.1 % trifluo
roacetic acid (TFA) and filtered through a 0.22-/.Lm filter. The sample was pumped 
through a column of CIs-silica (2.5 X 30 cm) (Waters Associates) at a flow rate 
of 5 mllmin. The column was successively washed at the same flow rate with 10, 
45,50, and 65% aqueous acetonitrile containing 0.1 % TFA, each elution step being 
continued until the absorbance at 214 nm reached a steady low background. The 
eluted fractions are assayed for TCGF activity in a [3H]thymidine incorporation 
assay with a starting dilution of 1 : 80 and subsequent serial dilutions in the assay 
medium. TCGF is eluted in the 50-65% acetonitrile fraction. 

2.4. HPLC-II 

The 50--65% acetonitrile fraction from HPLC-I is diluted with an equal volume 
of 0.1 % aqueous TFA containing 0.2% PEG and loaded onto a 0.38 x 30-cm 
column of /.LBondapak CIS (Waters Associates) at a flow rate of 1 ml/min. The 
column is washed successively at 32.5 and 45% aqueous acetonitrile containing 
0.1 % TFA. After achieving a stable baseline, a linear 2-br gradient between 45 
and 65% acetonitrile is initiated. The elution of proteins is monitored by 2l4-nm 
absorbance and fractions are collected manually. Active fractions are pooled and 
if necessary rechromatographed as above, but using a 1-br 0--60% linear gradient 
of acetonitrile for elution. Figure 2 (bottom panel) shows the profile of a repre
sentative experiment. The TCGF activity was recovered in the fraction shown by 
the shaded area. For comparison, a sample of immunoaffinity-purified TCGF from 
JURKAT medium (Smith, 1983) was chromatographed on the same column and 
its elution profile is shown in the upper panel of Fig. 2. The small difference in 
the elution characteristics of the two TCGFs probably implies a slight difference 
in the hydrophobicities of the two proteins, possibly because of differences in 
posttranslational modification. 

The amino-terminal 15 amino acids of the PBL TCGF were determined and 
compared with the sequence of the JURKAT TCGF. They were identical, including 
the residue at position 3 where the threonine was modified by glycosylation (Table 
I). Additional sequencing of the TCGF molecule was performed using peptides 
generated from S-carboxamide methylated JURKAT TCGF by treatment with Lys
C endopeptidase (Boehringer) (Copeland et at., Chapter 17, this volume). Knowl
edge of the amino acid sequence of TCGP was extremely useful in the successful 
cloning of the human gene for TCGF from lectin-stimulated normal human PBL 
as described below. 

The fraction from HPLC-II was found to contain homogeneous TCGF. Amino 
acid sequence determined by the micro sequence procedure using Edman degra
dation provided a single amino acid residue in the first cycle. 
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FIGURE 2. Reverse-phase high-performance liquid chromatography of TCGF. The samples 
were injected into a .... Bondapak CIS column (Waters Associates) and developed with a SO-min, 
0-60% aqueous acetonitrile gradient containing 0.05% TFA for 60 min at a flow rate of 1 mllmin. 
Absorbance of the effluent was monitored at 206 nm and fractions were collected manually to 
correspond to the absorbance peaks. TCGF activity in the fractions was measured at serial 
dilutions starting with an initial dilution of 1 : 80 in the assay medium using [3HJthymidine in
corporation by a TCGF-dependent cytotoxic mouse T-cell line as the assay. The sample run in 
the upper panel is immunoaffinity-purified JURKAT TCGF (Smith, 1983) and that in the bottom 
panel is TCGF fractionated from lectin-stimulated normal human PBl as described in the text. 

TABLE I. Amino-Terminal Amino Acid Sequence of T-Cell Growth 
Factor from Normal Human Peripheral Blood Lymphocytes and 

from JURKAT Cellsa 

Nonna! PBL 
JURKAT 

Ala-Pro-TJub-Ser-Ser-Ser-Thr-Lys-Lys-Thr-Gln-Leu-Gln-Leu-Glu 
Ala-Pro-TJub-Ser-Ser-Ser-Thr-Lys-Lys-Thr-Gln-Leu-Gln-Leu-Glu 

• Sequence delennined by Copeland el al. (Chapter 17, this volume). 
, Threonine is modified by gIycosylation (see Robb and Un, Chapter 22, this volume). 



OPENING REMARKS 7 

3. MOLECULAR CLONING OF THE HUMAN GENE FOR TCGF 

We prepared a pool of tetradecameric oligonucleotides complementary to the 
first 14 nucleotides of the codon corresponding to a pentapeptide Lys-Phe-Tyr-Met
Pro selected from the amino acid sequence of TCGP. These nucleotides were used 
as probes to screen a cDNA library prepared from PHA-stimulated normal human 
PBL mRNA. Several cDNA clones were obtained that hybridized to these probes. 
When inserted into eukaryotic expression vectors, these clones directed the synthesis 
of biologically active TCGF. The nucleotide sequence of these clones was deter
mined and was consistent with the amino acid sequence information on TCGP 
(Clark et al., 1984). The nucleotide sequence of the cDNA clone from human 
normal lymphocytes was essentially identical with that from JURKAT TCGP pub
lished by Taniguchi et al. (1983). 

4. STRUCTURAL ORGANIZATION OF THE TCGF GENE 

The structural organization of the TCGP gene in normal PBL was examined 
by the hybridization of cellular DNA to radiolabeled cloned TCGP cDNA using 
the standard Southern blot procedure. Data obtained with a number of restriction 
endonucleases are shown in Fig. 3. Enzymes, Bam HI, Kpn I, Pst I, and Pvu II 
do not cleave with TCGF cDNA, but each of them generates one specific DNA 
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FIGURE 3. Nick-translated cloned TCGF cDNA insert was hybridized using the Southern pro
cedure with high-molecular-weight DNA from normal lymphocytes digested with BgIIi (lane 1), 
Eco RI (lane 2), Xba I (lane 3), Hinf I (lane 4), Bgi II plus Eco RI (lane 5). Bglli plus Xba I (lane 
6). Bgi II plus Hinf I (lane 7). Eco RI plus Xba I (lane 8). Eco RI plus Hinf I (lane 9). Xba I plus 
Hinf I (lane 10). Bam HI (lane 11). and Kpn I (lane 12). 
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FIGURE 4. Hybridization of nick-translated cloned TCGF cDNA insert with DNAs from normal 
lymphocytes, JURKAT cells, lymphocytes from a patient with acute lymphocytic leukemia (ALL), 
HUT 102 cells, HUT 78 cells, and MT-2 cells, digested with Bgi II (lanes 1-6, respectively), 
digested with Eco RI (lanes 7-12, respectively), and digested with Xba I (lanes 13-18, re
spectively). 

fragment larger than 10 Kb. Eco RI, which also does not cleave within the TCOF 
cDNA, generated two comigrating TCOF-specific DNA fragments (3.8-4.0 Kb), 
one of which can be distinguished because it has an internal Bgi II site. Xba I, 
which cleaves the cDNA clone once, gives at least three TCOF-specific fragments 
(6.8,3 .8, and 1.04 Kb), and Hinfl, which cleaves the TCOF cDNA twice, generates 
two major fragments (about 0.72 and 0.51 Kb) neither of which comigrates with 
the internal Hinf I fragment of the cDNA clones. Analysis of the Hinf I digest 
indicates that the genomic and the cDNA TCOF sequences are not colinear and 
that the TCOF gene must have at least one intron. The patterns of TCOF-specific 
fragments from the Xba I and Eco RI digests are also consistent with the presence 
of introns and exons. The exact number and arrangement of introns and exons have 
not been determined but the data presented strongly suggest there is a single TCOF 
gene. 

The organization of the TCOF sequences in cellular DNAs from several dif
ferent sources was compared by cleaving the DNAs with Bgl II, Eco RI, and Xba 
I (Fig. 4). The six DNAs shown in Fig. 4 and 12 other DNAs including those from 
normal, uninfected and HTLV-infected leukemic cells (not shown) gave identical 
restriction patterns, indicating the absence of detectable polymorphism or rear
rangement of the TCOF sequences in the limited number of cells examined. 

5. EXPRESSION OF THE HUMAN TCGF GENE 

TCOF is synthesized by normal human T cells upon stimulation with lectins 
or antigens, while a T-cell line (JURKAT) derived from a human leukemia patient 
produces TCOF after stimulation with lectin plus PMA. There are, however, some 
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FIGURE 5. Hybridization of nick-translated cloned TCGF cDNA to RNA from PHA-stimulated 
lymphocytes (lane 1), unstimulated lymphocytes (lane 2), PHA plus PMA-stimulated JURKAT 
cells (lane 3), unstimulated JURKAT cells (lane 4), 6G1 cells (lane 5), MLA 144 cells (lane 6), 
Molt-4 cells (lane 7), HL-60 cells (lane 8), JURKAT cells, unstimulated and stimulated with PMA, 
PHA, and PHA plus PMA (lanes 9-12, respectively), Daudi cells (lane 13), Raji cells (lane 14), 
3A cells (lane 15), and SD cells (lane 16). TCGF-specific RNA appears as a 900-nucleotide 
band (1100 nucleotides for MLA 144 cells). The 2300-nucleotide band resulted from hybridization 
of a trace-contaminating sequence in the probe to an abundant mRNA species (data not shown), 
which is constitutively expressed in all cell types examined. Hybridization to this mRNA provided 
an internal control for the experiment. 

neoplastic T cells, such as a gibbon cell line, MLA 144 (Rabin et al., 1981), and 
a human cell line, HUT 102 (Gootenberg et al., 1981), that produce TCGF con
stitutively. To understand how TCGF synthesis is regulated in these cell lines, 
cloned PBL TCGF cDNA was hybridized to mRNA using the Northern technique. 
Cellular mRNA was fractionated by electrophoresis, through denaturing agarose 
gels, transferred to Gene Screen (New England Nuclear), and hybridized with 32p_ 

labeled cloned cDNA. A TCGF-specific mRNA of approximately 900 nucleotides 
(11 S) was readily detected in the RNA isolated from PHA-stimulated PBL and 
JURKAT cells stimulated with both PHA and PMA (Fig. 5). TCGF-specific mRNA 
was also seen in MLA-l44, but its size was slightly larger (-1100 nucleotides 
long). In all positive cases, only one species of TCGF mRNA was found even 
under relaxed hybridization conditions. There is a complete correlation between the 
mRNA expression in the cells and the secretion of TCGF into the culture medium. 
A specific TCGF mRNA could not be found in unstimulated PBL, unstimulated 
JURKAT cells, another gibbon T-cell line 6Gl or human cells Molt-4, CCRF-CEM 
(immature T cells), HL-60 (myeloid cells), Daudi (B cells), Raji (B cells), as well 
as the trophoblast lines 3A and SD (Fig. 5). In the case of JURKAT cells, PHA 
stimulation alone causes production of low levels of TCGF mRNA, and low but 
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detectable levels of TCGF. Both these levels increase upon the combined stimulation 
with PHA and PMA. PMA alone, however, does not induce TCGF or TCGF mRNA 
synthesis. Therefore, the regulation of TCGF gene expression is at the mRNA level. 

6. GROWTH OF MATURE HUMAN T CELLS AND ISOLATION OF 
HUMAN T-CELL LEUKEMIA-LYMPHOMA VIRUS (HTLV) 

Purified TCGF supports growth of T cells from normal people only after 
activation with a lectin or antigen, whereas T cells from patients with adult T-cell 
leukemia (ATL) are directly responsive to TCGF. Several of these became estab
lished cell lines and grew independent of the requirement for exogenous TCGF, 
and released a retrovirus that we named "human T-cell leukemia virus" (HTL V) 
(Poiesz et al., 1980a, 1981; Popovic et al., 1983; Sarin et al., 1983). Morpholog
ically, HTL V is a typical type-C virus and contains all the functional components 
of a retrovirus, namely, a high-molecular-weight RNA genome, reverse transcrip
tase, and core gag proteins homologous to other retroviral proteins (Poiesz et al., 
1980a; Reitz et al., 1981; Rho et al., 1981; Kalyanaraman et al., 1981, 1984; 
Oroszlan et al., 1982; Copeland et al., 1983). By nucleic acid hybridization studies 
(Reitz et al., 1981; Gallo et al., 1982), and by immunological analysis of proteins 
(Kalyanaraman et al., 1981, 1984; Robert-Guroff et al., 1981), HTLV has been 
identified as a unique exogenously acquired human retrovirus and with the exception 
of a distant evolutionary relationship in the amino acid sequence of the gag proteins 
with bovine leukemia virus (Oroszlan et al., 1982), it was substantially unrelated 
to all known animal retroviruses. Since the initial isolation of HTL V, several 
additional isolates have been made (Popovic et al., 1983; Yoshida et al., 1982; 
Haynes et al., 1983; Sarin et al., 1983), many of them in our own laboratory. In 
immunological cross-reactivities of their structural proteins (Popovic et al., 1982, 
1983; Sarin et al., 1983) and in nucleic acid homology (Reitz et al., 1983), all 
these isolates appeared extremely related to the original isolate. There is one isolate, 
however, derived from T-cell cultures of a patient with a T-cell variant of hairy 
cell leukemia (Saxon et al., 1978), that exhibited substantial differences in im
munological properties (Kalyanaraman et al., 1982c) and in nucleic acid homology 
(Reitz et al., 1983) from the rest of the isolates. The majority of the isolates that 
are totally cross-reactive with the initial isolate are classified as HTL V-I and the 
isolate from hairy cell leukemia is classified as HTLV-II (Kalyanaraman et al., 
1982). The provirus for HTL V -I and that for HTL V -II have been molecularly cloned 
(Seiki et al., 1982; Manzari et al., 1983a; Gelmann et al., 1984), and the differences 
between the two SUbtypes of HTL V have been confirmed also in hybridization 
experiments employing the cloned DNA probes (Gelmann et al., 1984). 

ATL, characterized by HTL V infection, shows a pattern of geographic clus
tering in certain parts of the world, notably southern Japan, Caribbean islands, and 
regions of South America and Africa (Uchiyama et al., 1977; Catovsky et al., 
1982; Blayney et al., 1983a). Multiple cases have been identified also in the 
southeastern United States (Gallo et al., 1983; Blayney et al., 1983a). HTLV-I 
disease is usually a fulminant acute leukemia often associated with lytic bone lesions, 
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TABLE II. Comparison of Properties of HTLV-Positive Human Neoplastic T Cells with 
Normal Uninfected and HTLV-Infected Human Cord Blood T Cells 

HTL V -positive 
primary neoplastic 

Property T cell 

In vitro growth Temporary or 
immortal 

Requirement for exogenous Minimal 
TCGF or none 

TCGF receptor (T Aqa +++ 
Transferrin receptor" +++ 
S_Ig,b EBNA,c Td]v 
Cell phenotype 

Inducer/helper (OKT4, Most or all 
Leu3) 

Suppressor/cytotoxic Few or none 
(OKT8, Leu2)a 

Cell morphology 
Presence of multinucleated + 

giant cells 
Presence of lobulated + 

nuclei 
HLA "modification" 

Expression of additional + 
HLA antigens 

Expression of HLA-Dr" + 
Expression of HT-3 +++ 

sequences' 
HTLV pl9, p24, and RT + 

expression 
Type-C virus particles (EM) + 

• Determined by cell sorter using monoclonal antibodies. 
• S-IgG. cell surface immunoglobulins. 
, EBNA, Epstein-Barr nuclear antigens. 
d TdT. terminal deoxynucleotidyl transferase. 

HTL V -transformed 
T cell 

Immortal 

None 

+++ 
+++ 

Most or all 

Few or none 

+ 

+ 

+ 

+ 
+++ 

+ 

+ 

'By molecular hybridization using cloned HT-3 DNA (Manzarl el al .. 1983b). 

Mitogen-stimulated 
normal T cell 

Temporary 

Yes 

+ 
+ 

Most or all 

Few or none 

+ 

hypercalcemia, and a predisposition for leukemic involvement of the skin. Many 
patients may have visceral organ enlargement and lymphadenopathy (Gallo et al., 
1983; Blayney et al., 1983b). The most striking finding is that they all have 
antibodies to HTLV proteins (Kalyanaraman et al., 1982a,b; Robert-Guroff et al., 
1982; Gallo et al., 1983). Seroepidemiological surveys have indicated widespread 
occurrence of serum antibodies to HTLV (4-16%) in the normal populations in 
areas where HTLV disease is endemic (Robert-Guroff et al., 1983; Gallo et al., 
1983). 

The mode of natural transmission of HTL V among populations appears to 
require prolonged and intimate contact with HTLV-positive patients. Naturally, the 
largest single group of seropositive individuals have been close family contacts of 
virus-positive leukemia patients. It is not uncommon to find multiple antibody
positive households in which a member is a virus-positive leukemia patient. 

Biological transmission can also be demonstrated in vitro. HTLV isolated from 
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several T-cell lines established in culture from T-cell leukemic patients from many 
parts of the world is able to infect fresh umbilical cord blood T cells and, in most 
instances, the resulting lymphocyte cultures replicate in vitro without added TCGF 
(Popovic et al., 1983; Markham et al., 1983). Target cells for infection are also 
found among human bone marrow leukocytes (Markham et al., unpublished results). 
This infection and transformation are accomplished by cocultivation of lethally 
irradiated or mitomycin C-treated HTL V -producing T cells from cell cultures ini
tiated from leukemic patients. The immortalized cord blood T lymphocytes exhibit 
in general the same properties as the fresh or cultured leukemic T cells. For instance, 
the transformed cultures have the same type of multinucleated cells and similar 
frequency of cells with convoluted nuclei as the primary HTL V -positive leukemic 
cells. The virally transformed T lymphocytes also resemble primary virus-producing 
leukemic T-cell cultures in several other functional and surface characteristics (Table 
II) (Popovic et al., 1983; Markham et al., 1983). HTLV can also infect adult 
peripheral blood T lymphocytes at a lower incidence (Markham et al., unpublished 
observation). Once established, they share most of the properties described for 
HTLV-transformed cord blood T cells. 

7. HTLV INFECTION AND THE EXPRESSION OF TCGF 
RECEPTOR 

Resting normal T cells do not express receptors for TCGF and those cells do 
not respond to TCGF. So it was a novel finding that T cells from certain patients 
with leukemias and lymphomas involving mature T cells could be grown in direct 
response to exogenously added TCGF (Poiesz et al., 1980b). This immediately 
provided a means to selectively grow human neoplastic T cells and to establish 
permanent T-cell lines from these patients (Poiesz et al., 1980b). Many such cells 
began expressing HTL V as indicated in an earlier section. Unlike normal human 
PBL, these cell lines had the capacity to absorb TCGF activity when incubated 
with solutions containing TCGF (Gootenberg et al., 1981), indicating that they 
possess surface receptors for TCGF. This was confirmed subsequently by direct 
binding studies using metabolically labeled TCGF. The latter studies also dem
onstrated TCGF receptors on lectin- or alloantigen-stimulated normal T lymphocytes 
(Robb et al., 1981). 

The status of the TCGF receptor on human neoplastic cells has been studied 
extensively using a monoclonal antibody to an activated T-Iymphoid cell surface 
antigen (TAC) believed to be the TCGF receptor (Uchiyama et al., 1981; Leonard 
et al., 1982). Although immature leukemic T lymphoblasts are normally negative 
for TCGF receptor, some of them (e.g., JURKAT and HSB-2) express surface 
determinants recognized by anti-T AC upon induction with PMA and PHA (Greene 
et al., 1983). These determinants on HSB-2 and JURKAT could be immunopre
cipitated using anti-T AC following induction. It is known that both JURKA T (Gillis 
and Watson, 1980) and HSB-2 (Stadler and Oppenheim, 1982) can be induced with 
PHA and PMA to produce high levels of TCGF. Also, it has been shown that PMA 
alone neither induced TCGF secretion nor expression of TCGF mRNA in JURKAT 
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cells (see earlier). In contrast, induction with PMA alone resulted in well-preserved 
expression of TCGF receptor (Greene et al., 1983). Therefore, the genes encoding 
the proteins TCGF and TCGF receptor are not coordinately expressed. 

The clinical entity ATL (Uchiyama et al., 1977; Catovsky et al., 1982; Blayney 
et al., 1983b; Bunn et al., 1983) and the Sezary syndrome (Broder et al., 1976; 
Lutzner et al., 1975; Broder and Bunn, 1980) represent 1ymphopro1iferative dis
orders involving mature T cells. Of these, ATL has an etiological association with 
the type-C virus, HTLV (Poiesz et al., 1980a; Yoshida et al., 1982). Comparisons 
of the surface phenotypes of A TL and Sezary cells using the monoclonal antibodies 
to T AC revealed that A TL cells were uniformly positive for TCGF receptors whereas 
Sezary cells were mostly negative (Waldmann et al., 1983). Studies of pH]-anti
T AC binding have revealed that ATL cells express at least 5-10 times more T AC 
molecules per cell than PHA-stimulated normal human PBL (J. M. Depper et al., 
unpublished data). TAC antigen is also expressed in human cord blood cell lines 
transformed by HTLV. Thus, anti-TAC binding may provide a valuable tool in the 
diagnosis of HTL V -associated T-cell malignancies. 

Many HTLV-producing primary neoplastic T-cell lines secrete TCGF (Goo
tenberg et al., 1981). The combined expression of TCGF and TCGF receptor could 
provide a mechanism for the malignant growth of these cells. However, some of 
the HTL V -transformed cord blood T cells do not produce detectable TCGF and 
they grow independent of exogenous TCGF. These cells also do not express TCGF 
mRNA (S. Arya et al., unpublished results). Therefore, alternative mechanisms of 
malignant cell growth should be operating at least in these in vitro systems. These 
transformed cord blood T-cell cultures produce a large number of lymphokines (P. 
Markham et al., unpublished) and study of some of these may yet provide infor
mation on alternative mechanisms for T-cell growth. 
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Thymosins 
Isolation, Structural Studies, and 
Biological Activities 

TERESA L. K. LOW and ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

1 

The studies in the early 1960s by Miller (Miller. 1961), and Good (Good et ai., 
1962) have established that the thymus is necessary for the normal development of 
the immune response. For the past 20 years, a large research effort has been directed 
toward the isolation and identification of the thymic factors or hormones responsible 
for the physiological functions of the thymus gland (Low and Goldstein, 1978). 
Our previous studies demonstrated that a partially purified bovine thymic preparation 
termed thymosin fraction 5 could partially or fully reconstitute immune functions 
in immunodeficient diseases, autoimmune diseases, and cancer. 

As shown in Fig. 1, the endocrine thymus produces thymosin and other thymic 
factors to maintain normal immune balance. The lack of adequate production and 
utilization of these thymic factors due to genetic, chemical, viral, or radiation 
damage causes an immune imbalance and may contribute to the etiology of many 
diseases. 

Our ongoing studies have provided evidence that thymosin fraction 5 consists 
of a family of biologically active polypeptide components with hormonelike activ
ities. Several of the components in fraction 5 have been purified to homogeneity 
and amino acid sequences determined, such as' ~lo ~lo and ~4; others have been 
partially purified. It appears that these peptides act at different sites and on different 
subsets of T cells and contribute to the normal maintenance of immune function 
and balance. 

In this chapter, we will summarize the results of our ongoing studies on the 
isolation, chemical and biological characterization of thymosin polypeptides. The 
clinical studies with thymosins are presented elsewhere in this volume. 

TERESA L. K. LOW and ALLAN L. GOLDSTEIN. Department of Biochemistry, The George 
Washington University School of Medicine and Health Sciences, Washington, D.C. 20037. 
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FIGURE 1. Role of the endocrine thymus in immune regulation. 

2. ISOLATION AND STRUCTURAL STUDIES OF THYMOSINS 

2.1. Preparation of Thymosin Fractions 5 and 5A 

Thymosin fraction 5 and fraction 5A are prepared from calf thymus as described 
previously (Low et al., 1979). The preparations are obtained by homogenization 
of thymus tissue, followed by 80°C heat denaturation, acetone precipitation, and 
fractionation with ammonium sulfate . The 25-50% ammonium sulfate precipitate 
is further subjected to ultrafiltration in an Amicon DC-2 hollow-fiber system to 
yield fraction 5. The 50-95% ammonium sulfate cut is also collected and processed 
through DC-2 to yield fraction 5A. 

2.2. Nomenclature of Thymosin Polypeptides 

On an isoelectric focusing gel, fraction 5 is shown to consist of 30 or more 
individual polypeptide components. We have proposed a nomenclature system for 
thymosin peptides based on this isoelectric focusing pattern. As shown in Fig. 2, 
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FIGURE 2. Isoelectric focusing of thymosin fraction 5 in LKB PAG plate (pH 3.5-9.5) . Purified 
thymosin peptides from the ex, 13, and 'Y regions are identified. The isoelectric points of several 
other well-characterized thymic factors are illustrated for comparison. 

the separated protein bands are divided into three regions. The a region consists 
of polypeptides with isoelectric points below 5.0; the 13 region, 5.0-7 .0; and the 
'Y region, above 7.0. Subscript numbers al> a2, 131> 132, etc. are used to identify 
the polypeptides from each region in the order that they are isolated . For comparative 
purposes, some other well-defined thymic factors such as FTS (Bach et al., 1977), 
thymopoietin (Schlesinger and Goldstein, 1975), and THF (Kook et al., 1975) are 
also shown in Fig. 2 at appropriate positions according to their reported isoelectric 
points. 

On the same isoelectric focusing gel system, thymosin fraction 5A appears to 
contain mostly the l3-region peptides and very few peptides from the a region (data 
not shown). It appears that fraction 5A is a better source for isolation of 13 -region 
peptides, such as 131 (Low et al., 1979) and 134 (Low and Goldstein, 1982). 

2.3. Purification and Chemical Characterization of the Component 
Polypeptides in Thymosin Fraction 5 

2.3.1. Thymosin a, 

The first thymosin polypeptide isolated from fraction 5 has been termed thy
mosin al (Low et al., 1979). The isolation procedure for thymosin al from fraction 
5 includes column chromatography on ion-exchangers eM-cellulose and DEAE
cellulose and gel filtration on Sephadex G-75. Thymosin al migrates as a single 
band on analytical polyacrylamide gels at pH 8.3 and 2.9 and as a major band with 
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FIGURE 3. Amino acid sequence of thymosin (l1 and thymosin 134. 
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an isoelectric point of 4.2 on an isoelectric focusing slab gel of pH range 3-5. The 
yield of thymosin <Xl from fraction 5 is about 0.6%. The amino acid sequence of 
thymosin <Xl has been elucidated (Low and Goldstein, 1979) and is shown in Fig. 
3. It is composed of 28 amino acid residues with a molecular weight of 3108. The 
amino terminus of thymosin <Xl is acetylated. Using parameters for the prediction 
of protein conformation described by Chou and Fasman (1974), it would appear 
that the C-terminal half of the molecule has a high helical potential. 

2.3.2. Thymosin ~4 

Thymosin ~4 is the first of the biologically active polypeptides from the ~ 
region of thymosin fraction 5 to be completely characterized (Low and Goldstein, 
1982). Thymosin ~4 is composed of 43 amino acid residues with an acetyl group 
at the N-terminal end. It has a molecular weight of 4963 and an isoelectric point 
of 5.1. The complete amino acid sequence of thymosin ~4 is shown in Fig. 3. 

A computer search for possible sequence homology between the sequence of 
thymosin ~4 and other published protein sequences has been conducted at the 
National Biomedical Research Foundation, Washington, D.C. The results do not 
indicate a statistically significant relationship of thymosin ~4 to any other sequenced 
protein currently stored in the data bank. However, there is an interesting internal 
duplication between residues 18-30 and 31-43, as illustrated in Fig. 4. Using data 
for prediction of protein conformation, described by Chou and Fasman (1974), two 
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FIGURE 4. Regions of internal duplication in thymosin (34. Residues 31-43 are aligned with 
18-30, and six identities are identified by the shaded areas. 

regions were identified to contain high helical potential. As shown in Fig. 5, residues 
4-12 and 32-40 were identified to be helical regions. No region suggestive of 13-
sheet structure was found. 

2.3.3. Thymosin ex7 

Thymosin ex? was isolated from thymosin fraction 5 by ion-exchange chro
matography on eM-cellulose and gel filtration on Sephadex G-75 (Low and Gold
stein, unpublished). It is highly acidic with an isoelectric point around 3.5. Thy
mosin ex? is a partially purified preparation and can be resolved into several components 
by high-performance liquid chromatography (HPLC) on a reverse-phase column 
(Low and Goldstein, unpublished) . Purification of these components is now in 
progress. 

2.3.4. Polypeptide 13, 

Polypeptide 131 is the predominant band on the isoelectric focusing gel of 
fraction 5 (see Fig. 2). It was isolated from thymosin fraction 5A as described (Low 
et al .• 1979). It has a molecular weight of 8451 and an isoelectric point of 6.7. 
The amino acid sequence of 131 has been determined (Low and Goldstein, 1979) 
and has revealed that this molecule is identical to ubiquitin and a portion of protein 
A24, a nuclear chromosomal protein. Polypeptide 131 does not show biological 
activity in our bioassay systems, indicating that it is not an important molecule for 
T-cell maturation. Ubiquitin has been found to be identical to APF-I , the polypeptide 
cofactor of ATP-dependent protein degradation (Wilkinson et al .• 1980). This 
defines an important biological role of the molecule which is unrelated to the specific 
function of the thymus. Furthermore, its role in protein degradation explains the 
ubiquitous nature of this molecule (Schlesinger et al .• 1975). 

2.3.5. Other Peptides 

Several peptides isolated from thymosin fraction 5 have structures closely 
related to thymosin 134' Thymosin 133 has an isoelectric point of 5.2 and a molecular 
weight of approximately 5500. Preliminary studies (Low and Goldstein, unpub
lished) indicate that thymosin 133 shares an identical sequence to 134 through most 
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FIGURE 6. Comparison of the amino acid sequences of thymosin [34, [38 and [39. 
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of its N-terminal portion and differs only at the C-terminal end. However, the 
complete sequence of this molecule has not been determined. 

Recently, Hannappel et al. (1982) reported the isolation of thymosin 138 from 
thymosin fraction 5 and thymosin 139 from fresh-frozen calf thymus. As shown in 
Fig. 6, a large portion of the amino acid sequences of thymosin 138 and 139 were 
found to be homologous to thymosin 134' Of the 38 amino acid residues in thymosin 
138, 31 are identical to the corresponding residues in thymosin 134' Thymosin 139 is 
identical to thymosin 138 except for the presence of an additional dipeptide, -Ala
Lys-OH, at the C terminus. 

Previously, we have isolated from thymosin fraction 5A a peptide termed 
thymosin 137, which was closely associated with polypeptide 131 (Low et al., 1979). 
Structural studies have revealed that thymosin 137 is identical to the sequence of 
thymosin 139 (Low and Goldstein, unpublished). Thus, thymosin 137 is present both 
in thymosin fraction 5A and in fresh-frozen thymus. 

Using a combination of column chromatography, gel filtration, and HPLC, a 
polypeptide that is active in mixed lymphocyte reaction (MLR) has been isolated 
from thymosin fraction 5 (Low et al., 1983b). Structural studies on this polypeptide 
are now in progress. 

2.4. Thymosin <Xl from Other Species 

To evaluate the species variation of thymosin polypeptides, we have prepared 
fraction 5 from thymic tissues of human, pig, sheep, chinchilla, and mouse. The 
human thymic tissue was excised during open heart surgery and from selected 
autopsies. 

Thymosin <XI from several species, was prepared from fraction 5, using a 
modification of the extraction and fractionation procedures developed for the iso
lation of bovine al' Human (Low and Goldstein, 1978), porcine, and ovine (Hu, 
1980) thymosin al have also been partially sequenced. From the results obtained, 
they appear to have an identical sequence to bovine al' Most recently, thymosin 
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fraction S preparations were analyzed by HPLC on a IlBondapak CIS (Waters) 
reverse-phase column (Low et al., 1983a). Fractions were collected around the 
region where bovine al was eluted. These fractions were analyzed by radioim
munoassay (RIA) for thymosin al (McClure et al., 1982). In each case, the im
munoreactive peak coelutes with the protein peak at the retention time of bovine 
a I. The results indicated that each of the fraction S preparations examined consists 
of a peptide with similar or identical structure to bovine al' On the other hand, 
chromatographic analysis of fresh rat and calf thymic extracts using similar HPLC 
system did not reveal a detectable protein peak at the al position. Our observations 
suggest that al may be synthesized in a precursor form in animal tissues, supporting 
the report of Hannappel et al. (1982). Freire et al. (1981) have translated mRNA 
from fresh calf thymus and carried out synthesis in a cell-free wheat germ system. 
A peptide of 16,000 daltons that was immunoprecipitable with antisera against 
thymosin fractions was analyzed and found to contain tryptic peptides corresponding 
to fragments of thymosin al. Thus, the 16,OOO-dalton peptide appears to be a 
precursor of thymosin a I. The precursor is probably processed by proteolysis outside 
of the thymus to produce thymosin al' The enzymatic cleavage of an al precursor 
is apparently not random, as only one form of al is detected in the HPLC elution 
profile by RIA. Furthermore, our recent studies on the isolation of thymosin al 

from human blood (Chen et al., Chapter 16, this volume) suggest that the immu
noreactive blood al has physicochemical properties similar to thymosin al' 

2.5. Thymosin /34 from Other Species 

Porcine, ovine, murine, and human thymosin fraction SA preparations were 
analyzed by HPLC on a reverse-phase column. Porcine and ovine fraction SA each 
contain a predominant peak at retention time similar to synthetic thymosin 134. 
Amino acid analysis, as well as tryptic peptide mapping of these peaks, indicate 
that they have identical sequence to bovine thymosin 134' 

On the other hand, human and murine fraction SA preparations gave more 
complex HPLC elution profile in the 134 region. Although peaks were present at 
the retention time of synthetic 134 in both preparations, they are not predominant 
peaks. Our results indicate that human and murine fraction SA contain thymosin 
134 in much lower concentrations in comparison to porcine, ovine, and bovine 
fraction SA. Furthermore, murine and human fraction SA contain several other 
peptides with similar retention time as 134' 

3. SYNTHETIC ANALOGS OF THYMOSIN a1 AND /34 

3.1. Thymosin a1 

Thymosin al has been synthesized by several laboratories, including Wang et 
al. (1978), Birr and Stollenwerk (1979), and Abiko et al. (1980) using solution 
synthesis procedures, and Folkers et al. (1980), Wang et al. (1981), Wong and 
Merrifield (1980), and Colombo (1981) using solid-phase procedures. 
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The synthetic material prepared by Wang et al. (1978) migrated as a single 
band on acrylamide gel isoelectric focusing (pH 3.5-9.5) and on high-voltage silica 
gel thin-layer electrophoresis (pH 1.9 and 5.6), and is indistinguishable from the 
natural thymosin <X I. As shown in Fig. 7, the synthetic polypeptide migrates to the 
same position as the natural thymosin <XI preparation on LKB PAG plate with pH 
range 3.5-9.5. The synthetic material has been tested in our laboratories for bio
logical activities, and has been found to be similar to the natural <XI in a TdT assay 
(Hu et al., 1981) and a MIF assay (Thurman et al., 1981). 

Thymosin <XI has also been synthesized utilizing recombinant DNA procedures 
(Wetzel et al., 1980). In this important new development, the gene for thymosin 
<XI was synthesized. The gene was inserted under lac operon control into the plasmid 
and expressed as part of a ~-galactosidase chimeric protein. The plasmid is then 
cloned in a strain of E. coli. The structure of the N"-desacetyl thymosin <XI was 
confirmed by sequence analysis. The molecule was found to be as active as the 

CATHODE(·) 
• 

ISOELECTRIC FOCUSING 
IN LKB PAG PLATE 

pH 3.5·9.5 

ANODE(+) 
• 

-
-
L ".'HETOC 'HY.OS' ••• 

'--___ NATURAL THYMOSIN a, 

'--_____ THYMOSIN FRACTION 5 

FIGURE 7. Isoelectric focusing gel of thymosin fraction 5, natural thymosin <l1, and synthetic 
thymosin <l1 on LKB PAG plate at pH 3.5-9.5. 
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chemically synthesized (Xl (Wang et al., 1978) in a MIF assay (Thurman et al., 
1981) and a TdT assay (Hu et al., 1981). A method for amino-acetylation of the 
NQ -desacetyl thymosin (Xl has been reported by Kido et al. (1981) using a trans
acetylase associated with a wheat germ ribosomal preparation. 

Most recently, Ciardelli et al. (1982) have found that several synthetic C
terminal fragments (spanning positions 17-28) of (Xl possess activity in the aza
thioprine E-rosette inhibition assay. They suggested that a basic-acidic-lipophilic 
sequence character is a possible essential feature of a molecular signal for T-cell 
differentiation. 

3.2. Thymosin ~4 

The chemical synthesis of thymosin 134 using a solid-phase procedure has been 
accomplished (Low et al., 1983c). The synthetic material was shown to be identical 
to the natural thymosin 134 by tryptic peptide mapping and amino acid compositional 
analyses. As shown in Fig. 8, on an LKB PAG plate at pH 3.5-9.5, the synthetic 

CATHODE H 

ISOELECTRIC FOCUSING 
IN LKB PAG PLATE 

pH 3.5-9 .5 

ANODE (+) 

~I ,- THYMOSIN FRACTION 5 

LNATURAL THYMOSIN fJ. 

SYNTHETIC THYMOSIN fJ. 

FIGURE 8. Isoelectric focusing gel of thymosin fraction 5, natural thymosin 134, and synthetic 
thymosin 134. 
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thymosin ~4 moves to a similar position as the natural material with a pH of 5.1. 
Biologically, synthetic thymosin ~4 was found to be as active as the natural com
pound in a TdT assay and a MIF assay. Thus, the proposed structure of this peptide 
hormone was confirmed by a chemical synthesis. 

4. BIOLOGICAL PROPERTIES OF THYMOSINS 

The biological properties of thymosin fraction 5, <xJ, <X7, ~3' and ~4 are sum
marized in Table I. 

TABLE I. Major Biological Properties of Thymosin Fraction 5 and Its 
Component Polypeptides 

Thymic 
preparations 

Thymosin 
fraction 5 

Thymosin u, 

Thymosin 13. 

Thymosin 13. 

Thymosin 139 

Thymosin U7 

Principal 
investigators 

Hooper, A. Goldstein 
et al. 

Low, A. Goldstein 
et al. 

Low, A. Goldstein 
et al. 

Hannappel, Horecker 
et al. 

Hannappel, Horecker 
et al. 

Low, A. Goldstein 
et al. 

Chemical properties 

Family of heat-stable. 
acidic polypeptides, 
MW 1000-15,000 

Polypeptide of 28 
residues, MW 3108, 
pI 4.2, sequence 
determined 

Polypeptide of 43 
residues, MW 4963, 
pI 5.1, sequence 
determined 

Polypeptide of 39 
residues, sequence 
determined, 
homologous to 13. 

Polypeptide of 41 
residues, sequence 
determined, 
homologous to 13. 

Acidic polypeptide, 
MW 2500, pI 3.5 

Biological effects 

Induces T-cell differentiation 
and enhances 
immunological function in 
animal models and 
humans; increases ACTH, 
13-endorphin, and 
glucocorticoid release 

Induces enhancement of 
MIF, interferon, and 
lymphotoxin production, 
modulates TdT activity, 
increases viral, fungal, 
and tumor immunity 

Induces TdT in vivo and in 
vitro in bone marrow cells 
from normal and athymic 
mice; in vivo induction of 
TdT in thymocytes of 
immunosuppressed mice; 
stimulates release of LH
RH and LH 

No reported biological 
activities 

No reported biological 
activities 

In vitro enhancement of 
suppressor T cells; 
expression of Lyt 1,2,3-
positive cells 
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In addition, thymosin 0:1 was found to enhance T-cell functions in aged mice 
(Frasca et at., 1982), and enhance resistance to Candida (Neta and Salvin, 1983; 
Bistoni et at., 1982) and other infectious agents (Ishitsuka et at., Chapter 40, this 
volume). 

Biological studies (Hu, 1980) on human, porcine, ovine, and murine fraction 
5 indicated that they possess similar activities as bovine fraction 5 in an MLR 
assay, a mouse mitogen assay, a MIF assay, and a human E-rosette assay. No 
biological activity has been reported for thymosin [38 or [39. 

5. PERSPECTIVES 

Our ongoing studies on the chemistry and biology of thymosins have docu
mented a family of polypeptide components in thymosin fraction 5, that appears 
to be acting on different subsets of T cells or T-cell precursors to influence their 
maturation and function. 

As shown in Fig. 9, thymosin 0:1 appears to act at both early and late stages 
of thymocyte maturation. Thymosin 0:7 converts immature T cells to cells with 
suppressor function. Thymosin [33 and [34 appear to act at very early stages of the 
maturation sequence on TdT-negative bone marrow stem cells to form TdT-positive 
prothymocytes. From the various thymic preparations presented in this chapter and 
elsewhere in this volume, it is evident that a great multiplicity of apparently unique 
thymic factors exist which are capable of promoting thymus-dependent immune 

BONE MARROW 

MARROW 
STEM CELL PROTHYMOCYTE 

.7~·7. 

0, 
IHlgh Concentrationl 

TdT -__ TdT+ 

THYMUS PERIPHERAL 
LYMPHOID 

TISSUE 

T CElLS 

SUPPRESSOR 

KILLER 

HELPER 

/I 

FIGURE 9. Proposed role of thymosin peptides in T-cell maturation. Thymosin ~3, and ~4 
promote early stem cell differentiation to the prothymocyte stage. Thymosin <x, promotes both 
early and late steps of T-cell differentiation. Thymosin <X7 is associated with the generation of 
functionally mature suppressor T cells and <x, with the generation of helper T cells. 
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response. Although the precise relationships among the various hormonelike factors 
are still not defined, a number of generalizations can be made regarding their 
biological properties: 

1. In murine systems, thymic factors can induce the appearance of T-cell 
surface antigens from precursor cells and can enhance the production of a 
number of lymphokines, including MIF, lymphotoxin, a- and 'V-interferon, 
and TCGF. 

2. Thymic factors tend to increase the proportions and absolute numbers of 
human E-rosette-forming cells and functional T cells in vitro. The mag
nitude of the effects correlates inversely with initial T-cell levels. 

3. Thymic factors can affect the expression and modulation of TdT in T cells 
and T-cell precursors. 

4. Thymic preparations exhibit a wide range of immune restorative properties 
in vivo in animals and in humans. 

The most important contribution of thymic hormone research resides in its 
application to the clinical management of thymus-dependent diseases. Our ongoing 
clinical trials of thymosin have suggested that thymosin has a major role in restoring 
immune responsiveness and augmenting specific lymphocyte activities in children 
with hypothymic function and in patients with secondary T-cell deficiencies resulting 
from a variety of disorders, including cancer and autoimmune disease. 

Most of the clinical trials with thymosin have been carried out using thymosin 
fraction 5. The complete elucidation of the structure of thymosin aJ. thymosin ~4' 
and other thymic factors and successful chemical synthesis of these molecules render 
the clinical trials of purified thymic polypeptide hormones feasible. 

Furthermore, our studies on the interrelationships of thymus and central nervous 
systems (Hall et al., Chapter 29, this volume), as well as reproductive system 
(Rebar, Chapter 30, this volume) will provide possible new approaches for treatment 
of many endocrine disorders with thymic peptides. The acquisition of a full un
derstanding of the biological function of thymosin peptides will make possible the 
treatment of different diseases with different components or a combination of them. 
This approach should prove to be extremely useful in the area of immunotherapy 
and immunopharmacology. 
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Thymulin 
New Biochemical Aspects 

M. DARDENNE, W. SAVINO, L. GASTINEL, 
and J.-F. BACH 

1. INTRODUCTION 

2 

Ihe thymus gland produces numerous polypeptide hormones that can induce I-cell 
markers and functions in immature cells and, consequently, are considered to be 
physiologically involved in I-cell differentiation (Bach, 1979). One of these hor
mones, thymulin, formerly called FrS (for facteur thymique serique), was initially 
isolated from porcine serum (Dardenne et al., 1977) but also purified from human 
serum. Its amino acid sequence was determined (Glu-Ala-Lys-Ser-Gln-Gly-Gly
Ser-Asn) (Pleau et al., 1977) and the synthetic peptide was shown to be fully 
biologically active (Bach et al., 1977). 

More than 40 analogs of thymulin have been synthesized and immunologically 
evaluated (in bioassays and receptor assays), permitting the localization of the 
molecule's activity on the seven terminal amino acids (Bach, 1983). Some analogs 
have been shown to bind to the receptor and to inhibit thymulin activity, behaving 
like antihormones (Pleau et al., 1979). 

Direct evidence for the presence of thymulin in the thymus has been obtained 
by different approaches including its isolation from thymic extracts (Dardenne et 
al., 1980) and the demonstration of its exclusive presence in thymic epithelial cells 
by immunochemistry, using xenoantisera (Monier et at., 1980; lambon et at., 1981) 
and specific monoclonal antibodies (Savino et at., 1982; Auger et at., 1982) which 
were selected on their ability to inhibit in vitro and in vivo the biological activity 
of the hormone (Dardenne et at., 1982a). 

Recent studies in our laboratory suggested that thymulin might exist in two 
forms: one biologically active and the other one biologically inactive, for the same 
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rigorously controlled amino acid sequence (Dardenne et ai., 1982b). The presence 
of a transition metal in the biologically active form was suggested by the following 
argument: thymulin used in its synthetic or natural form lost its biological activity 
in a rosette assay after treatment with a metal ion chelating agent. This activity 
was restored by the addition of zinc salts or, to a lesser extent, other metals. This 
activation was secondary to the binding of the metal to the peptide. A metal-to
peptide molar ratio of 1 : 1 provided the best activation. The binding affinity was 
calculated to be around 10-6 M in equilibrium chromatography (Gastinel et ai., 
1984). 

In this report, we shall review the main data on the biochemistry of this peptide, 
emphasizing the new findings concerning the presence of zinc in the molecule. 
Before getting to this specific point, we think it is worthwhile to summarize the 
principal data previously known about the chemistry of this hormone. 

2. CHEMISTRY OF THYMULlN: CLASSICAL DATA 

2.1. Sequence Studies 

Using the rosette theta and/or azathioprine conversion assay, we have char
acterized a serum factor capable of inducing T-cell markers on T-cell precursors. 
This serum factor (thymulin) was absent in the serum of nude or thymectomized 
(Tx) mice and reappeared after thymus grafting. Chemical analysis showed that it 
was a peptide of molecular weight 847 (Dardenne et ai., 1977). 

As a result of amino acid analysis and sequence studies (Pleau et ai., 1977) 
on the intact peptide and on the peptide treated with proteolytic enzymes by Edman's 
method, the amino acid sequence proposed for thymulin was the following: (Glu
Ala-Lys-Ser -G In-G I y-G I Y -Ser -Asn-O H) . 

There is no apparent species specificity, as the amino acid analysis of calf and 
human thymulin was identical to that of porcine thymulin (Lacovara and Uter
mohlen, 1983). This sequence did not show any homology with that of the other 
thymic peptides that have also been sequenced (thymopoietin, thymosin ell)' It 
cannot be excluded, however, that peptides not chemically related to thymulin may 
serve as cleavage factors for a thymulin precursor, as is known to be the case for 
growth hormone which induces the release of small peptides, the somatedines, that 
mediate most of its biological activities. 

2.2. Synthesis 

On the basis of this sequence, a peptide has been synthesized according to 
two methods: using solid-phase synthesis (Merrifield's technique) by the Merck 
peptide group (Strachan et ai., 1979) and classical solution methods by Bricas et 
ai., (1977) and P. Lefrancier (Choay's peptide group). The synthetic material 
showed full biological activity and chromatographically displayed characteristics 
identical to those of natural thymulin in several chromatography systems. 
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2.3. Analog Studies 

Many thymulin analogs have been synthesized in our laboratory (Blanot et al., 
1979; Martinez et al., 1981). They were generally evaluated in a mouse or human 
rosette assay, and less frequently in other bioassays including the induction of 
suppressor cells (Kaiserlian and Dardenne, 1982) or of NK cell activity (Bardos 
and Bach, 1983). The analogs were further analyzed in a radioimmunoassay and 
a receptor assay. 

These receptor studies lead us to the concept of competitive inhibitors, i.e., 
analogs which bind to thymulin receptors but exhibit effects antagonistic to thymulin 
(P1eau et al., 1979). 

3. PRESENCE OF ZINC IN THYMUUN 

3.1. Direct Demonstration of Zinc in the Molecule 

The fortuitous preparation of inactive or unstable lots of thymulin suggested 
that the peptide could exist in two forms: one biologically active and the other one 
inactive (Dardenne et al., 1982b). Data have recently been collected showing that 
the active form contains a metal, probably zinc, whereas the inactive form lacks 
metal. We demonstrated that thymulin used in its synthetic or natural form lost its 
biological activity in the rosette assay after treatment with the metal ion chelating 
agent, Chelex 100. This activity was restored by the addition of zinc salts and, to 
a lesser extent, by certain other metal salts, notably aluminum and gallium. The 
specificity of the effect was assessed by the absence of biological effects in the 
assay of zinc used alone. The interaction between zinc and thymulin was directly 
shown by gel chromatography of a mixture of Chelex lOO-treated pH]-FfS and 
65Zn2+ on Bio-Gel P-2. The PH]-FfS and bound 65Zn2+ were precisely coeluted 
with the peak of thymulin biological activity. The presence of zinc in active lots 
of synthetic thymulin has been confirmed by atomic absorption spectrometry. 

The relationship between zinc and biological activity of thymulin was further 
investigated by the study of the consequences of zinc deprivation in mice and 
humans on the serum levels of the hormone: previous studies showed that zinc
deficient animals presented low levels of active thymulin (Iwata et al., 1979). More 
recently, we demonstrated that in fact thymulin was present in serum in its inactive 
form (zinc-deprived) and that we could restore the biological activity of the hormone 
by the in vitro addition of ZnCh (Dardenne et al., 1984). Similar results were 
obtained in children with nephrotic syndrome characterized by zinc deficiency 
(Bensman et al., 1983). 

3.2. Binding Affinity Studies 

Gel filtration studies in ligand eqUilibrium showed that the nonapeptide could 
strongly bind one Zn2+ ion at pH 7.5 with an affinity of about 5 ± 2 x 10-7 M. 
This binding site was relatively specific for Zn2+ although AI3+, Cu2+, and Mn2+ 
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were found to be good competitors for Zn2 + thymulin binding. Furthermore, we 
observed a good correlation between the metal binding affinity to thymulin and the 
capacity of the metal to reactivate the Chelex-treated peptide. 

Studies using structural analogs of thymulin strongly suggested that the metal 
binding site is dependent on the presence of the asparagin [3-COOH group in position 
9 (Gastinel et al., 1984). 

However, a better understanding of the coordination geometry of metal ions 
and thymulin will probably be derived from physicochemical methods such as 
magnetic circular dichroism and nuclear magnetic resonance. 

3.3. Evidence for Zinc-Dependent Antibody Binding Sites in the 
Thymulin Molecule 

In our laboratory, we recently produced antithymulin monoclonal antibodies, 
for which we used two different antigen sources. In one case, synthetic thymulin 
coupled to bovine serum albumin was used as the immunogen (Dardenne et al., 
1982a), while in the other, trypsinized cultured human epithelial cells were injected 
(Berrih et al., 1983). Both types of monoclonals were screened for their ability to 
inhibit the activity of synthetic or natural thymulin in the rosette assay routinely 
used to measure thymulin biological activity, and to bind specifically to thymic 
epithelial cells. Interestingly, we observed that the anti-synthetic thymulin mono
clonal antibodies recognized a relatively small sUbpopulation of thymic epithelial 
cells (Savino et al., 1982), whereas the thymulin monoclonal antibody raised against 
epithelial cells was able to detect not only those cells recognized by the anti-synthetic 
product but a further group of epithelial cells as well. These results suggest the 
existence of differences either in the affinity of these antibodies for thymulin, or 
in the epitope recognized. 

Another point of interest concerning the recognition of thymulin by these 
monoclonals is that the hormone is recognized only if zinc is present in the molecule, 
a conclusion based on immunofluorescence as well as biological activity (rosette) 
assays (Savino et ai., 1984). Thus, for example, when synthetic or natural (serum) 
thymulin was subjected to a chelation procedure, it was no longer detectable by 
antithymulin monoclonal antibodies. However, when we added ZnCh to the chelated 
molecule, it was recognized by the antibodies. Similar results were also obtained 
using supernatants from thymic epithelial cell cultures as another source of natural 
thymulin. 

Further evidence for this zinc-dependent binding site(s) of the antibodies to 
thymulin is that sera from mice or humans, known to have zinc deficiencies, were 
not able to inhibit the fluorescence on thymic sections incubated with the antithy
mulin monoclonals. However, these zinc-deficient sera inhibited the fluorescence 
if they were preincubated with ZnCh (Savino et al., 1984). 

These data suggest that the presence of zinc in the thymulin molecule deter
mines a spatial configuration which, in addition to being necessary for the biological 
activity of the hormone, yields new antigenic determinants that can be specifically 
recognized by monoclonal antibodies. 
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4. CONCLUSION 

Finally, thymulin appears to be a naturally occurring metallopeptide. The 
importance of the presence of zinc for the biological activity of this hormone strongly 
indicates the future use of the peptide coupled to zinc for clinical use and radioim
munological studies performed on biological samples. 
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Use of Monoclonal Antibodies 
to Identify Antigens of Human 
Endocrine Thymic Epithelium 

BARTON F. HAYNES 

1. INTRODUCTION 

3 

The thymus plays a central role in the differentiation of T lymphocytes (Cantor and 
Weissman, 1976). Lymphocytes in various stages of maturation are found through
out the thymic cortex and medulla; however, only a minority of thymic lymphocytes 
mature completely and migrate to peripheral lymphoid organs (Matsuyama et al., 
1966; McPhee et al., 1979). Thymic epithelial cells are in intimate contact with 
thymic lymphocytes, are thought to promote normal intrathymic maturation, and 
contain thymic hormones such as thymopoietin and thymosin a) (Bach and Gold
stein, 1980). 

In murine systems, cells of the nonlymphoid portion of the thymus are thought 
to educate maturing thymocytes with regard to major histocompatibility (MHC) 
antigen allotypes which immunocompetent T cells will recognize in the mediation 
of phases of the normal immune response (Zinkemagel et al., 1978). Moreover, 
Zielinski et al. (1982) have suggested that thymic epithelium is programmed to 
induce preleukemic changes in thymocyte differentiation in leukemia-susceptible 
mice. Thus, study of the human thymic microenvironment and its role in normal 
and aberrant intrathymic T-cell maturation is essential toward understanding mech
anisms of genesis of autoimmune and T-celllymphoproliferative states. 

While the surface antigen characteristics of human T lymphocytes and human 
thymocytes are relatively well characterized (Reinherz and Schlossman, 1980; Haynes, 
1981), surface antigens expressed by cells comprising the nonlymphoid component 
of the thymic microenvironment have not been well characterized. 
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Both human (Janossy et al., 1980; Bhan et al., 1980) and murine (Scollay et 
al., 1980; Jenkinson et al., 1981) cells in the nonlymphoid thymic microenvironment 
have been shown to express MHC antigens. However, demonstration of expression 
of non-MHC-encoded antigens on thymic epithelium has been limited to the dem
onstration of expression of the human Thy-l antigen on subcapsular cortical thymic 
epithelial cells (Ritter et al., 1981). 

Thus, this chapter will review our recent work on the study of cell surface 
antigens on the neuroendocrine portion of the human thymus, i.e., those thymic 
epithelial cells which contain thymotrophic hormones. 

2. THYMIC EPITHELIAL SURFACE ANTIGENS AND THYMIC 
HORMONE DISTRIBUTION IN NORMAL THYMUS 

Eisenbarth et al. (1979, 1981, 1982) have recently characterized a murine 
monoclonal antibody (A2B5) which reacts with a complex neuronal GQ ganglioside 
expressed on the cell surface of neurons, neural crest-derived cells, and peptide
secreting endocrine cells. Tetanus toxin (IT), which binds to GD and GT ganglio
sides, also binds to this neuroendocrine family of cell types (Eisenbarth et al., 
1981). These observations, coupled with previous studies demonstrating that a 
portion of thymic epithelium in fowl is neural crest derived (Le Douarin and Jo
tereau, 1975), led us to determine if antibody A2B5 and/or IT bound to cells in 
human and rodent thymus (Haynes et al., 1983a). 

Monoclonal antibody A2B5 showed a similar pattern of reactivity with all 
human, rat, and mouse thymic sections tested (Fig. lA). Thymic medullary areas 
reacted strongly with A2B5 and demonstrated a dense reticular network of epithelial 
cells (Fig. IB). These A2B5+ processes went up to and surrounded Hassall's 
corpuscles, but the central areas of Hassall's corpuscles were unreactive with A2B5. 
Rat and mouse thymic medulla also showed a similar pattern of reactivity with 
A2B5. In the thymic cortex, many areas were completely nonreactive with A2B5, 
only a few scattered A2B5+ cells being seen. However, epithelial cells in the 
subcapsular cortex area of normal human thymus stained strongly with A2B5 in a 
pattern similar to that seen in the thymic medulla (Fig. lA). 

To correlate A2B5 reactivity with the endocrine function of the thymus, la
beling of thymic epithelium with rabbit antithymopoietin (GQldstein, 1976) or rabbit 
antithymosin <Xl (Hirokawa et al., 1982) followed by A2B5 was performed. We 
found essentially a 1 : 1 correlation of A2B5 reactivity with bright antithymopoietin 
staining or antithymosin <Xl (not shown). 

Because all neuroendocrine cell types we have studied which bound A2B5 
also bound IT, utilizing indirect immunofluorescence with monoclonal anti-IT 
antibodies we studied IT binding to thymic tissue. We found that TT bound to 
sections of rat and human thymus in a pattern identical to A2B5. 

In addition to reactivity of A2B5 and IT, we have delineated the intrathymic 
location of the human Thy-l antigen, and the thymic hormones thymosin <Xl> 
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FIGURE 1. Reactivity pattern of antibody A2BS with normal human thymus. (A) Fluorescent 
micrograph demonstrating that A2BS-positive cells are distributed in two areas--the subcapsular 
cortex (arrowheads) and medulla (M) . The thymic cortex and the capsule (C) overlying the 
subcapsular cortex are unreactive with A2BS. (B) In the thymic medulla, A2BS-reactive cells 
have long dendritic processes that encircle Hassall's bodies (H). x 400 (Haynes et al. 1983b; 
Haynes and Eisenbarth, 1983) . 
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FIGURE 1. (Continued) 
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FIGURE 2. Schematic representation of reactivity patterns of anti-thymic hormone antibodies 
in normal human thymus (Haynes and Eisenbarth, 1983). 

thymosin f34' thymosin <X7, and thymopoietin (Haynes et al., 1983b; Haynes and 
A. Goldstein, unpublished observations). 

Figure 2 summarizes the reactivity patterns of A2BS, TT, anti-Thy-1, anti
thymosin <Xl> antithymopoietin, and antithymosin [34 in studies of four normal 
thymuses. As shown by A2BS reactivity in Fig. 1A and summarized in Fig. 2, the 
epithelial component of the human thymus is present in two definable compart
ments-the subcapsular cortical and medullary thymic epithelium. Thymic lym
phocytes teased from normal thymic tissue did not react with any of the rabbit anti
thymic hormone antisera, or anti-Thy-I. The normal subcapsular cortical thymic 
epithelial region differed from the medullary region by reactivity with anti-Thy-1 
and antithymosin [34. Otherwise, the subcapsular cortical and medullary thymic 
epithelia were identical in their reactivity with A2BS, IT, antithymosin <XI> and 
antithymopoietin. In contrast to the other thymic hormones, thymosin <X7 localized 
only to Hassall's bodies in the thymic medulla (Fig. 2). 

3. A HUMAN THYMIC EPITHELIAL ANTIGEN ACQUIRED 
DURING ONTOGENY IS RECOGNIZED BY A MONOCLONAL 
ANTIBODY AGAINST HUMAN T-CELL LEUKEMIA VIRUS 
(HTLV) p19 STRUCTURAL PROTEIN 

A novel human retrovirus, HTLV has recently been isolated from a variety of 
adult T-cell leukemias and lymphomas that have so far generally exhibited a par
ticular geographic distribution in the southern United States, West Indies, and Japan 
(Poiesz et al., 1980, 1981). Specific antibodies to HTL V proteins have been found 
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in virus-positive cases, often in family members, and much less frequently in the 
general population (Posner et at., 1981; Kalyanaraman et at., 1981, 1982; Robert
Guroff et at., 1982). To further study the incidence of HTL V in large patient 
populations, a monoclonal antibody to the HTLV structural protein has been used 
to examine T cells of patients and normal donors for evidence of HTL V expression 
(Robert -Guroff et at., 1981). 

The monoclonal anti-p 19 immunoprecipitates a 19,OOO-dalton structural protein 
of HTLV. The antigen is located intracellularly in fixed HTLV -infected T cells, 
and is not detected in HTL V -negative malignant or normal T cells of any type 
(Robert-Guroff et at., 1981). During a recent screen of anti-pl9 reactivity with a 
large number of normal human tissues, it was observed that anti-p 19 reacted strongly 
with the epithelial component of normal human thymus (Haynes et at., 1983c). 

3.1. Reactivity of Anti-p19 with Thymic Epithelium 

As previously reported, anti-pl9 did not react with antigens of normal thy
mocytes. However, when anti-pl9 was assayed for reactivity on frozen thymic 4-
J..Lm tissue sections from a 30-month-old normal child, the entire subcapsular cortex 
and medullary thymic epithelium (as defined by A2B5 and TT reactivity) was anti
p19+ (Haynes etat., 1983c)(Fig. 3). However, in contrast to A2B5 orTT reactivity, 

FIGURE 3. Fluorescent micrograph of normal thymic medulla stained with anti-p19 and flu
oresceinated goat anti-mouse IgG. Arrows show p19+ medullary thymic epithelial cells. H, 
Hassall's body. x 400. 
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anti-pl9 reactivity was variable from thymus to thymus in the amount of thymic 
epithelium labeled. Ontogenic study of normal thymic tissue from 8 weeks of fetal 
gestation through 60 years of age demonstrated that the reactive antigen was acquired 
during thymic ontogeny. Whereas the entire thymic epithelial component of all fetal 
and adult thymuses tested was A2B5+, no anti-p19+ epithelium was present until 
15 weeks of gestation and these anti-pI9+ cells were limited to only a few areas 
of the subcapsular cortex. By birth, the entire subcapsular cortical thymic epithelial 
region was anti-p19 + , whereas the A2B5+ medullary component of thymic epi
thelium was anti-pl9"". By 30 months of age, the entire A2B5+ neuroendocrine 
component of thymic epithelium was anti-p19+ . 

3.2. All Anti-p19-Reactive Thymic Epithelial Cells Contain 
Thymopoietin and Thymosin <X1 

Anti-pl9 reacted with both subcapsular cortical and medullary thymic epithe
lium in all thymic tissue from donors over the age of 30 months. As this reactivity 
pattern was identical to the pattern seen with A2B5 and IT, and as all A2B5+ and 
IT+ thymic epithelial cells contain thymopoietin and thymosin (Xl (Haynes et at., 
1983a), we wanted to confirm that anti-p19+ epithelial cells as well contained 
thymopoietin and thymosin (Xl. Using double indirect immunofluorescence with 
rabbit antithymosin (Xl or antithymopoietin developed with rhodamine-conjugated 
goat anti-mouse IgG, we demonstrated that all anti-p19+ thymic epithelial cells 
contained these two thymotrophic hormones (Haynes et ai., 1983c). 

3.3. Reactivity of Anti-p19 in Abnormal Thymic Tissue 

Because anti-pl9 reactivity is acquired during thymic ontogeny, we looked to 
see if the antigen recognized was present in abnormal thymic tissue from patients 
with thymic dysplasia (severe combined immunodeficiency disease and Nezelof 
syndrome), thymic epithelial malignancies (thymoma), and thymus lymphoid ma
lignancy (HTLV- T-cell acute lymphoblastoid leukemia). As expected, we found 
both reactive and nonreactive dysplastic and malignant thymic epithelial tissues. 

3.4. Assay for the Presence of HTL V Proteins or HTL V DNA in 
Normal or Myasthenia Gravis Thymic Epithelium 

Because p19 is an HTLV structural protein, the question arose whether normal 
thymic epithelium was infected with, and thus a reservoir for HTL V. To study this 
question, a goat anti-p24 antiserum which reacts with a cytoplasmic antigen in 
HTL V -infected T cells and immunoprecipitates the 24,OOO-dalton HTL V internal 
core protein (Kalyanaraman et ai., 1981) was used. It did not react by indirect 
immunofluorescence with any thymic tissue previously shown to have strongly anti
pl9-positive thymic epithelium. Finally, DNA from normal and myasthenia gravis 
purified thymic epithelium, normal whole thymus, normal thymocytes, and DNA 
from an HTLV-infected cell line were extracted, digested with Kpnl, and probed 
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FIGURE 4. Reactivity patterns of anti-human thymic stromal antibodies TE-4 and TE-7. (A) TE-
4 reacts with the same subcapsular cortical and medullary epithelial cells as do antibodies A2BS 
and anti-p19. (B) TE-7 reacts with nonendocrine stroma that is p19-, A2BS-, and consists of 
the thymus fibrous capsule, intralobular septae, and vessels. x 400 (Haynes et al., 1984). 
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FIGURE 4. (Continued) 

via hybridization with the 5' (450N) and 3' (500N) sequence of HTLV. DNA from 
the cell line infected with HTL V showed distinct bands of hybridization with the 
HTL V probes, whereas the normal thymic epithelium, whole thymus, and thy
mocyte DNA did not (Haynes et al., 1983c). 

4. NEW ANTIGENS OF THYMIC STROMAL ELEMENTS 
DEFINED BY MONOCLONAL ANTIBODIES TE-4, TE-7, 
AND TE-8 

We have recently produced murine monoclonal antibodies raised against pur
ified thymic epithelial components that selectively define either the endocrine thymic 
epithelium (TE-4) , nonneuroendocrine thymic stroma (fibrous capsules, fibrous 
stroma, and vessels), (TE-7), or Hassall's bodies (TE -8). 

Using double labeling techniques for indirect immunofluorescence described 
above in Section 2, we showed (I) the TE-4 and TE-7 subsets of thymic stroma 
are mutually exclusive (Fig. 4); (2) TE-4 + endocrine stroma contains thymosin (Xl 

and is p 19 + and A2B5 +; (3) TE-7 + nonneuroendocrine thymic stroma does not 
contain thymosin (Xl and is pl<r and A2B5-; and (4) TE-8 selectively binds to cells 
within Hassall's bodies (Fig. 5). 
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FIGURE 5. Antibody TE-8 reacts selectively with human Hassall's bodies. 

Regarding the tissue distribution of antigens TE-4, TE -7, and TE-8, TE-4 
was found on no other normal human tissue except the basal layer of squamous 
epithelium. TE-7 was distributed widely on the fibrous stroma of virtually all tissues 
tested. TE-8 selectively identified the granulosa cell layer of squamous epithelium, 
and as well was found on other types of epithelium in various tissues. 
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5. DISCUSSION 

Recent studies by Hirokawa et al. (1982), Ritter et al. (1981), and Goldstein 
et al. (1981) have suggested that normal human thymic epithelium exists in two 
regions-the subcapsular cortex and the medulla. Ritter et al. (1981) demonstrated 
that human subcapsular cortical thymic epithelium expressed Thy-1 antigen while 
medullary thymic epithelium did not. Hirokawa et al. (1982) Goldstein et al. (1981) 
demonstrated that the thymosin aI-containing thymic epithelium is arranged in two 
areas-the subcapsular cortex and the medulla. In contrast, thymosin 134, another 
thymus-derived polypeptide, is present only in the subcapsular cortical epithelial 
region and not in the medullary epithelial region. Additional evidence for antigen
ically distinct regions of the endocrine thymic epithelium comes from the observation 
of Hirokawa et al. (1982) that during aging, the medullary thymosin aI-containing 
epithelial cells atrophy while the subcapsular cortical epithelial cells do not. Our 
studies confirm the localization of thymosin al in the subcapsular cortex and med
ullary thymic epithelium and demonstrate a intrathymic localization for thymo
poietin. Moreover, we show that those similar to other neuroendocrine tissues, 
thymic epithelial cells bind IT and monoclonal antibody A2BS (Haynes et al., 
1983a,b). 

The observations regarding anti-HTLV p19 and thymic epithelium have given 
rise to several hypotheses regarding the nature of the reactive antigen on thymic 
epithelium: (1) Thymic epithelium may be infected during ontogeny with HTL V. 
Strong evidence against this is the observations that anti-p19+ thymic epithelium 
is HTLV p24-, that no HTLV proviral DNA sequences can be detected with HTLV 
cDNA probes by Southern blot hybridization techniques, and that all thymic tissues 
tested from donors older than 8 weeks of gestation were anti-p19+. Moreover, 
epidemiologic data strongly suggest that HTL V -associated T-cell leukemia is hor
izontally passed as an infectious disease and not by vertical transmission (Robert 
-Guroff et al., 1981, 1982). Molecular hybridization studies have verified this and 
proven that the infection is postzygotic (Reitz et al., 1981). The observation that 
all normal, myasthenic, and TALL (HTLV-) thymuses tested were anti-p19+ also 
mitigates against p 19 expression on thymic epithelium reflecting HTLV infection. 
(2) Anti-p 19 recognizes a structural protein of HTLV and also may bind to a "cross
reactive" host-derived and therefore non-HTLV -associated antigen on thymic epi
thelium. This possibility is suggested by the specificity data and by the lack of both 
HTL V proviral sequences and HTL V p24 antigen in anti-p 19 + thymic epithelium. 
(3) Monoclonal anti-p 19 may recognize a 19,000-dalton host-encoded protein which 
is induced by HTL V infection of cells, contaminates HTLV preparations, and 
copurifies with virally encoded HTLV p19. Studies are under way to characterize 
the reactive thymic epithelial antigen. If this antigen has a molecular weight of 
19,000, this possibility must be considered more carefully. (4) Finally, HTLV p19, 
although a viral structural protein, may be encoded by the host rather than the virus. 
Thus, monoclonal anti-pl9 would specifically react not only with HTLV p19 but 
also with a host protein induced to be expressed by HTL V infection in malignant 
T cells which is also normally expressed on thymic epithelium. This host protein 
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would be incorporated into the HTLV virion structure during viral morphogenesis. 
It is important to note that HTLV-infected patients with Japanese and U.S. adult 
T-cell leukemia make anti-pI9 antibodies that compete with monoclonal anti-pI9 
for binding to HTLV (Robert-Guroff et al., 1982). 

This latter observation directly implies that HTLV -infected patients with T
cell leukemia have circulating anti-pI9 serum antibodies that react with their own 
endocrine thymic epithelium. That HTL V -induced leukemia patients have antibodies 
against thymic epithelium can be directly demonstrated in radioimmunoprecipitation 
assays using patient serum and 125I-Iabeled solubilized thymic epithelial membranes 
(T. J. Palker and B. F. Haynes, unpublished observations). 

The notion that HTL V -associated leukemia patients have antibodies against 
thymic epithelium may have relevance to the pathogenesis of the acquired immune 
deficiency syndrome (AIDS). Recently, AIDS has been linked to HTLV infection 
in some patients (Essex et al., 1983; Gallo et al., 1983). Moreover, AIDS thymuses 
have been shown to be severely atrophic, fibrotic, and to contain a plasma cell 
infiltrate (Elie et al., 1983). Thus, one possible mechanism of T-cell deficiency in 
AIDS is HTLV-induced production of anti-HTLV p19 antibodies that also react 
with normal thymic epithelium; in AIDS, antithymic epithelial antibodies could 
effect thymic epithelial dysfunction leading to lack of formation of Hassall' s bodies 
and as well T-cell deficiency. 

6. SUMMARY 

Given the critical role the endocrine thymic epithelium plays in T-cell matu
ration, study of these cells may be central to our understanding to T-cell leuke
mogenesis and abnormal T-cell reactivity in autoimmune diseases. Thus, in this 
chapter our initial series of studies has been summarized regarding the surface 
antigen characteristics of neural crest-derived thymic epithelial cells. Isolation and 
purification of these cells coupled with the development of relevant in vitro func
tional assays of their endocrine and thymotrophic functions should provide new 
insight into the mechanisms of both normal and aberrant intrathymic T-cell mat
uration. 
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Abnormal Levels of Thymosin <X1 

and the Destruction of the 
Thymus Gland in the Acquired 
Immune Deficiency Syndrome 

ARTHUR E. DAVIS, Jr. 

1. INTRODUCTION 

4 

The acquired immune deficiency syndrome (AIDS) apparently represents a pro
gressive and irreversible loss of cell-mediated immunity (Fauci, 1983). This may 
be in part a result of an organ-specific immune complex attack on the thymus gland. 
This disease has been manifested clinically by fever, malaise, anorexia, progressive 
weight loss, night sweats, diarrhea, lymphadenopathy, and finally the development 
of serious opportunistic infections and/or Kaposi's sarcoma. The mortality is at 
least over 50% and may approach 100%. Originally, AIDS was thought to be 
limited to the male homosexual population, but now has been found in i. v. drug 
users, Haitians, and close contacts in these groups (Harris et al., 1983). Unfortu
nately, AIDS has now been identified in recipients of blood and blood products, 
such as hemophiliacs, and may indicate wide dissemination (Lederman etal., 1983). 
The epidemiology indicates that AIDS is an infectious disease that is transmitted 
by body fluids and is most probably a virus (Gallo et al., 1983). 

The laboratory findings are variable, depending on what stage of the disease 
the testing is performed. There is a progressive decrease in the total lymphocyte 
count with a marked decrease in the helper T cells resulting in a reversal of the 
helper/suppressor ratio. Viral serological studies are often positive for cytomega
lovirus, herpes, hepatitis B, Epstein-Barr, and others. There is a dramatic reduction 
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in mitogen response and there is often anergy to skin testing. The immunoglobulins 
are usually elevated with a polyclonal hypergammaglobulinemia, and circulating 
immune complexes are often found (Rubinstein et ai., 1983). Thymosin <11 and 
~rmicroglobulin are often elevated, especially in the early stages. Many of these 
laboratory abnormalities reflect functions of the immune system that are thought to 
be related to the thymus gland. 

2. MATERIALS AND METHODS 

Because of this possibility, a systematic study of thymus glands was initiated 
late in 1982. Normal controls were established by the study of autopsy material 
from a wide variety of sources. The ages ranged from premature infants to adults 
up to 84 years old. These studies reaffirmed the known histology of the thymus 
gland and confirmed that adults in the eighth decade have normal-appearing Hassall' s 
corpuscles and thymic epithelial cells. Thymus glands were obtained from patients 
who died of AIDS and included male homosexuals, i.v. drug users, and Haitians. 

3. RESULTS 

The study of the AIDS thymus glands revealed marked histological abnor
malities with destruction of the normal architecture. There appeared to be a sys
tematic destruction of Hassall' s corpuscles and alteration in the appearance of the 
thymic epithelial cells. The process appears to begin with a progressive infiltrate 
of plasma cells and lymphocytes that are producing polyclonal IgG (Fig. 1). Has
sall's corpuscles undergo cytolytic and degenerative changes and finally become 
hyalinized or disappear. Most of the thymic epithelial cells become spindled, have 
pyknotic nuclei, and appear inactive. There is depletion of thymocytes, areas of 
patchy fibrosis, and loss of corticomedullary demarcation (Fig. 2). Immunoperox
idase stains reveal a heavy deposition of polyclonal IgG in the areas of former 
Hassall's corpuscles and on the surface of the spindled thymic epithelial cells. This 
is contrasted to the normal aging process where the changes are independent of an 
active infiltrate and represent passive atrophy. The pathological process appears to 

100,llm 

FIGURE 1. Thymus gland in early AIDS. C, cortex; M, 
medulla; H, Hassall's corpuscles; E, epithelial cells; T, thy
mocytes; P, plasma cell and lymphocyte infiltrate. 
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FIGURE 2. Thymus gland in late AIDS. Note loss of 
corticomedullary demarcation, patchy fibrosis (F), spin
dled epithelial cells (E), and plasma cell and lympho
cytic infiltrate (P). 
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be complement and neutrophil independent, at least in the later stages, and is 
consistent with an organ-specific immune complex attack on the thymus gland. 

4. DISCUSSION 

A comparable histological model to AIDS is found in autoimmune thyroiditis 
(Hashimoto's disease). Again there is a heavy infiltration of plasma cells and 
lymphocytes that are making antibodies against at least six different thyroid com
ponents. This has been shown to represent an organ-specific local immune complex 
disease and probably not local T-cell cytotoxicity, complement- or neutrophil
mediated process. Passive transfer of this thyroiditis with serum has been effected 
(Yashida, 1969). In the early stages, there is an elevation of thyroid hormones due 
to cellular damage (Yashida, 1982). Most cases recover. In others, the epithelial 
cell damage continues, leading to thyroid insufficiency, and supplementary thyroid 
hormone must be given. Thus, this is an antibody-mediated disease resulting from 
antibody combining with antigen with a resultant cytotoxic or cytolytic effect on 
the target cells. Autoimmune lymphocytic thyroiditis is thought to be a virus-induced 
process. A retrovirus human T-cell leukemia virus (HTLV) has recently been iso
lated from some AIDS patients (Gallo et at., 1983). HTLV contains an intracellular 
structural protein (p 19) that strongly cross-reacts with the epithelial cells of the 
thymus (Haynes et at., 1983). In the immune response to a viral infection, is the 
thymus the harmed innocent bystander? The basic histological changes in the thymus 
glands from patients with AIDS are remarkably similar to the histological changes 
in thyroid glands from patients with lymphocytic thyroiditis. The basic defect in 
lymphocytic thyroiditis is within the suppressor T cell. 

Some of the abnormal laboratory values found in AIDS patients reflect an 
autoimmune process. There are often very great elevations of the immunoglobulins, 
especially polyclonal IgG. Circulating immune complexes are frequently found. 
The differentiation of the circulating T lymphocytes is thymus dependent and there 
are profound changes in these lymphocytes in AIDS. The l32"microglobulin elevation 
is a reflection of cellular death, especially lymphocytes. Most important, the ele
vation of thymosin (II is often found in the early stages and may well reflect thymic 
epithelial cell damage. Thymosin (II levels were determined in three of the autopsy 
cases studied and were found to be significantly elevated. Thymosin (II levels are 
elevated in many active homosexuals, in many patients with AIDS, and in many 
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patients with serious disease (Hersh et al., 1983). Thymosin (Xl may be an excellent 
surrogate laboratory test for AIDS, especially in the early stages. 

5. SUMMARY 

Histological study of the thymus glands from patients who have died of AIDS 
reveals changes consistent with an organ-specific immune complex attack by po
lyclonal immunoglobulins directed against the thymic epithelial cells and Hassall's 
corpuscles. This results in marked architectural alteration. There is eventual dis
appearance of the corpuscles. The epithelial cells become spindled with pyknotic 
nuclei. There is thymocyte depletion and patchy fibrosis. Thymosin (Xl levels appear 
to be elevated, especially in the earlier stages and may reflect epithelial cell damage. 
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1. INTRODUCTION 

An outbreak of opportunistic infections and/or Kaposi's sarcoma (Gottlieb et al., 
1981; Masur et al., 1981; Siegal et al., 1981; Hymes et al., 1981) was described 
in 1981 among homosexual men in California and New York. Since these early 
reports a similar syndrome has been described in diverse segments of society throughout 
North America and Europe. The acquired immune deficiency syndrome (AIDS), 
as it has come to be known, is currently regarded as one major medical issue 
confronting the Western world. 

As presently delineated, four groups of individuals are principally involved: 
homosexual males, intravenous drug users, Haitians, and hemophiliacs. Among 
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such diversity resides the common denominator of profound suppression of cellular 
immunity as manifest by anergy, lymphopenia, impaired T-cell function in vitro, 
and reduction of peripheral blood T-helper cells with relative sparing of T-sup
pressor/cytotoxic cells and humoral immunity (Gottlieb et al., 1981; Masur et al., 
1981; Siegal et aI., 1981; Stahl et al., 1982; Kornfeld et al., 1982). 

The nearly singular involvement of the cellular immune system, coupled with 
the recently described abnormal levels of thymosin a 1 (Hersh et al., 1983) in male 
homosexuals, have led us to question whether critical events might be initiated in 
the thymus of AIDS patients. Indeed, in a brief note (O'Reilly, 1982) the thymus 
of two infants with presumed AIDS was described as "hypoplastic"; in a second 
report (Fliegel and Naeim, 1983), Hassall's corpuscles were reduced in number in 
nine male homosexuals with AIDS. We have tested our hypothesis in a preliminary 
histological study of six Haitian patients with AIDS. Our findings suggest that the 
thymus may well be a site of cellular injury as manifest by a loss of at least one 
population of epithelium, patchy fibrosis, and an ingress of plasma cells into a 
tissue normally devoid of such cells. The description of these findings is the subject 
of this report. A brief notation (Elie et al., 1983) and a more complete documentation 
(Seemayer et al., 1984) of these findings have been previously described. 

2. MATERIALS AND METHODS 

Six heterosexual adult Haitians with AIDS from Port-au-Prince, Haiti, were 
studied. The patients, four females and two males, were 29-49 years of age. The 
thymus was fixed in 10% formalin, embedded in paraffin, step-sectioned, stained 
with hematoxylin-phloxine-saffron, and examined by conventional light micros
copy. 

Control thymuses (prepared and examined in like fashion) were provided by: 
(1) five age-matched hospitalized Haitian patients, (2) 10 age- and sex-matched 
Montreal patients following sudden death or a brief illness, and (3) 20 middle
aged-elderly Montreal patients following either a chronic illness or a prolonged 
hospitalization. None of the controls had an immune deficiency condition, although 
many were emaciated, profoundly stressed, and had succumbed to infection. 

3. RESULTS 

3.1. AIDS Patients 

The thymus from each patient was involuted, devoid of definitive cortex and 
medulla, depleted of thymocytes, and composed of a central condensed core of 
epithelium (Figs. 1, 2). The latter was represented by round to spindle-shaped cells 
and occasional rosettelike structures. Hassall's corpuscles and solid aggregates of 
"plump" polygonal epithelial cells were not identified. Variable degrees of fibrosis 
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FIGURE 1. Photomicrograph of thymus from 35-year-old female with AIDS depicting involution 
and architectural effacement. Hematoxylin-phloxine-saffron; x 100. 

and plasma cell infiltration were noted within and around the loose fibroareolar 
tissue of the gland (Fig. 3). 

3.2. Control Patients 

Thymuses from the five age-matched Haitian hospitalized patients and 10 age
and sex-matched Montreal controls demonstrated abundant Hassall's corpuscles 
(Fig. 4) and variable degrees of stress involution manifest by thymocyte depletion 
and cortically distributed debris-laden histiocytes. 

FIGURE 2. Photomicrograph of thymus from 40-year-old female with AIDS depicting involution, 
prominent vascularization, lack of definitive cortex and medulla, thymocyte depletion, and an 
absence of Hassall's corpuscles. Hematoxylin-phloxine-saffron; x 200. 



64 THOMAS A. SEEMA YER et al. 

FIGURE 3. High-power photomicrograph of same thymus as Fig. 1 illustrating plasma cell 
infiltration within and contiguous to gland. Hematoxylin-phloxine-saffron; x 400. 

Thymuses from 12 middle-aged-elderJy chronically ill Montreal patients dem
onstrated involution, architectural effacement, and an absence of Hassall's corpus
cles. Nevertheless, in eight such patients, variable degrees of architectural pres
ervation were noted and Hassall' s corpuscles and/or plump aggregates of medullary 
epithelium were identified. In none was there evidence of patchy fibrosis or plasma 
cell infiltration as described for AIDS patients. 

FIGURE 4. Photomicrograph from Haitian control patient, a 55-year-old male who died following 
a cerebral hemorrhage, illustrating well-developed Hassall's corpuscle. Hematoxy
lin-phloxine-saffron; x 400. 
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4. DISCUSSION 

Although the thymus plays a pivotal role in the ontogeny of the immune system, 
its function in adult life remains poorly understood. Much has been written about 
thymic neoplasms and their clinical associations, yet little is known about the thymus 
in many pathological states. Several thymic alterations are relatively well charac
terized and will be described as they are judged to be pertinent to this report. 

The first, stress involution, is associated with diverse forms of acute and chronic 
stress and is believed to be mediated by adrenal corticosteroids acting on cortico
steroid-sensitive thymocytes. Under stressful conditions, the thymus involutes and 
becomes depleted of cortical thymocytes and replete with cortical histiocytes, the 
latter laden with nuclear and cellular debris. Hassall's corpuscles are unaffected, 
and often appear quite prominent owing to thymocyte depletion. 

A second alteration, physiological involution, represents the morphological 
expression of thymic aging. Over the course of years (beginning in the second 
decade), the gland incurs a sustained reduction in size, number of thymocytes, and 
Hassall's corpuscles. As this proceeds, fatty replacement of parenchyma occurs; 
the net effect is to convert a lymphoid organ into a lipomatous mass containing 
variable amounts of thymic epithelial remnants. It is to be noted that this process 
appears to be age-programmed, i.e., physiological; hence, neither fibrosis nor in
vasion of the gland by cells normally excluded from the thymic microenvironment 
is a feature of physiological involution. 

A third form of involution is that sustained as a result of a graft-versus-host 
(GVH) reaction. In both mice (Seemayer et ai., 1977, 1978) and man (Seemayer 
and Bolande, 1980), the thymus incurs a form of involution in GVH reactions 
characterized by weight and size reduction, architectural effacement, and epithelial 
injury manifest by the loss of Hassall's corpuscles. In such glands it is not uncommon 
to observe variable numbers of plasmacytoid lymphocytes and even fibrosis. This 
thymic epithelial injury is not without immunological consequences, as a major 
defect in thymocyte function (Seddik et ai., 1980) has been demonstrated in animals 
sustaining GVH reactions. 

The thymic involution described in the six Haitian patients with AIDS is judged 
to be different from that seen in response to stress and/or aging. In AIDS the thymus 
demonstrates complete architectural effacement and loss of Hassall's corpuscles, 
patchy fibrosis, and variable degrees of plasma cell infiltration. The extent of 
involution observed clearly supersedes that sustained by stress and inanition and 
antedates that incurred with aging. Moreover, the fibrosis within and contiguous 
to the gland, coupled with the ingress of plasma cells, suggest that such thymuses 
are sites of cellular injury during the course of the illness. As such, the features 
are not too dissimilar from those inflicted during GVH reactions. The thymic changes 
cannot be ascribed solely to transfusion-related GVH reactions (as might occur in 
an immunodeficient patient on receipt of exogenous T lymphocytes), as only three 
of the six AIDS patients received blood or blood products prior to or during their 
illness. Possibly the thymic alterations stem from a GVH-like mechanism initiated 
directly or indirectly by a thymotropic transmissible agent. In this regard, sequences 
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of human T-cell leukemia virus (HTLV) have been identified (Gelmann et al., 1983; 
Gallo et al., 1983) in peripheral blood lymphocytes of several AIDS patients. 
Moreover, studies of normal human thymus (Haynes et al., 1983) have demonstrated 
a neuroendocrine population of thymic epithelium which reacts strongly with an 
HTLV-associated antigen. These interesting, as yet unresolved findings, when viewed 
in the context of the stated thymic alterations, dictate that further studies of AIDS 
patients include thorough histological, immunological, and virological examination 
of the thymus. 

5. SUMMARY 

Thymuses from six adult Haitian patients with AIDS were examined histo
logically and compared with controls represented by Haitian and Montreal patients 
succumbing from a variety of conditions other than AIDS. Control thymuses ex
hibited a spectrum of findings which ranged from normal histology to severe phys
iological and/or stress involution. Nonetheless, in nearly half of the rniddle-aged-elderly 
chronically ill control patients, the thymus demonstrated variable degrees of ar
chitectural preservation and scattered Hassall's corpuscles. In contrast, thymuses 
from AIDS patients exhibited profound involution, architectural effacement, thy
mocyte depletion, patchy fibrosis, variable degrees of plasma cell infiltration, and, 
above all, an absence of Hassall's corpuscles. Thus, the thymic changes in AIDS 
antedate those associated with aging (physiological involution) and supersede those 
incurred with stress (stress involution). The precocious loss of Hassall's corpuscles, 
one of a population of thymic epithelial cells, coupled with the observed fibrosis 
and plasma cell infiltrates, suggest that the thymus sustains injury during the course 
of the illness. These features collectively suggest that the thymus may be a site of 
important, as yet cryptic events in AIDS. Future studies of AIDS should include 
histological, immunological, and virological study of the thymus. 
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Increased Thymosin Levels 
Associated with Acquired Immune 
Deficiency Syndrome 

PAUL H. NAYLOR, MICHAEL R. ERDOS, and 
ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

Acquired immune deficiency syndrome (AIDS) has elicited great concern in its 
progression to epidemic proportions worldwide (Fig. I). Initially identified in young 
male homosexuals, AIDS has recently appeared in other groups including hemo
philiacs, transfusion recipients, Haitian immigrants, black Africans, and drug ad
dicts in the USA, as well as Europe, Canada, and Haiti (CDC, 1982a,b; West, 
1983). 

Preliminary symptoms of AIDS are nonspecific, including: fever, weight loss, 
lymphadenopathy, inverse helper to suppressor cell ratios, depression of T -cell
mediated immune parameters, skin test anergy, elevated levels of immunoglobulins, 
and lymphopenia (Durack, 1981; Friedman-Kien, 1981; Levine, 1982). The thymus 
gland is an integral part of the T-cell-mediated immune system. As reported pre
viously and confirmed in these proceedings, the thymus gland undergoes histological 
alterations as a result of AIDS infection (Elie et al., 1983). Lymphocytes and 
plasma cells infiltrate the thymic tissue destroying the thymic epithelium and causing 
the disappearance of Hassall's corpuscles. Abnormal levels of thymosin (Xl are 
related to the progressive destruction of thymic tissues (Hersh et al., 1983; Naylor 
and Goldstein, 1983, 1984; Reuben et al., 1983). As the immune system deteri
orates, susceptibility develops toward opportunistic infections such as Pneumocystis 
carinii pneumonia and about 40% of the patients present with a rare type of cancer 
termed Kaposi's sarcoma (CDC, 1982b; Durack, 1981; Friedman-Kien, 1981; Got
tlieb et al., 1981; Levine, 1982). 
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FIGURE 1. Epidemic incidence of AIDS in the 
U.S. (March 1983) as reported by the Centers 
for Disease Control. 

AIDS appeared as a progressive crippling of the body's thymus-dependent 
immune system resulting in an exceedingly high mortality rate of 90% in patients 
having the disease for more than 2 years. The thymus secretes a family of poly
peptides, called thymosins, which modulate the immune system (see Fig. 1 of 
Chapter 1). At least one thymosin peptide (thymosin al) is present in serum and 
can be measured by RIA (McClure et ai., 1981). 

2. MATERIALS AND METHODS 

2.1. Blood Samples 

2.1.1. Normal Donor Sera 

Blood samples were drawn daily from volunteer donors in the Washington, 
D.C., area by the Washington Red Cross. Freshly drawn blood was refrigerated 
immediately and delivered twice a day. Upon arrival, the individual samples were 
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separated and the serum aliquoted and frozen at - 70°C. The samples were gen
erously provided by Drs. Paul McCurdy and Fred Darr (Red Cross, Washington, 
D.C.). 

2.1 .2. Patient Sera 

Frozen serum from patients well-documented with AIDS was provided by Dr. 
Friedman-Kien (New York University Medical Center, New York, N.Y.). 

2.1.3. High-Risk Homosexual Sera 

Frozen serum samples were obtained from nonhospitalized individuals in Hous
ton, Texas, and Denmark. Each set of samples included age-matched normal serum 
obtained in the same region. The serum from Houston was supplied by Dr. Evan 
Hersh (M. D. Anderson Tumor Institute, Houston). The serum from Denmark was 
provided by Dr. Robert Biggar (NIH, Bethesda, Md.). 

2.2. Thymosin el1 Assay 

Thymosin a I levels in serum were determined using an RIA technique em
ploying some modifications of the previously reported assay (McClure et al., 1981). 
An aliquot of serum (100 j.Ll) was incubated with 125I-labeled N-Ac(Tyrl)-thymosin 
ell and an antiserum raised in rabbits. The antigen in the system was KLH-conjugated 
N-Ac-thymosin al' After an incubation period of 24 hr, the antibody-antigen com
plexes were precipitated by an additional 18-hr incubation with goat anti-rabbit 
immunoglobulin. 

3. RESULTS 

A clear definition of normal levels of thymosin al in the blood was obtained 
by assaying 150 male and female Red Cross blood donors. Significant differences 
in thymosin al levels were not found to be associated with the age (aged 20-50 
years) or the sex of the donors (in preparation). In the three experiments, only one 
donor (a 46-year-old male) had levels ofthymosin al above two standard deviations 
of the mean (Fig. 2). Concurrently, thymosin al levels were assayed in normal 
individuals' sera received from various researchers over the past year and the results 
have been similar. These results demonstrate that healthy males and females rarely 
express levels of thymosin al above two standard deviations of the mean. 

In a study of 94 patients afflicted with AIDS or Kaposi's sarcoma, thymosin 
al levels were shown to be elevated (Fig. 3). Sixty percent (44/72) of Kaposi's 
sarcoma patients expressed levels ranging from two standard deviations above the 
mean to three times the mean levels of the hormone population; 54% (12122) of 
AIDS patients showed similar elevated levels. 

Investigation of thymosin a I levels among populations at risk of contracting 
AIDS showed remarkably similar results (Biggar et al., 1983; Hersh et al., 1983; 
Naylor and Goldstein, 1983, 1984; Reuben etal., 1983). Two populations composed 
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FIGURE 2. Thymosin (Xl levels in serum from normal male and female Red Cross volunteer 
donors measured by RIA. 

of nonhospitalized homosexuals were used as "at risk" individuals in these studies. 
One set of sera from ambulatory homosexuals who visited a clinic in the Houston 
area showed 75% of this "at risk" population having elevated serum (Xl levels. In 
the second set-nonhospitalized homosexuals from Denmark-33% (25175) of the 
individuals assayed expressed significantly elevated serum (Xl levels (Fig. 4). Helper 
(OKT4) T-cell to suppressor (OKT8) T-cell ratios were also investigated in this 
Danish population (Biggar et al., 1983). No correlation was found between elevated 
(Xl levels and low or inverse helper to suppressor cell ratios (Fig. 5). 

4. DISCUSSION 

Thymic hormones influence the immune system by modulation of T-cell num
ber and function. Significant deviations in thymic hormone levels should be con
sidered indicative of a serious impairment of thymic function. As primary immune 
deficiencies have generally shown lower or normal thymosin (Xl levels, the expres-
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FIGURE 3. Thymosin (x, levels in serum from AIDS 
patients with either Kaposi's sarcoma or pneu
mocystis carinii measured by RIA. 
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sian of significantly elevated levels in AIDS patients and populations at high risk 
of AIDS is very unusual. There are several possible mechanisms by which such 
high thymosin al levels may occur. The end organ failure hypothesis suggests that 
a subpopulation of lymphocytes fails to respond to thymosin al and the faulty 
feedback mechanism results in continued production of thymosin a I. Accumulation 
of al in this manner would result in elevated levels of biologically active hormone. 
A viral infection hypothesis suggests the thymosin a I produced may not be bio
logically active. A virus-infected thymic epithelium, or possibly a T-cell subpop
ulation could result in production of a modified peptide hormone. A cross-reactive 
pathogen which is transmissible may also be responsible for altering the normal 
structure and function of the thymosin al peptide. It is similarly possible that 
elevated hormone levels may result from an activation of the authentic al gene by 
an infectious agent in lymphocytes or other cell types. Non-thymus-mediated thy
mosin al production could result from infection of a nonthymic tissue stimulating 
the production of thymosin alo either directly or by stimulation of production of a 
thymosin-rele?<;ing factor. 
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FIGURE 4. Thymosin CIt, levels in serum from "at risk" homosexuals from Denmark and USA 
(Houston). 

Regardless of the mechanism, it is clear that homosexuals are at risk for AIDS 
and they have a different thymosin Cll profile than heterosexuals. Coupled with the 
observations that thymic structure is abnormal in AIDS victims and that AIDS 
patients have elevated thymosin Clio we suggest that elevated thymosin Cl1 levels in 
serum may be early warning signal for AIDS. Continuing investigations will dem
onstrate whether or not elevated thymosin Cl1 levels will be important to physicians 
as an early marker for AIDS. Hemophiliacs afflicted with AIDS presumably contract 
the disease either from direct transfusion or from the use of concentrated clotting 
factor. Thymosin Cl1 was found in two of seven separate lots of lyophilized Factor 
VIII concentrates in amounts similar to serum. Factor IX concentrates measured 
showed large amounts of thymosin Cl1 (Kessler et ai., 1983). It appears that AIDS 
is contracted by a bloodbome transmissible agent and may be preserved through 
the purification and concentration of blood products. 
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Thymosin (34 
Distribution and Biosynthesis 
in Vertebrate Cells and Tissues 

BERNARD L. HORECKER 

1. INTRODUCTION 

Thymosin ~4 is one of several peptides that have been isolated from thymosin 
fraction 5, a preparation from calf thymus whose properties have been discussed 
by Low and Goldstein (Chapter I, this volume). Following the demonstration that 
thymosin fraction 5 was a mixture of many peptides, ranging in molecular weight 
from 1000 to 14,000 and in isoelectric point from 4.0 to 7.0 (Goldstein et al., 
1977; Low et al., 1979) and the elegant isolation and structural analysis of several 
of these peptides by Goldstein and his co-workers (Goldstein et al., 1977; Low 
and Goldstein, 1979; Low et al., 1981), we became interested in the mechanism 
of their biochemical synthesis. 

Our strategy was to translate calf thymus mRNA in an appropriate in vitro 
system (e.g., the wheat germ extract) and identify the biological precursors of the 
thymic peptides by immunoprecipitation and by characterization of peptide frag
ments containing amino acid sequences characteristic of the peptides isolated from 
thymosin fraction 5. 

When this procedure was applied to studies of the biosynthesis of thymosin 
(Xlo using an anti-thymosin fraction 6 serum provided by John E. McClure of The 
George Washington University School of Medicine and Allied Health Sciences, we 
succeeded in identifying a larger polypeptide, with a molecular weight of approx
imately 16,000, containing a 15-amino acid sequence present in thymosin (Xl (Freire 
et al., 1978, 1981). However, our efforts to synthesize the cDNA corresponding 
to the thymosin (Xl mRNA and thereby deduce the sequence of the thymosin (Xl 

precursor were unsuccessful. We therefore concentrated our efforts on thymosin 
~4' whose isolation and sequence had just been reported by Low et al. (1981). 

BERNARD L. HORECKER • Roche Institute of Molecular Biology, Roche Research Center, Nutley, 
New Jersey 07110. 
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1. Frozen tissue (10-1500 mg) homogenized in 10 ml 6 M 
guanidinium chloride. 

2. Diluted with 10 ml 0.2 M pyridine/l M HCOOH, pH 2.8. 

3. Centrifuged to remove lipids. 

4. Desalted on Waters C18 Sep-Pak Cartridge. 
Peptides eluted with 5 ml 20% propanol in 
pyri di ne/HCOOH. 

5. Eluate lyophilized and analyzed by HPLC (RP18 column). 

FIGURE 1. Outline of procedure for isolation of peptides from fresh-frozen calf thymus. Tissue 
frozen in liquid nitrogen at the slaughterhouse was processed in small batches as indicated 
(from Hannappel et al., 1982a). 

2. ISOLATION OF PEPTIDES RELATED TO THYMOSIN 134 

Unlike thymosin <XJ, which had been chemically synthesized (Wang et al., 
1979), thymosin 134 was not available in sufficient quantities for addition as carrier 
or characterization of peptide fragments. We therefore undertook its isolation both 
from fraction 5 and from fresh calf thymus, using, in the latter case, a procedure 
designed to minimize the possibility of proteolytic modification (Hannappel et al .• 
1982a). The procedure is briefly outlined in Fig. 1. The frozen tissue was cut into 
small segments at the slaughterhouse, quick-frozen in liquid nitrogen, and stored 
in liquid nitrogen until processed. To inactivate proteases, the still-frozen tissue 
was homogenized in 6 M guanidinium chloride, using a Polytron homogenizer. 
The homogenate was diluted with an equal volume of pyridine-formic acid, pH 
2.8, and immediately desalted by forcing it through disposable SepPak filters, which 
absorbed the peptide but not the guanidinium salts. After washing the filters with 
the pyridine-formic acid buffer, the peptides were eluted with the same buffer 
containing 20% I-propanol. For analytical purposes, the SepPak eluates were simply 
diluted with buffer and subjected to reverse-phase HPLC on RP18 columns. The 
entire analytical procedure required less than 2 hr. For the separation of larger 
quantities, it was necessary to concentrate the SepPak elutes by lyophilization before 
chromatography. 

2.1. Peptides in Fresh Calf Thymus 

When the procedure outlined in Fig. 1 was applied to fresh calf thymus, a 
major peptide peak emerged at a concentration of I-propanol of about 24-28% 
(peak 2, Fig. 2). This region contained only a few other peaks; most of the material 
emerged as larger peptides (peaks 4-8), none of which was identified. Thymosin 
<X1t which would have emerged at 58 min (arrow), could not be detected. The 
peptide in peak 3 was found to be similar in composition to thymosin 134, but lacked 
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FIGURE 2. Reverse-phase HPLC of a desalted guan
idinium chloride extract of fresh-frozen calf thymus. Elu
tion was with a stepwise gradient of 0-40% 1-propanol, 
increasing in 4% increments every 10 min. In the ex
periment shown, the SepPaks were eluted with pyri
dine-formic acid containing 40% propanol, which ac
counts for the presence of the larger polypeptides (peaks 
4-8). These polypeptides were not identified. (From 
Hannappel et al., 1982a.) 
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methionine (see Fig. 5). This peptide could be separated from thymosin 134 by 
oxidizing the mixture with H20 2 (Hannappel et al., 1982a), which converted the 
methionyl residue in thymosin 134 to methionyl sulfoxide; on rechromatography 
under the same conditions, the oxidized thymosin 134 emerged 9 min earlier, well 
separated from the new peptide, designated thymosin 139, whose elution position 
was not altered. Thymosin 139 was found to contain 41 amino acids, 31 of which 
were identical to those found in thymosin 134 (Hannappel et al., 1982b). Thymosin 
139 was not detected in preparations of fraction 5; in its place we found a peptide 
containing the first 39 amino acid residues but lacking the terminal dipeptide, Ala
Lys. This modified form of thymosin 139 was designated thymosin 138' This finding, 
and the absence of thymosin Ul in fresh calf thymus, supported the suggestion that 
fraction 5 may contain proteolytic ally modified forms of native thymic peptides. 

2.2. Peptides in Rat and Mouse Tissues 

When the same isolation procedure was applied to rat and mouse tissues, we 
were surprised to find that thymosin 134 was present not only in the thymus, but 
also in substantial quantities in other tissues, including brain, spleen, and peritoneal 
macrophages (Fig. 3). Smaller quantities were found to be present in lung, liver, 
and kidney (Hannappel et al., 1982c). Tissues from athymic (nulnu) mice were 
found to contain higher concentrations of thymosin 134 than tissues from hetero
zygous littermates. These observations indicated that tissues other than the thymus 
gland might be capable of synthesizing thymosin 134' 

In rat and mouse tissues, thymosin 139 could not be detected. Instead, we found 
another peptide, designated thymosin 1310, that emerged approximately 5 min later 
than thymosin 134 under the conditions employed. Thymosin 1310 contained methi
onine at position 6, and showed 85% homology with thymosin 139 (Erickson-Viitanen 
et al. 1983b) (see Fig. 5). 
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FIGURE 3. HPLC analysis of peptides in rat tissues. Quantities of tissues extracted were 
thymus, 0.15 g; brain 1.0 g; spleen, 1.8 g; peritoneal macrophages, 3 x 107 cells (from Han
nappel et a/., 1982c). 

2.3. Peptides in Tissues of Other Vertebrates 

Thymosin 134 was found to be present in tissues of all vertebrate classes except 
bony fish, which contained yet another related peptide, designated thymosin 1311 
(Figs. 4 and 5, Table I). In the spleens of all mammals examined, the content of 
thymosin 134 ranged from 60 to 100 Jl.glg wet tissue, corresponding to nearly 0.1% 
of the total protein in this tissue. Similar high concentrations were found in the 
bursa of Fabricius of the chicken and in livers of a lizard and a toad, and somewhat 
similar concentrations of thymosin 1311 were present in fish liver (Erickson-Viitanen 
et ai., 1983a). 

2.4. Structures of 13-Thymosins and Phylogenetic Distribution 

A high degree of conservation was observed in the structures of the peptides 
present in vertebrate species ranging from fish to mammals (Fig. 5). Their chain 
length varied between 41 and 43 amino acid residues and 29 of these residues were 
invariant in all of the peptides examined. 



I 
Human spleen (0.8g) Chicken bursa 01 Fabricius (0.6g) 

.. .s. 
"' z 
~ .. Ii. a: .... 
a: ,--
"' .... _____ 1 

"' 
_____ J 

::; , 
~ 
0 
:::> 
...J u. 

8t 

Frog spleen (0.18g) Fish spleen (0.42g) 

I 
... 11" 

'" z 
~ 
a: .... 

40 
a: T "' .... ,- I 

"' 30.!. ::; c-----' 
0 

rol !5 1------, 
3 ,-
LL .----' 

,-----' II; ___ I 
C 

8t 

0 30 60 

TIME (min) 

FIGURE 4. HPLC analysis of peptides in extracts of human, frog, and fish spleen and the 
chicken bursa of Fabricius. In these experiments the SepPaks were eluted with 20%, instead 
of 40%, 1-propanol, which accounts for the absence of the large peptides seen in Figs. 2 and 
3. (From Erickson-Viitanen et a/., 1983a.) 

TABLE I. Tissue Content of Thymosin ~4-like 
Peptides in Vertebrate Classes 

jLgi g Wet weight tissue 

134 139 1310 1311 

Mammals (spleen) 
Calf 60 24 
Cat 97 9 
Man 68 11 
Mouse 98 12 
Rabbit 88 75 
Rat 100 14 

Birds (bursa of Fabricius) 
Chicken 83 

Reptiles (liver) 
Gecko 27 

Amphibians (liver) 
Frog 67 

Bony fishes (liver) 
Oscar 35 
Trout 24 
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THYMOSIN 134 

FIGURE 6. Phylogenetic distribution of l3-thy
mosins. (Constructed from analyses reported 
by Erickson Viitanen et a/., 1983b, and Rug
gieri et a/., 1983.) 
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The phylogenetic distributions of the ~-thymosins is illustrated in Fig. 6. 
Thymosin ~4' the most widely distributed member of this family of peptides, has 
been found in all vertebrate classes except bony fish, which contain thymosin ~II' 
In mammals, but not in lower vertebrates, a second homologous peptide occurs 
together with thymosin ~4' This second peptide is thymosin ~9 in the calf (related 
fonns have not yet been examined) or thymosin 1310 in other species of mammals. 

A notable exception to the above generalization is the rabbit, which contains 
variant fonns of both thymosin 134 and thymosin 1310 (Ruggieri et al., 1983). The 
variant fonn of thymosin 134, designated thymosin 13t'la, contains alanine in place 
of serine in position l. The variant of thymosin 1310, designated thymosin I3f6'g, 
contains an additional arginine residue inserted between residues 38 and 39 of 
thymosin ~ 10' Preliminary evidence (Erickson-Viitanen, unpublished) suggests that 
thymosin l3f6gmay also be present as a third ~-thymosin in tissues of other mammals. 

The quantities of thymosin 1310 in mammalian tissues are generally 10-30% 
of those of thymosin ~4' except in rabbit spleen where thymosin 13f6'g and thymosin 
Mia are present in almost equal quantities (Ruggieri et al., 1983). 

3. BIOSYNTHESIS OF THYMOSIN 134 

3.1. Synthesis in Isolated Peritoneal Macrophages and in 
Established Cell Lines 

In isolated peritoneal macrophages and adherent spleen cells, thymosin 134 is 
rapidly synthesized from radioactive methionine added to the culture medium (Xu 
et al .• 1982). The radioactive peptide, isolated from the cell pellet after extraction 
with 6 M guanidinium chloride and separation by HPLC, was identified by its 
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TABLE II. Synthesis of /34 in Rat and Mouse Cells 

CeJllines 
Rat myoblast (L6) 
Rat neuroblastoma (B 104) 
Mouse thymoma (BW5147) 
Rat pheochromocytoma (PCI2) 
Mouse erythroleukemia (DS 19) 
Mouse myeloma (P3X63) 
Mouse myeloma (NS I ) 

Primary cultures 
Rat peritoneal macrophages 
Thymocytes, nonattached 
Thymocytes 

cpm/dish 

105,000 
61,500 
22,000 
18,000 

95,000 

1,000 

Peak height 

48 
31 
14 
8 

(no (3.) 
(no (3.) 
(no (3.) 

19 
(no (3.) 

2.5 

coelution with authentic thymosin 134 and by the identification of a radioactive 
heptapeptide (residues 6-12) after partial acid hydrolysis. 

Thymosin 134 was also actively synthesized by a variety of established cell 
lines, including myoblasts and macrophages (Goodall et al., 1983). The rates of 
synthesis were correlated with the content of thymosin 134 in these cell lines (Table 
II). Both rates of synthesis and content appeared to be related to the ability of these 
cells to adhere and their motility. This prompted the suggestion that thymosin 134 
might function as a component of the cytoskeleton. It was not synthesized by several 
tumor cell lines, and was not detected in these cells, but relatively high concen
trations and rates of synthesis were observed with a neuroblastoma cell line. 

3.2. Cell-Free Synthesis of Thymosin 134 

These experiments were similar to those described earlier for thymosin UI and 
were expected to yield evidence for a larger precursor polypeptide from which 
thymosin 134 would be formed by proteolytic processing. The protocol for the 
experiment (Filipowicz and Horecker, 1983) is outlined in Fig. 7. Rat spleen was 
chosen as the source of mRNA because of its convenience and because rat spleen 
had been found to be a particularly rich source of thymosin 134 (see Table I). 

Rat spleen 

IguanidiOium thiocyanate 
oligo(dT) cellulose 

mRNA I reticulocyte' lysate 

Total translation products I pre-immune serum 

anti- /34 serum 

Immunoprecipitated Products 

I 
Gel electrophoresis and HPLC 

FIGURE 7. Protocol for studies of the cell-free syn
thesis of thymosin (3 •. 
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The cell-free synthesis product, immunoprecipitated with a specific rabbit 
antithymosin ~4 "(-globulin provided by Dr. J. I. Morgan of this Institute, was 
found to be identical to thymosin ~4' with no indication for the fonnation of a 
larger precursor polypeptide (Fig. 8). Thymosin ~4 labeled with [3sS]methionine 
fonned from rat spleen mRNA in a protein-synthesizing system from rabbit reti
culocytes was identified by: (1) its identical behavior in SDS-PAGE and its absence 
in the antibody precipitate when an excess of authentic thymosin ~4 was added 
(Fig. 8); (2) its coelution with authentic thymosin ~4 in reverse-phase HPLC (Fig. 
9); and (3) the identity of methionine-containing peptides generated from authentic 
thymosin ~4 by mild acid hydrolysis (residues 6-12, see Fig. 5) or digestion with 
chymotrypsin (residues 1-12). This last evidence confinns that the cell-free syn
thesis product possesses the acetylated NHz tenninus. 

In order to exclude the possibility of specific processing of a larger polypeptide 
precursor by proteinases in the rabbit reticulocyte system, the rat spleen mRNA 
was also translated in two nonmammalian systems, a wheat genn extract (Fig. 8) 
and a yeast protein-synthesizing system. It was considered that these would be 

kOal 

25.7 

18.4 

12.3 

6.2 

3.0 

Reticulocyte Wheat germ 
lysate extract 

1 2 345 6789 

2&6 Total translation products 

3& 7 PreCipitated with preimmune serum 

4&8 PreCipitated with anti-134 serum 

5&9 Same as 4&8 plus excess 134 

FIGURE 8. SOS-PAGE of peptides synthesized from rat spleen mRNA in the reticulocyte (lanes 
1-5) and wheat germ (lanes 6-9) protein-synthesizing systems. Lane 1, 14C-labeled protein 
markers. Lanes 2 and 6, total translation products. Lanes 3 and 7, peptides precipitated with 
preimmune serum. Lanes 4 and 8, peptides precipitated with anti-134 serum. Lanes 5 and 9, 
same as 4 and 8 except that nonradioactive thymosin 134 was added before addition of antibody. 
(From Filipowicz and Horecker, 1983.) 
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FIGURE 9. Coelution of immunoprecipitated translation product and authentic thymosin 134 in 
HPLC. (From Filipowicz and Horecker, 1983.) 
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unlikely to contain specific processing enzymes, as thymosin 134 has been found 
only in vertebrate tissues. The immunoprecipitated product formed with these cell
free protein-synthesizing systems was also characterized as thymosin 134, although 
with the wheat germ system the NH2 terminus was only partially acetylated. 

3.3. Characterization of the mRNA Coding for Thymosin 134 

The synthesis of a peptide containing as few as 43 amino acid residues without 
formation of a larger precursor is a rare event in eukaryotes. It has been demonstrated 
only for the protamines, polypeptides containing 31 amino acid residues present in 
fish sperm. Protamine mRNA has been shown to be small, sedimenting in the 
4-6 S RNA region. The mRNA coding for thymosin 134 belongs to a somewhat 
larger size class, sedimenting with the 7-8 S RNA fraction (Fig. 10). The relatively 
small size of the thymosin 134 mRNA is consistent with the chain length of the 
thymosin 134 molecule. 

4. CONCLUSIONS 

The evidence presented here suggests that thymosin 134 is unlikely to function 
solely or principally as a thymic hormone. Its ubiquitous distribution in vertebrate 
tissues and its high concentrations, approaching 0.1 % of the total protein, suggest 
that it plays some more general role, possibly as a component of the cytoskeletal 
system. Six members of the l3-thymosin family of pep tides have now been identified. 
Thymosin 134 is found in vertebrate classes from amphibians to mammals. Mammals 
contain a second related peptide, thymosin 139 in calf and thymosin 1310 in other 
species. One exception is the rabbit, which contains a variant of thymosin 134, 
designated thymosin I3t1a , and also a variant of thymosin 1310, designated thymosin 
l3f'og. The related peptide found in bony fish, thymosin 13", may be the most 
primitive form. 

Thymosin 134 and thymosin 1310 are synthesized by a variety of cells and do 
not necessarily originate in the thymus gland. They are found in high concentration 
in tissues of athymic (nulnu) mice. Thymosin 134 is synthesized directly from a 
relatively small mRNA, without formation of a larger polypeptide precursor. This 
mechanism of synthesis, similar to that reported for protamines, is consistent with 
a function as a structural element, and is not shared by any of the known polypeptide 
hormones. 

Although the function of the l3-thymosin family of peptides remains unknown, 
their wide distribution, high tissue concentrations, and remarkable conservation of 
primary structure suggest that they playa vital role in the physiology of the cell. 

ACKNOWLEDGMENTS. The author gratefully acknowledges the hard work and major 
contributions of the following colleagues: Ewald Hannappel developed the iso
electric focusing and HPLC procedures for the isolation of peptides from thymosin 
fraction 5 and from fresh calf thymus and was the first to isolate thymosins 138 and 
139 and establish their structures. Gen-jun Xu, Ewald Hannappel, James Hempstead, 
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and Gregory Goodall showed that thymosin 134 was widely distributed in rat and 
mouse tissues and cells and that a variety of cell types were capable of synthesizing 
thymosin 134' Susan Erickson-Viitanen, with Silverio Ruggieri and Paolo Natalini, 
established the wide distribution of thymosin 134 in the vertebrate kingdom and 
established the structures of the new variants, thymosins 13\0, 1311, 13:-la , and MJg , 

and their distributions in vertebrate species and classes. Aleksandra Wodnar Fil
ipowicz demonstrated that thymosin 134 was synthesized directly from a relatively 
small mRNA species. 
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The Finding and Significance of 
Spermidine and Spermine in 
Thymic Tissue and Extracts 

KARL FOLKERS and HONG-MING SHIEH 

1. INTRODUCTION 

8 

Several years ago, I (K.F.) listened to a lecture by Allan Goldstein on the thymic 
hormones, and he inspired me to initiate research in this field. I am pleased to 
thank and acknowledge Allan for his inspiration and leadership in the complicated 
research on the thymus and the immune system. After my initiation of efforts to 
isolate thymic hormones, I was also significantly influenced by the research of 
Nathan Trainin and his group in this field. 

To isolate a thymic hormone, one needs a biological assay to guide the multiple 
fractionations. Kook and Trainin (1974) had reported on the control of cellular 
cAMP levels which was observed by fractions of their THF, and they believed that 
THF is a hormone with an action mediated by cAMP. On this basis, we chose the 
stimulation of cAMP as one in vitro assay which could guide our chemical frac
tionation to a thymic hormone. 

2. GLUTATHIONE 

We extracted bovine thymus and extensively fractionated the extracts as guided 
by a cAMP assay. The isolation steps led us to a peptide which was unexpectedly 
identified as glutathione (Folkers et al., 1980a) which is a very well-known tri
peptide: 

KARL FOLKERS and HONG-MING SHIEH • Institute for Biomedical Research, The University 
of Texas, Austin, Texas 78712. 

89 
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C02H 

I 
HCNH2 

I 
CH2 

I 
CH2 CH2SH 

I I 
0=C-NHCH-CONHCH2C02H 

The isolated and purchased glutathiones showed unambiguous stimulation of cAMP 
at 1, 10, 20, 40, and 100 .... g/ml with a significance of p < 0.05-0.01. Glutathione 
showed no activity in the mixed lymphocyte assay, but did show activity in the T
rosette assay. 

It was credible that glutathione might be present in Allan Goldstein's fraction 
5, and in the fraction which Kook, Yakir, and Trainin had designated as "CTO" 
(Rotter and Trainin, 1979). The possible presence of glutathione in fraction 5 and 
"CTO" seemed important, because both of these crude materials had been clinically 
investigated. 

Glutathione is known to be a coenzyme. It was proposed that glutathione may 
function in transport of amino acids across membranes (Miura and Metzler, 1976). 
Such transport and the reported essentiality of L-alanine (Rotter et al., 1979) for 
human leukocytes to respond to mitogenic and allogeneic stimulation indicated that 
glutathione might be functional in the complex immune systems. 

3. A NEW ASSAY BASED ON LYMPHOCYTE STIMULATION 
(THE "PL" ASSAY) 

After the unexpected isolation of glutathione as based on an assay lacking 
sufficient specificity, we sought a new in vitro method to guide our continuing 
fractionation. The use of spleen cells (T and B lymphocytes) from neonatally 
thymectomized mice appeared fundamental for our purpose. The measurement of 
the incorporation of [3H]thymidine into DNA allowed quantitative measurements. 
The use of Con A for preliminary mitogenic stimulation of the spleen cells appeared 
to be undesirable, because the known chemical heterogeneity of Con A could lessen 
quantitation. If a thymic hormone directly stimulated the incorporation of [3H]thymidine 
into DNA by spleen cells, this method might provide an excellent quantitative assay 
after standardization of all the steps. There was a background in this field for this 
method, as exemplified by the following four citations: Trainin et al. (1975), Houck 
et al. (1971), Caspary and Hughes (1972), and Kiger et al. (1977). 

We found that direct stimulation of the incorporation of [3H]thymidine into 
DNA by the immunoincompetent lymphocytes of spleen cells from neonatally 
thymectomized mice actually provided a reliable, quantitative, in vitro assay which 
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allowed convincing standardization. We used this assay to monitor hundreds of 
fractions and achieved isolations of thymones A and B (Folkers et al., 1980b,c) 
and a high purification of thymone C (Folkers et al., 1981). 

4. ASSAY OF KEY SAMPLES 

We assayed some key materials in this field: 

1. Thymosin fraction 5 (kindly provided by Drs. Goldstein and Low) was 
inactive at levels of 1-250 f..Lg/ml. 

2. Synthetic thymosin (Xl was inactive at levels of 0.001-50 f..Lg/ml. 
3. Synthetic FTS (thymulin) was inactive at levels from 10-6 to 50 f..Lg/ml. 
4. Glutathione was inactive at levels of 0.3-30 nM. 
5. Of particular interest, "CTO," which we prepared as described in a pub

lication by Rotter and Trainin (1979), did show activity at 10 f..Lglml (p < 0.05) 
and at 50 f..Lg/ml (p < 0.00 I). Our assay was published in 1982 (Stepien 
et al.). 

5. THYMONE A 

Bovine thymus was our source tissue and we used the assay for the proliferation 
of lymphocytes. Diverse sequences and series of steps were explored during the 
fractionation toward the isolation of one or more active factors or hormones. 

After eight steps of fractionation, we isolated a preparation of thymone A 
(Folkers et al., 1980b). This preparation was identified by single spots in three 
electrophoretic systems. The preparation was active at a range of 10-100 ng, and 
it showed activity in the cAMP assay at 1 f..Lg. Trypsin destroyed the activity of 
the preparation, and amino acid analysis revealed up to 14 amino acids: Asp, Glu, 
Gly, Ala, Val, lIe, Leu, Pro, Ser, Thr, Met, Lys. Arg. His. This analysis indicated 
a total of 68-71 amino acids which would have a molecular weight of 7291-7677. 
The molecular weight estimated using Bio-Gel P-6 was about 6000. 

We concluded that thymone A may be a functional hormone, or it may be a 
prohormone which has activity. The chemical and biological properties of thymone 
A differentiated it from other peptides, purified or isolated, as described by other 
investigators in this field. 

6. THYMONE B 

During the multiple fractionations which led to thymone A, an activity in other 
fractions, which were widely separated from those containing thymone A, was 
increasingly observed. These fractions ultimately yielded a different substance in 
essentially pure form which was designated thymone B (Folkers et al., 1980c). 
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Thymone B was present in lower concentrations than was thymone A, and 
was correspondingly more difficult to isolate in a pure state, and the paucity of the 
substance greatly restricted the initial chemical and biological determination of its 
properties. Thymone B showed essentially single spots by TLC in three solvent 
systems and a single spot by electrophoresis in one system. This preparation of 
thymone B appeared to be essentially pure. 

Thymone B showed activity at 100 ng and at 100 j.Lg in the assay for the 
proliferation of lymphocytes, and showed activity in an assay for cGMP, but not 
in an assay for cAMP. Trypsin destroyed the activity of thymone B. The preparation 
contained up to 13 amino acids: Asp, Glu, Gly, Ala, Val, De, Leu, Ser, Pro, Thr, 
His, Lys, Arg. The molecular weight appeared to be considerably less than the 
value of about 6000 for thymone A. 

Repetition of our chemical fractionations and bioassays which revealed thy
mones A and B also revealed the presence of another biologically active entity 
which was designated thymone C. 

7. THYMONE C 

Thymone C was obtained as a highly purified fraction after about 10 steps of 
fractionation. This preparation of thymone C showed activity in the assay for cGMP 
and for cAMP. The preparation was active in the mixed lymphocyte assay. 

By this time, other investigators had described fractions of biologically active 
entities from thymic tissue, lymphocytes, and other tissues, including Baker et al. 
(1980) on a T-cell growth factor; Dabrowski et al. (1980) on a calf thymic hormone; 
Lenfant et aL. (1980) on a spleen-derived immunosuppressive peptide; and SOder 
and Emstrom (1980) on a thymocyte-specific growth factor. 

The chemical nature of thymone C can be related to or differentiated from 
these cited and uncited studies by other investigators when thymone C is finally 
characterized. 

8. SPERMINE AND SPERMIDINE 

During these fractionations which yielded thymones A, B, and C, some frac
tions were obtained which were strongly inhibitory and showed a dose-response 
relationship. An inhibitory activity appeared to conflict with the stimulatory activity 
which had been observed in the assay on the proliferation of lymphocytes. This 
conflict between inhibition and stimulation led to the design of fractionations to 
isolate the inhibitory substance. Ultimately, the inhibitory substance was found to 
be at least dual and we identified spermine and spermidine, apparently for the first 
time from thymic tissue. 

Spermine and spermidine are well-known polyamines. Pure and authentic 
spermine was active in the assay at 10 IJ.g/mI. Spermidine was active at 1 IJ.glmI. 
NI-acetylspennidine [CH3CONH(CH2)3NH(CH2)4NH21 was active at 10 IJ.glml and 
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,vs-acetylspermidine [NH2(CH2)3NH(CH2)~HCOCH3] was active at 1 j.Lg/ml. Pu
trescine [NH2(CH2)~H2]' agmatine [NH2C(NH)NH(CH2)~H2]' and acetylputres
cine [CH3CONH(CH2)~H2] were inactive. 

The conclusive organic chemical evidence for the presence of spermine and 
spermidine in thymic extracts raises new questions on the possible importance of 
these polyamines to mechanisms of immunoregulation. Mitogen activation of po
lyamine synthesis in human T lymphocytes has been described. Polyamine synthesis 
is believed to occur early in lymphocyte activation. Investigators in this field may 
not often or ever have considered the participation of polyamines and their con
jugates. I wonder if there is a relationship between these amines and conjugates 
and the studies by Djerassi, and by Blazsek et al., according to their presentations 
in this symposium. 

9. POLYAMINES IN THYMOSIN FRACTION 5 

Fraction 5 of Allan Goldstein and his co-workers has been clinically studied 
rather extensively, and we thought it might be important to know whether spermine 
and spermidine were constituents of fraction 5. We had observed during the de
velopment of our in vitro assay that levels of fraction 5 up to 250 j.Lglml did not 
stimulate lymphocyte Pf9liferation, but at a level of 500 j.Lglml, fraction 5 was 
inhibitory, and such inhibition indicated the possible presence of spermine and 
spermidine in fraction 5. By a new analysis, we found that fraction 5 contained 
0.013% of spermidine and 0.11% of spermine (Kubiak et al., 1982). We had to 
devise an assay for these polyamines, and we based the assay on the tri- and 
tetradansyl derivatives of spermidine and spermine, respectively. 

Glutathionyl-spermidine occurs in E. coli (Tabor and Tabor, 1975) and there 
is a diverse literature on the probable existence of other peptidic derivatives of these 
polyamines. Consequently, we subjected fraction 5 to acid hydrolysis after receiving 
more gifts of this fraction from Dr. Allan Goldstein and Dr. Teresa Low. We found 
that 50% of the spermidine was apparently present as a "covalently linked conju
gate." 

10. TWO PERSPECTIVES 

At this stage in our research, two perspectives became apparent which could 
be of clinical importance. These are: 

1. The presence of spermine and spermidine and a "covalently linked con
jugate" of spermidine in fraction 5 may diminish overriding stimulating 
effects of this fraction on T cells in immunocompetence in patients. 

2. A fraction free of polyamines and their conjugates should be tested in 
patients to enhance immunocompetence. 
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11. SYNTHESIS OF MODEL PEPTIDYL-POLYAMINES 

According to our search of the literature, synthesis of peptidic derivatives of 
spennine and spennidine seems never to have been achieved. Consequently, we 
are now synthesizing peptidyl-polyamines. 

I thought we should select one of the thymic peptides of known sequence 
rather than just any peptide to link to spennine. Bach's FrS, or thymulin: 

pGln-Ala-Lys-Ser ,Gln,Gly ,Gly ,Ser ,Asn-OH 

which is a known nonapeptide, appeared to be ideal for our first synthesis, and we 
have apparently successfully synthesized the nonapeptidyl-spennine having the 
structure: 

pGln-Ala-Lys-Ser ,Gln,Gly ,Gly ,Ser ,Asn-NH(CH2)3NH(CH2)~H(CH2)3NH2 

Next, we chose thymosin 134, which has 43 amino acids, because it is consid
erably larger than FrS and because of the ubiquitous occurrence of thymosin 134, 
as reported by Hannappel et al. (1982). 

Presently, we are conducting synthetic reactions to achieve the covalent bond 
between the C-tenninal of thymosin 134 and one amino group of spennine. 

We are also testing for an effect of the nonapeptidyl derivative of spennine 
in the assay for the proliferation of lymphocytes. Before the test, we considered 
that the peptide would more likely be inhibitory than stimulatory, and such seems 
to be the case, but I do not yet have final data. 

In conclusion, I was seeking stimulatory thymic substances at the start of this 
research. Our finding the inhibitory polyamines was unexpected. Spennine and 
spennidine and their naturally occurring conjugates in the thymus may be essential 
to immunoregulation. 

12. SUMMARY 

Bovine thymus was fractionated toward isolation of thymic honnones. Guid
ance by a cAMP assay unexpectedly led to the isolation of glutathione. The presence 
of glutathione in thymic extracts, its known role as a coenzyme, and its function 
in transport of amino acids across membranes indicate that glutathione could be 
functional in immune systems. Using a new in vitro "PL" assay based on the 
incorporation of [3H]thymidine into DNA by spleen cells from neonatally thymec
tomized mice, led to the isolation of thymones A and B and the high purification 
of thymone C. The PL assay not only revealed these stimulatory thymones, but 
potent inhibitory substances which were isolated and identified as spennine and 
spennidine. These inhibitory substances in the thymus may have growth-controlling 
roles in mechanisms of immunoregulation. The presence of both stimulatory and 
inhibitory substances in the thymus indicates possible interrelated growth-promoting 
and growth-limiting mechanisms of immunoregulation. 
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Synthetic Small Thymic Peptides 
An Immunoregulatory Concept 

CHRISTIAN BIRR 

1. INTRODUCTION 

9 

In 1976 we had started to collect human thymic tissue for the isolation and structural 
elucidation of immunoregulatory proteins. Specialized in protein chemistry and 
peptide synthesis (Birr, 1978, 1980), however, we immediately initiated the total 
synthesis of thymosin al when the sequence of this polypeptide consisting of 28 
amino acid residues was published in 1977 (Goldstein et aZ.). Our methodological 
know-how in the synthesis of polypeptides rich in trifunctional amino acids furnished 
the total synthesis in solution of thymosin al within 2 years (Birr and Stollenwerk, 
1979) including one less successful trial for the synthesis of the polypeptide. 

2. SYNTHETIC THYMOSIN a1 

By the utilization of the Ddz-amino acids (Birr, 1972) we have performed the 
total synthesis of thymosin al (Fig. 1) in a stepwise manner starting from the C
terminus of the polypeptide chain. Related to the synthesis strategy with Ddz-amino 
acids, most of the trifunctional amino acids were protected on their side functions 
by the tertiary butyl protecting group. Five small-sized peptide fragments were 
synthesized by the repetitive use of excess Ddz-amino acid mixed anhydrides (Birr 
et al., 1979a). These intermediate fragments I-V again were combined to each 
other in a straight stepwise manner, furnishing the medium-sized polypeptide frag
ments VI, VII, and VIII. As can be seen in Fig. 1, the fully protected sequence 
IX of thymosin a) was obtained in 52% yield condensing fragment I with fragment 

CHRISTIAN BIRR. Max-Planck-Institut fur Medizinische Forschung, and Organogen, Medizinisch
Molekularbiologische Forschungsgesellschaft m.b.H., D-6900 Heidelberg, Federal Republic of Ger
many. This chapter is dedicated to the memory of Ulrich Stollenwerk and Erhard Gross, excellent 
scientists and close friends. 
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VIII by the aid of dicyclohexylcarbodiimide/l-hydroxybenzotriazole (Konig and 
Geiger, 1970), which was the method of choice for all fragment couplings through
out the total synthesis. In three well-defined steps the fully protected form of 
thymosin <XI was converted into the free immunoregulatory polypeptide with 90% 
overall yield. In this respect we would like to acknowledge the total synthesis of 
Su-Sun Wang and others of thymosin <X I, which was published a few months earlier 
(Wang et al., 1979) indicating a final yield of thymosin <XI of 9.2%. Furthermore, 
our strategy of the synthesis of thymosin <XI resulted in five molecular elements of 
the parent compound ready for detailed studies of the immunoregulatory properties 
of the individual portions in thymosin <X I. From physicochemical data (Birr et al., 
1979b) and from structural calculations (Chou and Fasmann, 1978) we estimated 
that the C-terminal portion of thymosin <XI (residues 17-28) has a helical structure, 
whereas the N-terminal part 1-16 is random. A closer inspection of the C-terminus 
shows that the helix contains an amphiphilic character with the orientation of 
lipophilic amino acids mainly on one side of the helical wheel and the more polar 
residues opposite to them. This together with the flexible random N-terminal portion 
renders a close interaction of thymosin <XI with polar structural elements in a 
lipophilic membrane environment on the cell surface. From this point of view the 
question is fascinating how the individual structural elements from the helical area 
and from the random part of thymosin <XI contribute to the immunoregulatory 
property of the thymic polypeptide. 

Already in the beginning of our study for the total synthesis of thymosin <XI 

we had collected some information about possible immunoregulatory properties of 
small portions of thymosin <XJ, because our first trial of the synthesis (12% end
product yield) ended in a very impure material containing at least five sections of 
thymosin <X I. Immunologically, this composition of small portions of thymosin <X I 

showed already a surprising biological activity in the <x-amanitine-inhibited E-rosette 
assay (Birr et al., 1979b). In Table I the biological activities in this assay are 

TABLE I. BiOlogical Activity of Thymosin ala 

Thymosin al 
Natural 

Synthetic pure Synthetic impureb thymic proteins' 

[C)d % [c) % [c) % 

5.00 33 1.00 55 6.25 IO 
2.50 57 0.50 39 3.12 67 
1.00 64 0.25 48 1.25 100 
0.50 100 0.13 48 0.62 62 
0.25 39 0.06 3 0.31 6 

• Comparison of synthetic pure thymosin aI, an impure preparation contain
ing five additional sections of the parent molecule, and a natural protein 
mixture from calf thymus in the E-rosette assay with a-amanitine inhibition 
on human peripheral T lymphocytes. (For the assay see Birr et al., 1981b.) 

• Contains synthetic fragments. 
, According to H.-G. Manke similar to TP-l (Serono). 
d Concentration iJog/2OO iJol cell culture. 
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compared between synthetic pure thymosin ab the earlier impure preparation con
sisting of five molecular sections and thymosin a I, and a thymic polypeptide mixture 
isolated from organ tissue. Surprisingly enough, 1 f.Lg/2OO f.LI of the impure synthetic 
preparation restored the E-rosette response to 55%. Pure thymosin al restores the 
full E-rosette response at 0.5 f.Lg/cell culture. From this early result we were able 
to deduce how those small peptides might exhibit immunoregulatory properties. In 
our opinion the biological activity of thymic peptides in this modified E-rosette 
assay is a most interesting and provocative biological phenomenon. As described 
in more detail elsewhere (Birr et al., 198Ib), in this assay peripheral T-Iymphocyte 
popUlations are preincubated with a-amanitine. This mushroom toxin is a most 
potent RNA polymerase B inhibitor active at 10-9 M concentrations in cell cultures. 
In T lymphocytes this inhibitor temporarily blocks protein biosynthesis, resulting 
in a less differentiated state of the cells, as determined by the disappearance of cell 
surface markers like the E-receptor and others. After 13 hr incubation with the 
inhibitor, the E-rosette count of the T lymphocytes drops from 65% to 25% on the 
average. The cells then are briefly washed and stimulated with thymosin al or small 
thymic peptides for 1 hr at 20°C. Addition of sheep red blood cells restores the 
original number (or close to it) of E-rosettes, indicating the restart of the ribosomal 
protein biosynthesis of the E-receptor by the action of thymic peptides on the cell 
surface. It is an open question how the temporary blockade by a-amanitine of the 
protein synthesis is released by thymic peptides. From earlier investigations it is 
known (Vaisius and Wieland, 1982) that a-amanitine forms a ternary complex with 
polymerase B and the RNA dinucleotide, locked in this state of elongation by the 
inhibitor. From other studies it is known (Vaisius and Horgen, 1980) that inorganic 
bivalent cations can disintegrate this inhibiting complex. It is our working hypothesis 
that small thymic peptides of polycationic nature might follow the same mechanistic 
routes. From our point of view this scientific phenomenon will be further elucidated 
by the detection of general signal sequences in small thymic peptides. 

3. SYNTHETIC ELEMENTS AND ANALOGS OF THYMOSIN a1 

Based on our experiences in the total synthesis of thymosin a I we have repeated 
the synthesis of small intermediate fragments I-V (see Fig. I) to collect further 
information on the immunoregulatory properties of these individual portions of 
thymosin al. In this series of studies we have first modified fragment I by exchange 
of acetyl serine for free lysine in position I. In addition we have constructed analogs 
of fragments IV and V with -y-carboxylglutamyl residues in position 24 and 25, 
respectively. In this way we were not only in a position to study the influence of 
the individual thymic peptides with altered ionic charges in the N- and C-terminal 
portions but also to synthesize a thymosin al analog containing a pair of -y-car
boxylglutamyl residues in position 24 and 25 (Krueck, 1984). Our guiding idea 
was to construct a thymosin al variant with calcium complexing properties. Indeed, 
Gla24,Gla25-thymosin al in the presence of Ca2+ changes its biological activity 
compared to the parent molecule in the mixed lymphocyte culture and also in the 
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u-aminitine-inhibited E-rosette assay (Table II). Furthermore, it is worth mentioning 
that we can reconstitute thymosin Ul by decarboxylation of the Gla24,25 analog. 

Most interesting are the immunological activities of the individual sections 
I-V of thymosin Ul and of the analog mentioned (Birr et al., 1981a,b; Ciardelli et 
at., 1981). Though conventional immunological assays like the E-rosette assay and 
the mixed lymphocyte culture do not yield very consistent data, we have observed 
the common trend that N-terminal portions of thymosin Ul show an increased 
stimulatory activity in the E-rosette assay, whereas the C-terminal portions show 
a drastically increased stimulatory activity in the mixed lymphocyte culture. Most 
active in our E-rosette assay, however, was fragment I (1-6) in which the position 
of acetyl serine was exchanged for free lysine. This finding of an increase in the 
immunostimulatory property by exchange of a noncharged residue (acetyl serine) 
for a bivalent cationic lysine (vide supra) forced us to initiate a whole study on this 
influence of N-terminallysyl residues in small thymic peptides. 

Thymosin Ul in its sequence contains four lysine residues in positon 14, 17, 
19, and 20, located in the C-terminal half of the polypeptide chain. We like to 
recall that this portion of the molecule mainly is constituted from helix-forming 
amino acids. On the other hand, the C-terminal fragments IV and V of thymosin 
Ul showed strong stimulatory properties in the mixed lymphocyte culture. We 
therefore subdivided the C-terminal region spanning from positions 17 to 28 into 
11 overlapping peptides to collect further information on a molecular signal hy
pothesis related to ionic charges for a possibly structure-dependent regulation of 
the immune balance expressed in T-Iymphocyte subset proportions. As described 
elsewhere (Ciardelli et at., 1982), we have synthesized the fragments as presented 
in Fig. 2 starting from the fragment 20-24 of thymosin-ul. N- and C-terminally, 
this central sequence was extended in a stepwise fashion by mixed anhydride 

TABLE II. Biological Activity of Gla24,Gla25_ 

Thymosin 0:1 

Synthetic thymic 
Assay Ia Assay lIb 

polypeptides % [e)" % [e] 

Gla24.25 -thymosin a I 21 5.0 66 0.5 
Gla24,25-thymosin al (Ca2+) 38 0,5 95 2,5 
Thymosin al 41 0,5 76 0,5 
Thymosin aid 26 0,5 60 0,5 

• Excess human peripheral mixed lymphocyte response (%) to 
Gla",Gla"-thymosin III with and without Ca2+ and compared to 
the parent compound, (Blank responses are set to 0%; for the assay 
see Birr el al., 198Ib.) 

• E-rosette assay with Il-amanitine inhibition (0.2 fLg/200 fLl) on hu
man peripheral T lymphocytes in the presence of Gla" ,Gla"-thy
mosin III with and without Ca2+ and compared to the parent com
pound. [Relative scale; inhibited E-rosette number (blank response) 
is set to 0%; the normal E-rosette count without inhibitor is set to 
100%.] 

, Sample concentration fLg/200 fLl at maximum response, 
d Foreign source. 
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FIGURE 2. Synthesis of 11 small thymic peptides overlapping the C-terminal region 17-28 of 
thymosin Ol, (Ciardelli et a/., 1982). The Ddz-protective group used throughout the synthesis is 
3,S-dimethoxyphenyl-2,2-propyloxycarbonyl (Birr, 1972). 

synthesis with Ddz-amino acids. In this way we obtained a series of synthetic small 
thymic peptides mainly showing a lysyl residue at the N-terminus (Fig. 2). These 
structures together with the lysyl analog of fragment I, Lys-Asp-Ala-Ala-Val-Asp, 
and thymosin al were comparatively investigated for immunological in vitro ac
tivities in three assay systems, namely the azathioprine E-rosette inhibition assay, 
the a-amanitine-inhibited mixed lymphocyte culture, and the a-amanitine E-rosette 
inhibition assay (Ciardelli et al., 1981, 1982; Birr et al., 1981b). The results of 
these assays are presented in Table III. 

4_ BIOLOGICAL ACTIVITIES OF THYMIC PEPTIDES 

Six of the investigated structures showed activities in the azathioprine E-rosette 
inhibition assay similar or even better than thymosin aJ, which is active in this 
assay at about 1~ M. It may be of significance that five of the eight structures 
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TABLE III. Biological Activities of Peptide Sections from Thymosin 0:,8 

Position Sequence EA, [M] MLCAm (%) EAm (%) 

17-24 KEKKEVVE 10-7 58 37 
18-24 EKKEVVE 10-5 60 53 
19-24 KKEVVE IA 64 15 
20-24 KEVVE 10-5 56 31 
21-24 EVVE IA 49 35 
20-25 KEVVEE I~ 28 42 
20-26 KEVVEEA IA 90 12 
20-27 KEVVEEAE I~ 34 
20-28 KEVVEEAEN 10-5 51 15 
25-27 EAE IA 94 35 
25-28 EAEN IA 88 42 
1'-6 KDAAVD IA 28 66 
Thy <Xl Ac-SDAAVDTSSEITTKDL- I~ 100 100 

-KEKKEVVEEAEN 

• Biological activities of structural elements of thymosin a, as compared in three assay systems. E", [MJ. azathioprine 
E-rosette inhibition assay; activity is expressed as the lowest molar concentration [MJ of peptide inducing in immature 
mouse spleen cells the rosetting ability sensitive to azathioprine inhibition. MLCAm (%). mixed lymphocyte culture 
from human peripheral T lymphocytes; stimulator cells are blocked with mitomycin C. responder cells are preincubated 
with a-amanitine. Results are excess stimulation (%) over the blank MLCAm response effected by thymic peptides; 
the effect of thymosin a, is taken as 100% (Birr et al .• 1981b). EArn (%). E-rosette assay with a-amanitine inhibition 
on human peripheral T lymphocytes. Results are percent restoration to normal of the rosetting ability with sheep red 
blood cells in aT-cell culture preincubated with a-amanitine. Full restoration of the normal E-rosette number is 
effected by thymosin a, (100%); the blank response is set for 0% (Birr et al., 1981b; CiardelJi et al., 1982). 

beginning N-terminally with lysine exhibit activity while of the four peptides be
ginning N-terminally with glutamic acid only one was active. The occurrence of a 
basic-acidic-lipophilic sequence of amino acids in thymus-derived peptides and its 
relationship (Birr et al., 1981a,b) to activity in E-rosette assay systems have been 
discussed by us and subsequently by R. Geiger (personal communication, 1980). 
The active pentapeptide of the thymopoietins I and II (regions 32-36, TP-5) (Gold
stein et al., 1979), Arg-Lys-Asp-Val-Tyr, incorporates such a relationship and does 
show activity in certain E-rosette assay systems (Nash et al., 1981; Abiko et aI., 
1980a-c) including one involving azathioprine inhibition (Verhagen et al., 1980). 
Longer portions of thymopoietin containing the entire pentapeptide showed activity, 
while those containing only a part of the pentapeptide sequence possessed no activity 
(Abiko et al_, 1979a,b). Removal of one or more of the N-terminal basic residues 
resulted in inactive peptides, whereas substitution of residues afforded varying 
results depending on the assays employed (Abiko et al., 1980a-c). However, in 
no case was a peptide found to be active that did not contain a 
basic-basic-acidic-lipophilic-lipophilic amino acid sequence. In our study, seven 
of the peptides beginning N-terminally with lysine contain at least one 
basic-acidic-lipophilic sequence. As stated, five of these peptides were active in 
the assay. Of the five fragments beginning N-terminally with glutamic acid, three 
were inactive and did not possess a basic-acidic-lipophilic sequence. The single 
active N-terminal glutamic acid fragment (18-24) did include such a sequence. The 
failure of the fragments (19-24) and (20-26) containing one or a pair of lysines 
N-terminally to show activity is difficult to interpret in particular with respect to 
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the finding of others via an N-terminal basic-basic sequence character. The re
quirements for activity in this assay system are certainly more subtle than this simple 
relationship. A correct spatial electronic presentation, essential for binding in a 
receptor and eventually in the release mechanism for the u-amanitine blockade, is 
dependent on both sequence and conformation, the latter being subject to other 
allosteric influences. 

At first appearance, FrS does not seem to contain such a sequence relationship 
at all, yet it is highly active in the azathioprine E-rosette assay. Recently, however, 
a pentapeptide sequence essential for activity in this assay has been reported for 
FrS (Imaizumi et ai., 1981). This peptide fragment 3-7 of the FrS sequence Lys
Ser-Gln5-Gly-Gly does begin N-terminally with lysine followed by hydrophilic and 
then more lipophilic amino acid residues. It is of additional significance that an 
FrS analog containing glutamic acid substituted for glutamine in position 5 retains 
full biological activity while substitution by the lipophilic amio acid norvaline at 
the 5 position results in an inactive analog (Blanot et ai., 1979). Therefore, FrS 
and particularly the Glu-5 analog may, in fact, be related to the previously mentioned 
thymus-derived peptides through sequence similarities. All these comparisons ev
idently support the suggestion that a basic-acidic-lipophilic sequence of amino 
acids is of significance in the interaction of small thymus-related peptides with T 
cells. It is a most essential question as to whether specific subsets of peripheral T 
lymphocytes are stimulated by those signal molecules. 

5. DISCUSSION AND HYPOTHESES 

On comparison of the data from the azathioprine E-rosette inhibition with those 
from the mixed lymphocyte cultures (see Table III), it is obvious that sequences 
inactive in the first assay, surprisingly enough, show significant activity in the 
second one. This latter investigation was performed on human peripheral T-cell 
populations. We can assume that all responder populations in this assay are main
tained in an immature state of differentiation by the inhibition of protein biosynthesis 
by u-amanitine. Addition of those peptides, which were found inactive (IA) to 
restore spleen cell sensitivity to azathioprine (first assay), does sensitize cells in the 
mixed lymphocyte culture for cellular stimulation by lymphocytes. On the other 
hand, the same peptides alone, in the absence of cellular antigens, are scarcely 
active to stimulate u-amanitine-inhibited T lymphocytes in the E-rosette assay (fifth 
column, Table III, entries 3, 5, 7, 10, and 11). For the mixed lymphocyte culture 
response this means, in conclusion, that these active peptides stimulate one specific 
subgroup possibly of the mitomycine-inhibited stimulator cells in the mixed lym
phocyte culture, most probably nonlytic T-helper cells (Baker et ai., 1979; von 
Boehmer et ai., 1979), to become responsive to the triggering allogeneic lympho
cytes. 

The opposite arguments can be used to explain the action of peptides found 
as active as thymosin UI in the azathioprine E-rosette inhibition assay. It is obvious 
from the results of the mixed lymphocyte culture (see Table III, fourth column) 
that these peptides which do contain the basic-acidic-lipophilic sequence character 
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seem to function as a soluble growth factor for a cytolytic subset of T lymphocytes 
in the responding cells, stimulated by the cellular antigens in the mixed lymphocyte 
culture. These growth factor-like activities result in general proliferation, as also 
can be seen in the E-rosette assay with released <x-amanitine inhibition (Table III, 
fifth column). This proliferation in the mixed lymphocyte culture is accompanied 
by the destructive action of cytolytic T lymphocytes. It effects in summary less 
than 50% increase of the counts as measured by [3H]_ TdR incorporation in the 
mixed lymphocyte culture (Table III). 

6. THE IMMUNOREGULATORY CONCEPT 

The biological activity of peptides representing C-terminal structural elements 
of thymosin <Xl in three independent assay systems, performed with different blood 
samples at different times (Table III, indicates that under the assay conditions 
described (Birr et al., 1981b), one specific T-Iymphocyte subset is responding to 
the molecular signal peptide added. Those structural elements of thymosin <XI that 
are active in the azathioprine E-rosette assay seem to stimulate the mixed lymphocyte 
culture response of suppressive cytolytic T-Iymphocyte subsets. Sequences inactive 
in the azathioprine E-rosette assay do stimulate another T-Iymphocyte subset, most 
probably the nonlytic T-helper lymphocytes. In this sequence of speculations, our 
results from the <x-amanitine-inhibited E-rosette assay (Table III) should be judged 
as control experiments. We recall that in this assay, human peripheral T-Iymphocyte 
populations are first preincubated with <x-amanitine inhibiting the polymerase, before 
the cellular protein biosynthesis is restarted by the thymic peptide added. 

Our finding of a variety of different immunodulatory active structural elements 
located along the sequence of thymosin <XI suggests an immunoregulatory concept 
based on small thymic peptides. 

The occurence ofthymosin <XI in the standardized preparation named thymosin 
fraction 5 (Hooper et al., 1975) is already the result of an enzymatic degradation 
of a precursor molecule extended at the C-terminus by at least five amino acids 
(Seipke, Hoechst AG, workshop communication, 1982). There are pharmaceutical 
drugs on the market composed of low-molecular-weight peptides resulting from 
random enzymatic processing of thymic proteins, which we found as active as 
thymosin fraction 5 in the mixed lymphocyte culture and our E-rosette assay (Birr, 
1983). From embryonic calf thymus we have isolated a thymosin <XI precursor 
utilizing the guanidinium salt extraction and high-pressure liquid chromatography 
technique of Hannappel et al. (1982). * The material eluted precisely at the position 
indicated in the literature flanked by thymosin f3Jf39 and f34(OX.) (Fig. 3). From an 
amino acid analysis we calculated the molecular weight of this precursor containing 
one unit of thymosin <XI to be 8360, which is exactly half of the size published by 
Freire et al. (1981). This finding together with the detection of cysteine sulfonic 
acid in the total hydrolysate after performic acid oxidation and of 15 equivalents 
of arginine suggests a dimeric form of the precursor, probably linked by a connecting 

* The excellent advise and technical help of E. Hannappel are gratefully acknowledged. 
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FIGURE 3. HPLC identification of thymosin ()(, precursor in the guanidinium hydrochloride ex
tract of embryonic calf thymus. (Preparative and HPLC conditions are as published by Hannappel 
et al., 1982.) Amino acid analysis of the precursor peak was after sulfoxidation (performic acid, 
4 hr 80°C) and total hydrolysis (6 N HCI, 24 hr 120°C). Molecular weight of the precursorl 
thymosin ()(, unit, 8360. 

peptide prone to enzymatic processing as with the C-peptide in the generation of 
insulin. The isolation of this posttranslational precursor together with the finding 
that most of the immunoregulatory proteins isolated from thymic tissue are acetylated 
at the N-terminus suggest a thymic processing mechanism for the natural generation 
of immunoregulatory signal molecules. It is our working hypothesis that thymosin 
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<Xl and several other thymic polypeptides are molecular storage or carrier forms for 
a variety of signal peptides, which are released from those intermediates by en
zymatic processing. In our view, thymic polypeptides are released from the thymus 
and are selectively degraded further into small feedback signal peptides on the cell 
surface of T-lymphocyte subsets by enzymes specific for cellular differentiation 
(Fig. 4). This generation of peptidic signals regulates the specific subset, or stim
ulates another subclone for proliferation. Both events would stabilize the immune 
balance by the exchange of molecular signals generated enzymatically on the level 
of a cellular interaction. 

THYMUS 

I 
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IIIIIIIIKI , 
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FIGURE 4. Generation of immunoregulatory signal peptides from thymic precursor proteins 
and polypeptides like thymosin Ol, in an enzymatic processing cascade of events connecting 
by molecular feedback the primary immune organs and the secondaries' response. 
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This hypothesis is in best agreement with our finding of many immunologically 
active small peptides comprising portions of thymosin al' As known from inves
tigations of Freire et al. (1978, 1981), the enzymatic digest of thymosin al and its 
precursor results in fragments similar in size and molecular character to our segments 
I-V, utilized in the total synthesis and investigated for individual immunological 
activities. Currently, studies in our laboratory are in progress to verify this concept 
by the aid of an Ortho Cytofluorograph and subset-specific Orthomune antibodies. 

We are confident that several of those peptides investigated by us are of great 
immunotherapeutic potential. Some of them belong to the group of immunophar
macological molecules similar to TP-5, whereas others unquestionably have dif
ferent immunoregulatory properties. 
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Human Peripheral Blood 
Lymphocytes Bear Markers for 
Thymosins (el1' el7, ~4) 
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AURELLA KREZLEWICZ, JOHN L. SEVER, and 
ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

10 

Within a partially purified calf thymic extract tenned thymosin fraction 5 (Goldstein 
et al., 1972), there exist several active polypeptides with distinct immunobiological 
action (Trivers and Goldstein, 1980; Low and Goldstein, 1982). Among those, 
thymosin (Xl affects the early stages ofT-lymphocyte maturation and induces helper 
T cells; thymosin (X7 affects the induction of suppressor T-cell development (Trivers 
and Goldstein, 1980); and thymosin 134 affects the maturation of prothymocytes and 
has a MIF-Iike activity (Low and Goldstein, 1982). 

Using specific antibodies, these thymic polypeptides have been localized im
munocytochemically in the thymic epithelial cells of the human thymus (Dalakas 
et al., 1981a,b; Hirokawa et al., 1982) and have been detected with radioimmu~ 
noassay in the nonnal human serum (McClure et al., 1982; Naylor et al., 1983). 
Although these thymic peptides influence the transfonnation of precursor to more 
mature cells, probably through an intrathymic association, it is not known whether 
they also exert an immunoregulatory role in the periphery and interact with mature 
circulating lymphocytes recognizing antigenic detenninants on their cell surface. 
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In the present study we report that antibodies against thymosins aj, a7, and 
134 immunoreact with a subset of circulating peripheral blood lymphocytes (PBL). 

2. MATERIALS AND METHODS 

2.1. Staining of PBL for Thymosin a1 

Venous blood was collected in heparinized tubes from 15 normal volunteers 
and 16 patients with myasthenia gravis (MG). PBL were separated on a Fi
coll-Hypaque density gradient and T- and B-cell-enriched populations were pre
pared by rosetting with sheep red blood cells as previously described (Dalakas et 
al., 1983). The obtained T-cell fraction contained less than 2% IgM-bearing cells 
and less than 2% esterase-positive cells; the B-cell fraction contained 60-70% IgM
bearing cells and 30-40% esterase-positive cells. Esterase-positive cells could be 
eliminated by their adherence to polystyrene culture flasks in the presence of media 
enriched with fetal calf serum at 37°C. Cells were incubated with one of the 
following antisera: 1 : 10 dilution of antibody against synthetic thymosin a, raised 
in rabbits, normal rabbit serum, rabbit anti-human albumin, and antithymosin a, 
previously absorbed with thymosin a, on an immunosorbent column. The cells 
were subsequently stained with F(ab')z fraction of goat anti-rabbit IgG (Cappel 
Lab), mounted on slides, and observed with a Zeiss epi-illumination fluorescence 
and bright-field microscope. A minimum of 400-500 cells were counted. 

2.2 Staining of PBL for Thymosin a1 and 134 

PBL from 36 individuals of different ages (from 18 to 80) were separated as 
described above. A portion of PBL was incubated with rabbit antisera against 
thymosin 134 and a7 and with normal rabbit serum. Reactive cells were stained with 
FITC-conjugated sheep anti-rabbit IgG (F(ab')z fragment (Accurate Co., Hicksville, 
N.Y.) and analyzed in a flow cytofluorograph FC 200/4800 A (Ortho, Raritan, 
N.J.). A total of 10,000 cells were examined and their background fluorescence 
(defined by the nonspecific reaction of PBL with the normal rabbit serum) was 
subtracted from antibody-specific fluorescence. Results were expressed as the per
cent of positive cells of the total number of counted cells. The other portion of the 
separated PBL was simultaneously stained with the following monoclonal antibodies 
that identify surface membrane markers: OKT3 , OKT4 , OKT8 , laj, OKMj, OKTII 

(Ortho) and anti-IgM (BRL, Bethesda, Md.). 
Immunoreactivity of PBL for thymosin a7, 134, and normal rabbit serum was 

evaluated on (1) total PBL, (2) T- and B-cell-enriched population, and (3) PBL 
depleted of adherent cells, obtained as described above for thymosin a,. 

Antibodies to thymosins a, and 134 were prepared and characterized as pre
viously described (McClure et al., 1982; Naylor et al., 1983). Antibodies to a7 
were similarly obtained (McClure and Goldstein, unpublished data). 
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3. RESULTS 

3.1. Detection of Antithymosin <X1-Reactive PBL 

Only cells with a homogeneous rim pattern or cells with a clearly membrane
associated patchy fluorescence that resembled capping were counted. As previously 
reported (Dalakas et al., 1983), cells (mostly macrophages or monocytes) with 
irregular and scattered spots of staining were not counted because such nonspecific 
staining was also seen when incubation with antithymosin <Xl was omitted. 

As shown in Fig. 1, antibodies to thymosin <Xl immunoreacted specifically 
with T cells (T<Xl)' Twenty determinations on fifteen normal volunteers revealed 
that 1.5 ± 0.3% of the total T cells were stained for thymosin <Xl' In B-cell-enriched 
fractions, 0.1 ± 0.1 % of the cells were positive (Fig. 1). Elimination of adherent 
cells did not alter the number of thymosin <Xl-positive cells. Control antisera did 
not reveal cells with specific staining. 

T<Xl levels were increased (above the 3 S.D. from the mean) in 1 I patients 
with MG (Fig. 1) who had active disease but were within the normal range in five 
patients with asymptomatic disease; from 11 other patients with autoimmune dis
eases, only one with inactive lupus had slightly increased T<Xl (Fig. 1). In patients 
with active MG, the number of T<Xl cells fell within the normal range a few weeks 
after thymectomy (Fig. 2) and this was associated with improvement of the neu
rological function (Dalakas et al., 1983). 
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FIGURE 1. levels of thymosin 0:1-positive T cells (T-0:1) in T- and B-cell fractions of normals, 
myasthenia gravis (M.G.) patients, and other immune diseases;. represents two elderly patients 
and E!7 three previously thymectomized patients, all with symptomatic disease. 
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10 

WEEKS AFTER THYMECTOMY 

FIGURE 2. Levels of Ta1 cells in six MG patients before and after thymectomy. 

3.2. Detection of Antithymosin ex7 and 134-Reactive PBL 

A number of PBL also immunoreacted with antisera to 0.7 (o.TPBL) and 134 
(J34-PBL) (Figs. 3, 4). The absolute number of o.TPBL and J34-PBL was obtained 
by superimposing the histogram of their reactivity to that of cells stained nonspe
cifically with normal rabbit serum and subtracting the difference (Figs. 3, 4). The 
staining pattern of o.TPBL was somewhat different from that of J34-PBL (Figs. 3, 
4). 

As shown in Table I, the number of o.TPBL ranged from 1.02 to 31.81% of 
the total and averaged 5.21 %, whereas the number of J34-PBL ranged from 0.5 to 
19.58% and averaged 5.47%. There was a fluctuation of both o.TPBL and J34-PBL 
on serial examinations in the same person with an individual variation ranging from 
0.2 to 12.4% (average 3.3%) for J34-PBL and from 0.2 to 3.7% (average 1.67%) 
for o.TPBL (Table I) . Although the average number of o.TPBL was similar to that 
of J34-PBL, the number of o.TPBL was generally different from that of J34-PBL in 
the same individual; this difference ranged in all the examined subjects from 0.1 
to 22% and averaged 2.64% (Table I). 

There was no correlation between thymosin-reactive PBL with any of the 
lymphocyte subsets defined by the OKT monoclonal antibodies . Removal of ad
herent cells--confirmed by an 80-90% reduction of the OKM1-positive cells-did 
not change the number of o.TPBL or J34-PBL. The number of PBL reactive with 
antithymosin 0.7 and J34 was essentially unchanged in both the total (unseparated) 
PBL and their T-cell-enriched fraction, suggesting that most of the reactive cells 
were probably T cells. The stained cells within the B-cell-enriched fraction, gave 
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TABLE I. Immunoreactive PBL with Antibodies to Thymosins 
ex? and 134 

Number of reactive PBL 
Antithymosin (36 individuals)a 

Q7 1.02-31.81% 
(5.21 %) 

134 0.5-19.58% 
(5.47%) 

Individual variation 
(serial studies in 9 persons) 

0.2-3.7% 
(1.67%) 

0.2-12.4% 
(3.3%) 

a Differences between a,-PBL and i34-PBL in the same person, ranged from 0.) to 22% 
and averaged 2.64 %. 

bizarrely shaped histograms from which it was impossible to determine whether 
any of the B cells had specifically immunoreacted for thymosin (X7 or (34' 

Obviously, the results obtained with the cytofluorograph for thymosins (X7 and 
(34 cannot be accurately correlated with those obtained by indirect immunofluores
cence for thymosin (Xl because of methodological differences. We have not com
pared the two techniques. 

4. DISCUSSION 

We have demonstrated that antibodies to thymic hormones thymosin (x], (X7, 
and (34 recognize antigenic determinants in a small subset of PBL. By indirect 
immunofluorescence, thymosin (Xl was uniformly distributed on the cell surface of 
a small subset of human T cells but not in B cells or macrophages; with the 
cytofluorograph, a subset of PBL specifically immunoreacted with antithymosin (X7 
and (34' The findings suggest that circulating PBL carry thymic markers. 

The source of thymosins on the PBL is uncertain. Because thymosins (Xl and 
(34 are detected in the normal human serum (McClure et al., 1982; Naylor et al., 
1983), PBL may bind thymosins derived from their respective circulating hormones, 
via specific cell surface receptors. Alternatively, thymosins may have been acquired 
in the thymus by an intrathymic association of lymphocytes with the thymic epi
thelial cells [which contain thymosins (Dalakas et al., 1981a,b, 1983, and Chapter 
11, this volume; Hirokawa et al.. 1982)] before these cells emigrated into the 
circulation. 

The function of thymosin-positive PBL is unknown. It has been suggested that 
thymic hormones act predominantly on postthymic precursor cells, a subpopulation 
of T-cell precursors that have migrated to the peripheral lymphoid organs where 
they undergo further differentiation (Stutman, 1978). Thymic hormones may recruit 
a functionally specific T-cell subset (helper or suppressor) from those precursors, 
depending on the stage of maturation of the precursor cells and the activity of the 
hormone (Goldstein et al., 1978). Because thymosin (Xl recruits helper cells and 
(X7 suppressors (Trivers and Goldstein, 1980), it is possible that (Xl or (XTPositive 
PBL may represent a subset of cells with a helper or suppressor function, respec
tively. Thymosin 134 affects the early stages of T-cell differentiation and inhibits 
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the migration of macrophages (Trivers et al., 1980); P4-PBL may therefore be a 
subset of cells that participate in these functions. Whether thymosin-positive PBL 
play a role in the immune regulation and whether their levels change in several 
immune or neuroendocrine conditions remain to be determined. 

Thymosin aI-positive T cells have been found increased in patients with MG 
and their levels correlated with symptoms (Dalakas et al., 1983), suggesting that 
Tal cells may represent an immunologically competent subpopulation of T cells 
which could playa role in the immunopathogenesis of MG. This is compatible with 
the observation that in the thymus gland of MG patients, there is proliferation of 
epithelial cells which appear to be active and hypersecretory for thymosin al (Da
lakas et al., 1980). 
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Thymosin J34 Is Present in a 
Subset of Oligodendrocytes in the 
Normal Human Brain 

MARINOS C. DALAKAS, RAYMOND HUBBARD, 
GUY CUNNINGHAM, BRUCE TRAPP, 
JOHN L. SEVER, and ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

Thymosin 134, a polypeptide extracted from the original thymosin fraction 5 (Hopper 
et al., 1975), has been characterized, sequenced, and synthesized (Low and Gold
stein, 1981, 1982). Thymosin 134 affects the early stages of T-cell differentiation, 
has a MIF-like activity (Low and Goldstein, 1981), and may playa role in cellular 
immune mechanisms (Hannappel et al., 1982). It has been found in a variety of 
rat and mouse tissue extracts including spleen, thymus, brain, liver, and peritoneal 
macrophages (Hannappel et al., 1982), but its cellular distribution and presence in 
human tissues are unknown. 

The presence of thymosin 134 in tissue extracts of brain as well as lymphoid 
organs prompted us to examine whether thymosin 134, a peptide of thymic origin, 
is a common antigen present in a specific subpopulation of cells in the brain and 
lymphoid tissues. Such information may help us to understand how the brain, 
thought to represent an immunologically "privileged" site, becomes a target of 
several autoimmune mechanisms. 

The immuocytochemical localization of thymosin 134 in normal human and 
monkey brain, liver, spleen, thymus, skin, and cultured peritoneal macrophages is 
the purpose of this report. 
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2. MATERIAL AND METHODS 

We studied the following tissues: (1) normal human thymuses from patients 
undergoing cardiac surgery and human thymuses from patients with myasthenia 
gravis undergoing therapeutic thymectomy; (2) normal human skin from patients 
undergoing above-knee amputation for sarcomas; (3) lymph nodes, liver, spleen, 
and lung from normal rhesus monkeys; (4) normal human, monkey, and rat brain; 
and (5) rhesus monkey peritoneal macrophages cultured for 1-4 days. 

Tissues were fixed in formalin and embedded in paraffin. Six-micrometer-thick 
sections were cut on glass slides, deparaffinized, and stained immunocytochemically 
by the PAP method (Sternberger, 1979). In brief, the sections were incubated with 
the following solutions: (1) 3% normal goat serum in 0.5 M Tris (pH 7.6); (2) 
rabbit anti-synthetic thymosin ~4 from 1 : 50 to 1 : 10000 in the same Tris buffer 
containing 1 % normal goat serum; (3) goat anti-rabbit IgG 1 : 20 in Tris buffer; 
(4) rabbit PAP diluted 1 : 80 in Tris buffer with 1 % normal goat serum; and (5) 
0.01% H20 2 and 0.05% 3,3'-diaminobenzidine HCl in 0.1 M Tris buffer. Selected 
sections were counterstained with hematoxylin and treated with 2% osmium te
troxide. The sections were dehydrated and mounted. For control, tissues were 
incubated with antithymosin (XI and (X7 prepared identically to that of antithymosin 
~4 (McClure et al., 1982) or with normal rabbit serum instead of the primary 
antibody (step No.2). 

Antiserum to synthetic thymosin ~4 was induced in rabbit and characterized 
as previously described (Naylor et al., 1983). 

3. RESULTS 

In the thymus, anti-~4 immunoreacted with cells known as interdigitating 
reticular cells (IDC) (Fig. la) found predominantly in the medulla and cortico
medullary junction and occasionally in the inner cortex (Kaiserling et al., 1974). 
These ~4-positive IDC were distinctly stained and formed a configuration with a 
group of surrounded thymocytes resembling "rosettes" (Figs. Ib,c); their processes 
engulfing the surrounded thymocytes were also immunoreacted and could be vis
ualized at higher magnification (Figs. Ib,c). The cellular distribution of thymosin 
~4 was different from that previously described for thymosin (XI (Dalakas et al., 
1981a,b) which was found in epithelial cells predominantly around Hassall's cor
puscles or forming a large network of long rows. 

In the skin, antithymosin ~4 strongly stained the Langerhans cells and their 
processes (Fig. Id). Peritoneal macrophages immunoreacted with antithymosin ~4 
(Fig. Ie) but the number of positive cells and the intensity of staining varied each 
day from 20% (first day in culture) to almost 100% (4th day). In the lymph node 
and spleen, both macrophages and IDC were stained. In the liver, some of the 
Kupffer cells as well as the dendritic cells around the portal triads immunoreacted 
with antithymosin ~4' 

In the brain, certain cells and their processes in both gray and white matter 
were specifically stained (Fig. 2a); many of these ~4-positive cells appeared next 
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FIGURE 1. (a) Interdigitating cells in the medulla and corticomedullary junction stained spe
cifically with antithymosin 134; (b,c) interdigitating cells form rosettes with engulfing thymocytes; 
(d) Langerhans cells of the skin immunoreact specifically with antithymosin 134; (e) peritoneal 
macrophages and their processes (4th day in culture), demonstrate membrane staining with 
anti-J34' 

to axons with their processes terminating around them. This staining pattern was 
different from that obtained when serial sections were stained with anti-GFAP (Fig. 
2b), suggesting that the thymosin 134-stained cells were not astrocytes. With higher 
magnification, the thymosin 134-positive cells were identified as oligodendrocytes 
because (1) they appeared to extend their stained processes around or along axons 
and their myelin sheaths (Figs. 2d-g) and (2) in longitudinal sections of the white 
matter (corpus callosum, optic nerve, and medulla), they were among those inter
fascicular round ~ells, typical of oligodendrocytes, known to form rows along the 
long tracts (Fig. 2c). The staining was cytoplasmic and the strongly stained processes 
could be traced to the neighboring long tracts of myelinated fibers in both white 
(Figs. 2d-f) and gray matter (Figs. 2g, h). Some of the satellite oligodendrocytes 
and their processes next to neurons were also thymosin 134-positive (Fig. 2h). At a 
certain level of focus, two or three stained processes could be seen terminating on 
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FIGURE 2. (a) Transverse section of spinal cord (edge of gray matter, bottom left, and white 
matter). Several cells and their processes immunoreact with antithymosin (34. Many of the positive 
cells and their processes appear next to axons. (b) Section serial to a stained with anti-GFAP, 
demonstrates that the pattern of staining for astrocytes is different from that obtained with 
antithymosin (34. (c) Longitudinal section of corpus callosum shows that some of the interfas
cicular oligodendrocytes stain specifically for thymosin (34. (d,e) Processes of oligodendrocytes 
surround axons (d) or terminate on them (e). (f) Oligodendrocytes and their processes surround 
at least one axon (transverse section of medulla). At different levels of focusing, these processes 
can be clearly seen terminating at different axons. Stained dark lines and dots represent trans
verse sections of oligodendrocytic processes. (g,h) Transverse sections of gray matter. Satellite 
oligodendrocytes and their processes surrounding axons (PAP, counterstained with hematox
ylin). 
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the surrounding sheaths (Figs. 2d-f), but at different levels of focusing few other 
processes could be seen in the same section. Not all but only a subset of oligo
dendrocytes in gray and white matter were positive with antithymosin 134' 

No species differences were noted in the staining pattern of oligodendrocytes 
in rat, monkey, or human brain. With rabbit antisera against the two other small 
polypeptides from the original thymosin fraction 5, thymosin 0.7 and 0." which 
have been produced similarly to the antiserum against thymosin 134 (McClure et 
al., 1982), there was a complete absence of reaction with the brain tissue; normal 
rabbit serum also did not react. 

4. DISCUSSION 

We have demonstrated using paraffin-embedded sections and PAP immuno
cytochemistry that thymosin 134 is present in the IDC of the thymus, Langerhans 
cells of the skin, peritoneal macrophages, and in a subset of brain and spinal cord 
oligodendrocytes and their processes. The stained cells were identified as (1) IDC 
in the thymus, because they had all the morphological and topographical charac
teristics described for IDC by Kaiserling et al. including processes engulfing thy
mocytes, a known property of these cells (Kaiserling et al., 1974). When immu
nostaining was performed on frozen sections, these cells were ATPase positive, a 
known histochemical reaction for IDC (Miiller-Hermelink, 1974); (2) Langerhans 
cells in the skin, because of their star-shaped configuration and location in the 
deeper portions of the germinative layer of the epidermis; and (3) oligodendrocytes, 
because of their round or ovoid cell body with their many slender processes branch
ing before surrounding axons or terminating along myelin sheaths. Both interfas
cicular oligodendrocytes along the long tracts as well as some of the satellite 
oligodendrocytes with their processes next to neuronal perikarya were specifically 
stained with antithymosin 134' Their staining pattern resembled that obtained with 
anti-MBP antiserum in the myelin-forming oligodendrocytes of newborn rats (Stern
berger et al., 1978). The myelin sheaths, which have antigenic properties differing 
from those of the parent cell (Rumsby, 1979), were not stained with antithymosin 

134' 
The findings suggest that IDC, Langerhans cells, and macrophages-all Ia + 

cells of thymic origin which bind and present antigens to T cells (Katz et al., 1979; 
Shelly and Juhlin, 1976; Unanue, 1980; Janossy et al., 1980; Lambert et al., 
1980)-share a common antigen of thymic origin with a subset of oligodendrocytes. 
Ia+ cells of glial type are present in the human brain (Natali et al., 1981) and 
represent approximately 1 % of the total cells in the CNS (Nixon et al., 1982) with 
a fraction of those deriving from the bone marrow (Nixon et al., 1982). Because 
only a subset of oligodendrocytes in our study were thymosin 134 positive, it is 
tempting to speculate that all thymosin 134-positive cells (IDC, Langerhans, mac
rophages, and a subset of oligodendrocytes) are Ia + cells that share common antigens 
(and perhaps similar immune properties) and may belong to the same mobile an
cillary system for T-cell reactions. As has been shown for the Langerhans cells 
(Katz et al., 1979), these cells may have been generated from the same precursor 
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bone marrow cell and circulated afterwards to specialized organs. Thymosin ~4' 
which affects the maturation and differentiation of bone marrow stem cells (Low 
and Goldstein, 1981), may prove to playa role in the transformation and migration 
of these cells. 

The presence of a common antigen of thymic origin on a subset of oligoden
drocytes and the antigen-presenting immunocompetent cells of the lymphoid organs, 
may be of importance in understanding the immunological mechanisms of demye
lination and the suggested primary role of activated lymphocytes and specific mac
rophages in myelin destruction and oligodendrocyte depletion (Preneas and Graham, 
1981). The specific function of the thymosin ~4-positive subset of oligodendrocytes 
and their role in the immune surveillance of the eNS remain to be determined. 
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1. INTRODUCTION 

12 

The isolation of biologically important peptides from the thymus gland has been 
studied extensively in the last few years. Several thymic peptides have been shown 
to play certain roles in T-cell maturation (White, 1980; Trainin et al., 1980a,b; 
Goldstein and Lau, 1980; Bach and Goldstein, 1980). Thymosin al> a highly acidic 
Na-acetyl octacosapeptide, isolated from calf thymus gland (Goldstein et al., 1977) 
and characterized by sequence analysis (Low and Goldstein, 1979), has been re
ported to exhibit biological activities involved in the development of thymus-de-
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pendent lymphocytes (T cells) (Goldstein et ai., 1977). Thymosin a1 has been 
synthesized by classical procedures in solution (Wang et al., 1979; Birr and Stol
lenwerk, 1979) and by solid-phase methods (Wong and Merrifield, 1980; Wang et 
al., 1980; Colombo, 1981). 

The need for larger quantities of thymosin a1 (100 g scale) for clinical eval
uation required a solution synthesis which could be readily scaled up. A more 
efficient synthesis ofthymosin a1 was therefore designed using fragments with tert
butyl side chain protecting groups. Coupling sites and conditions were chosen to 
minimize racemization and provide the flexibility to prepare analogs of thymosin 
a1 (e.g., desacetyl-thymosin (1)' An efficient purification procedure was required 
to maximize the overall yield. 

2. RESULTS AND DISCUSSION 

2.1. Synthesis of Thymosin 0:1 

The novel synthesis of thymosin a 1 required the preparation of seven fragments 
(Fig. 1; I-VII) which were prepared by stepwise chain elongation using either the 
mixed anhydride or the N-hydroxysuccinimide ester method. Assemblage of the 
intermediate fragments led to the preparation of two key protected intermediates 
(8, 13) as shown in Fig. 1. All the protected and deprotected peptide intermediates 
were characterized by IR, NMR, TLC, elemental analysis, optical rotation, and 
amino acid analysis. 

Alternate coupling conditions of 9 and 13 were investigated to optimize the 
yield and purity of the fully protected 28·peptide hormone, 14. The final coupling 
was best achieved in trifluoroethanol (O°C for 1 hr and 25°C for 21 hr) with 1.8 
equiv. of 13 using DCC (5.6 equiv.) and HOBt (10.1 equiv.). 

2.2. Purification of Thymosin 0:1 

Following the deprotection of the crude protected 28-peptide hormone, 14, 
preparative HPLC of the resultant thymosin a1 was performed in two stages. Crude 
thymosin a, was partially purified (~ 8.5 g product per run) on a Jobin-Yvon 
Chromatospac Prep. 100 instrument (8 x 100 cm) using C8 reverse-phase silica 
gel. Final purification (~ 2.5 g product per run) was carried out on the Whatman 
Partisil-lO Magnum 20 ODS-3 system (2 x 100 cm) using CI8 reverse-phase silica 
gel with simultaneous discontinuous monitoring of each fraction with fluoropa which 
permitted pooling of appropriate fractions (Fig. 2). 

The overall yield for the final four stages of thymosin a) synthesis was ~ 30% 
and the product was shown to be homogeneous and in agreement with expected 
values (TLC, HVE, IEF, amino acid analysis, peptide mapping, and IH NMR). 
Thymosin al prepared by this procedure (nearly 100 g) was obtained in micro
crystalline form and released for clinical studies. 
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FIGURE 1. Synthesis of thymosin a,. 

2.3. Analogs and Stereoisomers of Thymosin <x, 

A series of COOH-terminal analogs of thymosin <Xl was prepared directly from 
the tert-butyl protected fragments (Fig. 1). These analogs were purified by ion
exchange or preparative HPLC and shown to be homogeneous and in agreement 
with expected values (Table J). Preliminary results in the in vivo immunosuppressed 
mouse bioassay (Ishitsuka et ai., 1983) indicate that the biological activity of 
thymosin <Xl resides in the COOH terminus of the molecule increasing with in
creasing chain length. Circular dichroism studies were carried out on the fragments 
(Fig. 3) and it was observed that the onset of secondary structure coincided with 
biological activity. 

The three minor stereoisomer contaminants from the thymosin <Xl synthesis 
were isolated by preparative HPLC (Fig. 2) and identified by a series of analytical 
measurements. Tryptic digestion, amino acid analysis, IH NMR spectroscopy, and 
glass capillary chromatography were used to identify each of the stereoisomers: 
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TABLE I. Physical Properties of eOOH-Terminal Thymosin 0:1 Peptides 

TLC Electrophoresis Circular dichroism 

Peptide [Illfi'a R! RJ RGI/ [6h2(}"'223 nm' 

Di- +7.25° 0.53 
Tri- - 20.47° 0.47 
Tetra- -37.25° 0.47 
Hexa- -67.77° 0.50 
Hepta- -75.59° 0.58 
Octa- - 88.51° 0.55 0.90 0.92 
Nona- -88.50° 0.35 0.88 0.63 
Deca- -71.73° 0.21 0.80 0.31 
Undeca- - 88.55° 0.29 0.73 0.47 
Tetradeca- - 86.98° 0.14 0.80 0.34 
Octadeca- -86.73° 0.75 0.14 
Thymosin III -92.33° 0.82 0.56 

a Specific rotation: concn .• 1% + 0.2%; in 0.1 M He!. 
b Solvent system: n-BuOH : AcOH : EtOAc : H20, 1-1-1-1. 
'Solvent system: n-BuOH : Pyr: AcOH : H20. 10-3-15-12. 
d Electrophoresis: Pyr : AcOH : H20, 2.3-0.&-97 (pH 5.6; 1000 V; 9Omin). 
, Molecular ellipticity: pH 7.4 (0.05 M phosphate buffer). 
f Mean residue ellipticity: pH 7.4 (0.05 M phosphate buffer). 
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D-Ala3-thymosin a}, D-LysI4-thymosin a}, and D-LysI7-thymosin al. Circular di
chroism studies were carried out on thymosin al (Fig. 4) in three solvents (H20, 
50% TFE, and 75% MeOH) and compared with the stereoisomers in 75% MeOH 
(Table II). It was observed that the amount of secondary structure was decreased 
by the presence of D-amino acid residues. This decrease in percent helicity was 
most pronounced when the D-amino acid residue was present in the COOH-terminal 
region of thymosin al (i.e., D-LysI7-thymosin' al)' J3C NMR spectra were run on 
all the thymosin al peptide fragments in D20. This series of 13C NMR spectra 
permitted complete assignments for all 129 carbon atoms present in thymosin al. 
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Immunocytochemical Localization 
of Thymosin and Thymopoietin in 
Human, Rat, and Murine Thymus 

HOWARD R. HIGLEY and GEOFFERY ROWDEN 

1. INTRODUCTION 

Several distinct protein preparations isolated from the thymus have been shown to 
be involved in the differentiation of T lymphocytes. Thymopoietin, the thymosin 
complex, and facteur thymique serique (FrS), referred to collectively as thymic 
hormones, have been localized in the nonlymphoid stromal network of the thymus 
by immunocytochemical techniques (Mandi et al., 1979; Teodorczyk et al., 1975; 
Monier et al., 1980; van den Tweel et al., 1979). However, as the thymic non
lymphoid cell population is a highly heterogeneous one, the specific cell type or 
types of thymic hormone origin have not been unequivocally described. Several 
forms of epithelial cells and macrophages have been identified in the different zones 
of the thymus and all are potential candidates for thymic hormone production 
(Duijvestijn and Hoefsmit, 1981; von Gaudecker and Miiller-Hermelink, 1980). 
There also seems to be a difference in the distribution of cells immunoreactive for 
various thymic hormone preparations within the thymuses and other organs of 
different species (Mandi et al., 1979; Teodorczyk et al., 1975; Monier et al., 1980; 
van den Tweel et al., 1979). Finally, in all cases except one (Schmitt et al., 1982), 
there has been no ultrastructural immunocytochemical investigation of the synthetic 
apparatus or secretory mechanism in cells containing thymic hormones. The ob
jectives of the present investigation were: (1) to compare the immunocytochemical 
staining patterns using antisera to thymopoietin and thymosins IX" IX7, and 134, to 
those produced with antisera against keratin, lysozyme (or peanut agglutinin), and 

HOWARD R. HIGLEY and GEOFFERY ROWDEN. Department of Pathology, Loyola University 
Medical School, Maywood, Illinois 60153. 
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S-I00; known markers for epithelial cells (Battifora et al., 1980), macrophages 
(Mendelsohn et al., 1980), and dendritic cells (Rowden et al., 1982), respectively; 
(2) to note differences in the distribution of thymic hormone-positive cell populations 
in human, mouse, and rat thymus and in human epidermis; and (3) to achieve an 
electron microscopic identification of the subcellular components associated with 
thymic hormone localization. 

2. MATERIALS AND METHODS 

Human thymic tissue was obtained at autopsy from an infant who had died of 
a congenital heart defect. Thymus was fixed in 10% buffered formalin for 8 hr, 
dehydrated in ethanol, and embedded in paraffin. Five-micrometer sections were 
mounted on glued slides, deparaffinized in xylene, and rehydrated to phosphate
buffered saline (PBS). 

Human epidermis was obtained at autopsy and hooded rat and C57BL mouse 
thymuses were obtained from animals of from 1 to 3 weeks of age. Tissue was 
mounted in OCT and frozen at - 20°C in a cryostat. Ten-micrometer sections were 
cut, well air-dried, and prior to immunocytochemical staining washed in cold PBS 
for 30 min, then fixed in cold 95% ethanol for 5 min and washed again in PBS. 

2.1. Light Microscopic Immunocytochemistry 

1. Paraffin sections were treated with 0.125% trypsin in CaCh buffer for 10 
min to better expose antigenic sites (frozen sections were not subjected to this step). 
PBS wash. 

2. Endogenous peroxidase activity was eliminated by a lO-min incubation with 
3% H20 2 (sections for immunofluorescence were not treated in this way). PBS 
wash. 

3. A 15-min pretreatment with a 1 : 10 dilution of normal goat serum served 
to reduce nonspecific background staining. 

4. Primary antiserum diluted 1 : 20-1 : 50 with PBS was applied to the sections 
for 1 hr at room temperature in a humid chamber. PBS wash. [Rabbit antithymo
poietin was kindly provided by Dr. G. Goldstein. Rabbit antithymosin 6, 5, IXh 

IX7, and 134 were prepared by Dr. J. McClure and were generous gifts of Dr. A. 
Goldstein. Antiserum against human lysozyme (muramidase) was purchased from 
Immulok Inc., Carpenteria, Calif. Antiserum against human callus keratin and 
bovine S-I00 was prepared by Dr. K. Sheikh. Antiserum against peanut agglutinin 
and PNA were purchased from Vector Laboratories, Burlingame, Calif.] 

5. Sections were incubated with goat anti-rabbit IgG-peroxidase conjugate 
(Dako Corp., Santa Barbara, Calif.) or with fluorescein-conjugated GAR (Cappel 
Laboratories, Cochranville, Penn.) for 30 min at room temperature. PBS wash. 

6. Tissues stained by the indirect immunofluorescence technique were viewed 
by ultraviolet illumination with appropriate barrier/exciter filters. Immunoperoxi
dase-Iabeled sections were developed by a lO-min treatment with aminoethyl car
bazol-H20 2 or diaminobenzidine-H20 2 substrates. 
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7. Control reactions consisted of deletion of the primary antisera or substitution 
with normal rabbit sera and absorption of the primary antisera with thymosin 6 or 
thymopoietin overnight at 4°C before use. None of the control reactions produced 
any immunoreactivity above background. 

2.2. Electron Microscopic Immunocytochemistry 

Mouse thymus was used for immuno-EM staining and was fixed for 8 hr in 
10% buffered formalin and then washed overnight in PBS. Tissue was then mounted 
in agar and 50-f.1m slices were cut on a tissue chopper. 

1. Tissue chopper slices were incubated with thymic hormone antisera over
night at 4°C, then washed for 3 hr in three changes of PBS. 

2. Tissues were then incubated overnight at 4°C with goat anti-rabbit IgG Fab 
fragment-peroxidase conjugate (Cappel), then washed three times in PBS. 

3. Immunoreacted tissue was stained with diaminobenzidine-H20 2 , osmicated, 
dehydrated, and embedded in Epon 812. Thin sections were cut and grids examined 
without heavy metal staining. 

3. RESULTS 

3.1. light Microscopy of Human Thymus 

Immunocytochemical analysis of parallel sections of human thymus revealed 
a different distribution of thymosin 6- and thymopoietin-positive cells (Fig. I, 2). 
Thymosin 6 staining was restricted to cortical nonlymphoid cells. These cells were 
both punctate and dendritic in form. Staining with antikeratin and lysozyme showed 
these cells to be both epithelial cells and macrophages. There were few thymosin 
6-containing cells in the medulla of this formalin-fixed specimen of infant thymus. 

In contrast, thymopoietin-containing cells were largely restricted to the medulla 
with a prominent band of reactive cells in a subcapsular location (Fig. 2). Peripheral 
lamellae of Hassall' s corpuscles contained thymopoietin and the majority of reactive 
cells also stained with antikeratin. No lysozyme-positive cells were seen to stain 
for thymopoietin nor did the occasional thymopoietin-positive, keratin-negative cell 
stain with S-100. Thymosin 6, 5, Uh U7, and 134 were not detectable in conven
tionally fixed, paraffin-embedded human thymus. 

3.2. light Microscopy of Mouse Thymus 

Thymosin Ub U7, and 134 antisera did stain cortical epithelial cells in frozen 
sections of mouse thymus fixed in ethanol (Fig. 3). Interpretation of parallel sections 
suggested all three peptides were present in the same cortical epithelial cells in the 
mouse, but that not all keratin-positive cortical epithelia contained thymic hormones. 
Medullary epithelial cells were weakly positive with all three antisera. Macrophages 
(PNA positive) did not stain. 



FIGURE 1. Paraffin section of human thymus immunostained for thymosin 6. Note restriction 
of fluorescence to cells (arrowheads) of the cortex (C) and the absence of reaction in the 
medullary zone: H, Hassall's corpuscle. 

FIGURE 2. Paraffin section of human thymus immunostained for thymopoietin. Note fluores
cence of medullary epithelial network (arrowheads), including the peripheral lamellae of Hassall's 
corpuscles (H). Cells in the cortical zone are unstained. 
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FIGURE 3. Frozen section of mouse thymic cortex immunostained for thymosin Cl1 ' Peroxidase 
reaction product delineates dendritic epithelial cells; lymphocytes are negative. 

3.3. Electron Microscopy of Mouse Thymus 

Ultrastructural visualization of immunoreacted mouse thymic tissue chopper 
sections confirmed the light microscopic observations. Thymosin 6 antisera delin
eated cortical epithelial cells containing desmosomes and tonofilaments , and could 
be detected in macrophage cytoplasm as well (Fig. 4). Reaction product was as
sociated with epithelial cell cytoplasm and specific cortical granules. No thymosin 
6-positive medullary epithelial cells were noted. 

Thymopoietin cytoplasmic reactivity was restricted to medullary and subcap
sular forms (Fig. 5). However, cystic epithelial cells and the central cells of Hassall's 
corpuscles were not immunoreactive. No specific granules, as those seen in cortical 
epithelial cells, were seen to contain thymopoietin. Antisera to thymosin at. a7, 
and 134 were poorly reactive with formalin fixed tissue used for immuno-EM. 

3.4. Light Microscopy of Rat Thymus and Human Epidermis 

Thymosin a1 and 134 antisera stained thymic cortical epithelial cells in the rat; 
however, unlike the mouse, thymosin a7 was found only in rat medullary epithelium. 
a1 and 134 peptides and thymopoietin were present in human epidermis. The dis-
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FIGURE 4. Electron micrograph of mouse thymic cortical epithelial cell process immunostained 
for thymosin 6. Reaction product is seen in cytoplasm (E) and cortical granule (*) . No lymphocyte 
(L) staining is seen. 

tribution was the reverse of that seen for callus keratin. Thymic factors were 
localized in basal keratinocytes that contained little immunoreactive keratin. 

4. DISCUSSION 

Thymosin is a complex collection of polypeptides, and antiserum to it stained 
both cortical epithelial cells and macrophages. Thymosin 6-positive macrophages 
and epithelia were found in other organs and lymphoid tissues (Hirokawa et al., 
1982, and personal observations), indicating that not all components in this prep
aration are thymus specific. Purified thymosin subfractions a" a7, and [34 seem to 
be exclusively epithelial cell products, but only a7 seems to be thymus specific. 
As shown in this study, a\ and [34 are cross-reactive with basal cells of the epidermis, 
and staining of epithelium in other organs has been reported (A. Goldstein, personal 
communication). The restriction of a" a7, and [34 to cortical epithelium seems to 
be unique to the mouse thymus. a[ and [34 have been demonstrated in both the 
cortex and the medulla in frozen sections of human thymus (Hirokawa et al., 1982; 
Haynes et al., 1983), with a7 found only in medullary epithelium (A. Goldstein, 
personal communication). As shown here, the staining pattern is different yet in 
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FIGURE 5. Electron micrograph of mouse thymic subcapsular epithelial cells (E) immunostained 
for thymopoietin. Arrowheads indicate tonofilaments. Note absence of reaction product in sur
rounding lymphocytes (L). 

the rat, with (XI and [34 found in the cortex and (X7 found in the medulla indicating 
a species specificity in the distribution of these polypeptides. 

With the exception of basal keratinocyte staining for thymopoietin (Chu et al., 
1982; Haynes, Chapter 3, this volume), this thymic hormone seems to be unique 
to the thymus. But the present study illustrates that not all thymic epithelia contain 
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this factor and an as yet unidentified thymopoietin-positive medullary hypertrophic 
cell may not be epithelial. 

The only previous electron microscopic demonstration of thymic hormone
containing structures was of the serum thymic factor FrS in cortical epithelial cell 
granules (Schmitt et al., 1982). However, that observation has been complicated 
by the report of FrS staining of nonthymic epithelial structures and its possible 
association with intermediate filaments (Kato et at., 1981). Furthermore, a sub
sequent report of FrS staining indicated that most of the immunoreactive cells were 
present in the medulla (Savino et at., 1982). The formalin-resistant component of 
thymosin 6 was shown here to be present in both cortical epithelial cell granules 
and cytoplasm. Thymopoietin' s ultrastructural localization was exclusively cyto
plasmic, possibly associated with filamentous material. Whether these observations 
indicate localization of hormone in both cellular compartments or represents a high
resolution diffusion artifact remains to be proven. Although both hormones exhibit 
definite plasma levels demonstrated by radioimmunoassay (Pahwa et at., 1980), a 
conventional method of secretion of an intermediate filament-associated protein is 
difficult to envision. Therefore, the morphological mechanism of local induction 
of T-cell differentiation by thymic hormones is still problematic. 

5. SUMMARY 

This study examined thymic hormone distribution and species specificity by 
immunocytochemical analysis. The thymosins and thymopoietin appeared to be 
largely products of different thymic nonlymphoid cells. Thymosin (It. (l7, and P4 
were exclusively associated with epithelial cells but only (l7 was thymus specific. 
The majority of thymopoietin-containing cells were thymic epithelia, but epidermal 
basal keratinocytes contained this hormone as well. Thymosin fractions 5 and 6 
contained macrophage products that could be found in other lymphoid tissues. There 
were differences in cortical versus medullary locations of thymic hormone-con
taining cells in man, rat, and mouse. These differences did not appear to be at
tributable to the variety of developmental stages examined or tissue preparative 
techniques employed. An ultrastructual examination of organelles associated with 
thymic hormone immunoreactivity confirmed the light microscopic findings, but 
raised some questions about how thymic hormones are secreted and interact with 
their target lymphocytes. 
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Thymus- and Spleen-Derived 
Immunosuppressive Peptides 

-I. BLAZSEK, G. MATHE, M. LENFANT, 
and N. KIGER 
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The hematoimmunological machinery appears to be regulated by soluble factors 
acting in two opposite directions, those of subpopulation size and function ampli
fication and reduction (suppression), respectively (Table I). 

In 1972, we prepared two immunosuppressive factors, one from the spleen 
(SISF) and one from the thymus (TISF) (Mathe, 1972). We have also obtained a 
suppressive factor produced by histamine-induced suppressor cells (Susuki and 
Huchet, 1982) (Table I). Table II compares the factor's susceptibility to hydrolytic 
enzymes to that of FTS according to Dardenne et al. (1977), Bach et al. (1978), 
and Pleau et al. (1977). 

Figures 1 and 2 show the effect of SISF on the in vivo GvH mortalities induced 
by a semi allogeneic bone marrow and spleen cell graft or after bone marrow graft 
incompatible for the minor histocompatibility antigens, respectively. We have re
ported the severity of the GvH complicity of such a graft (Mathe et al., 1979; 
Rappaport et al., 1979). 

Figure 3 indicates the preparation modality we have used to obtain thymic 
factor TISF-ICIG 1991. Figure 4 shows the effect of the subfraction T4-P2 on the 
spontaneous proliferation of different cell types, measured by eHl-TdR incorpo
ration. The thymocytes and bone marrow cells were most sensitive targets. Figure 
5 illustrates the effect of 30 subfractions prepared by isoelectric focusing of the 
T4-P2 fraction on Ampholine gradient on DNA synthesis of thymocytes, bone 
marrow, spleen, and transformed cells. Its action is significant on the thymocytes 
and Yac cells. 

I. BLAZSEK, G. MATHE, M. LENFANT, and N. KIGER. Institut de Cancerologie et d'Immuno
genetique (INSERM V-50), Hopital Paul-Brousse, 94804 VilJejuif, France. 
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FIGURE 1. The effect of SISF on the in vivo GvH mortalities induced by a semi allogeneic bone 
marrow and spleen cell graft. 
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FIGURE 2. The effect of SISF on bone marrow graft incompatible for the minor histocompatibility 
antigens. 

TABLE II. Comparison of SISF and FTS 
Behavior 

SISF FrS' 

Enzymatic susceptibility 
Pronase + + 
Trypsin + + 
DNase 
RNase 
Carboxypeptidase + + 
Leucine aminopeptidase ND 
Pyroglutamate aminopeptidase + + 

Electrophoretic mobility, 0< m < 0.1 0.1 
m (pH 6.5) 

• Data from Dardenne et af. (1977). Pleau et af. (1977), Bach et af. 
(1978). 



Homogenization in distilled water (10 g/30 ml) 
Centrifugation, 20,000g, 60 min 

Ethanol precipitation (42 v/v%) 
Centrifugation, 20,000g, 60 min 

Supernatant 

Supernatant 
Concentration and dialysis on Amicon DC-2 

(H1 P5 Cartridge) 

t 
Retentate = !T4 fraction.! 

Add 24 mM NaP04, pH 6.8, and 25% (NH4hS04 
Centrifugation, 20,000g, 60 min 

Add 50% (NH4hS04 
Centrifugation, 20,000g, 60 min 

Supernatant 

Pellet 
Desalting by dialysis in distilled water 
Lyophilization = IT4-P2 fraction! 

t 
Preparative isoelectric focusing in LKB Multiphor 
I pi 5.9 fraction! 

t 
Sephadex G-100 column chromatography 

FIGURE 3. Extraction and purification of a calf thymic protein fraction. The marked fractions 
are active in inhibiting the DNA synthesis of lymphocytes in vitro and/or in vivo. 

2~ 
c: 
~ 

.0 

~ 

'= 
c ~O .. 
u 

liver (newborn I .. 
~ 

7S 
bone morrow 

1 S 10 1 1 
Jl9 per ml 

FIGURE 4. The effect of the subfraction T4-P2 on the spontaneous proliferation of different cell 
types, measured by [3HJ-T dR incorporation. 
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FIGURE 7. Concentration-dependent inhibitory effect ot pi c subtraction on [3H]-TdR incorpo
ration ot cytolytic T cells. 

TABLE III. Effect of Time and Dose Administration of Thymic Fractions on Mouse 
IgM Response against a Thymus-Dependent Antigen (SRBe) 

Dose Day of 
Expt. Treatment (fJ.g protein i.v.) injection PFClspleena p valueb 

1 93,600 ± 1,000 
2 31,800 ± 5,300 

Fraction 0 480 0 80,500 ± 3,000 NS 
1 (control) 480 3 86,000 ± 4,600 NS 
2 200 3 25,800 ± 2,000 NS 

Fraction b 1000 0 85,500 ± 4,700 NS 
1 1000 3 56,000 ± 5,200 0.02 < P < 0.05 
2 600 3 16,700 ± 3,900 0.02 < P < 0.05 

Fraction c 480 0 135,800 ± 12,300 NS 
480 3 30,400 ± 2,300 p < 0.001 

2 200 3 16,000 ± 2,000 0.01 < P < 0.02 

• Mean ± S.E.; eight mice per group. 
b Student's r test. 
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FIGURE 8. Purification of SOIP. 

In Fig. 6 is shown the result of the isoelectric focusing analysis of the two 
subfractions pi b and pi c; it is seen that both contain several polypeptides in the 
pH range of l3-thymosin polypeptides (Goldstein et at., 1981). Figure 7 shows the 
concentration-dependent inhibitory effect of pi c subfraction on [3H]-TdR incor
poration by cytolytic T cells. 

Table III indicates the effect of pi b and pi c subfractions on IgM antibody 
response against SRBC (a thymus-dependent antigen); the fractions are not active 
on the response against TNP-LPS (a thymus-independent antigen). Table IV shows 
the effect of pi b and pi c in the GvH-induced splenomegaly test: both, but especially 
pi c, reduce significantly the splenic effect. 

Figure 8 lists the steps in the purification of SDIP. 
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Production of a Thymosin (X1-like 
Material by T-Cell Lymphomas 

MARION M. ZATZ, PAUL H. NAYLOR, 
ALLAN L. GOLDSTEIN, JOHN E. McCLURE, 
and BARTON F. HAYNES 

1. INTRODUCTION 

Thymosin ex I is a peptide (MW 3108) originally isolated from calf thymosin fraction 
5, a partially purified preparation of bovine thymus (Low and Goldstein, 1979). It 
is believed to be one of the thymic hormones secreted by the thymic epithelium 
(Kater et al., 1979; Dalakas et al., 1981; Hirokawa et al., 1982; Haynes et al., 
1983) and has known biological properties in inducing differentiation and maturation 
of T lymphocytes in experimental animal models as well as in man (Zatz et al., 
1982). 

The thymic microenvironment has long been suspected as one of the critical 
factors in the spontaneous development of thymic lymphomas of leukemia-prone 
AKR mice (Metcalf et al., 1966; Zielinski et al., 1981). Metcalf first noted in 1956 
that a circulating lymphocytosis-stimulating factor appeared in the serum of leu
kemic AKR mice. We therefore sought to examine the serum thymosin 0:\ levels 
in AKR mice bearing spontaneously arising or transplanted lymphomas. We took 
advantage of the existence of two well-characterized sublines of an AKR tumor, 
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Division of Rheumatic and Genetic Diseases, Duke University School of Medicine, Durham, North 
Carolina 27710. 
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AKTB-It and AKTB-Ib, with distinct T-cell or B-cell characteristics, respectively 
(Zatz et at., 1981; Mathieson et at., 1982), to detennine whether thymosin at 
might be associated with subclasses of murine lymphomas. 

2. RESULTS 

2.1. Immunoreactive Thymosin CX1 in Sera of Leukemic AKR Mice 

In our initial studies (Table I), we observed that 6- to lO-month-old male 
leukemic AKR mice had three- to sixfold elevated immunoreactive serum thymosin 
al (lRal) levels, as measured by radioimmunoassay (RIA) (McClure et at., 1982), 
in contrast to serum levels observed in young or old AKR mice. 

When 105 thymic lymphoma cells were injected i.v. into young AKR mice, 
the IRal levels increased four- to sixfold as the tumor grew in the mice. These 
results are shown in two separate experiments in Fig. 1. Thus, at the early time 
points (5-7 days after passage), no significant difference between medium-injected 
control and tumor-injected mice could be noted, although the serum levels of the 
tumor-injected mice in fact were consistently below nonnal, at this early time point. 
By 11-14 days after passage, when the tumor was palpable in peripheral lymphoid 
organs, IRal levels were noticeably elevated, and by 16-22 days, levels of 4000-5000 
pg/ml were present in the serum. Mice usually are killed by the transplanted lym
phoma under these conditions at 18-25 days following injection. 

As these results could be explained either by production of IRal by tumor 
cells, or by activation of thymic epithelial secretory activity, the following exper
iment was perfonned to distinguish between these possibilities: 104 AKTB-It or 
AKTB-Ib lymphoma cells were injected i. v. into nonnal or thymectomized (tx) 
young AKR mice; completeness of thymectomy was verified in all animals at 
autopsy. As shown in Fig. 2, the AKTB-Jt T-cell tumor resulted in an initial decrease 
in IRal levels at day 8, followed by a fivefold elevation at day 14. This elevation 
was indistinguishable from that seen in tx recipients. Injection of the AKTB-Ib B
cell tumor caused no significant change in serum IRal levels at any time point 
(note: no tx recipients of AKTB-lt were alive at day 17 for comparison). Thus, the 
elevation of thymosin al was directly associated with growth of the T-cell tumor, 

TABLE I. Thymosin 0:1 in Serum of Normal 
and Leukemic AKR Mice 

Group 

Normal, 2 months old 
Normal, 6-10 months old 
Leukemic, 6-10 months old 

Q Mean ± S.E. 

No. 

13 
20 
13 

at, (pg/ml)Q 

677 ± 160 
395 ± 70 

5386 ± 979* 

• Significant at p < 0.001 by Student's t test compared to nonna! 
groups. 
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FIGURE 1. Two separate experiments are presented, in which 105 thymic lymphoma cells 
(open symbols) or medium (black symbols) were injected Lv. into groups of three mice. Mice 
were bled and killed at the times indicated to determine serum!X1 levels by RIA. Means ± S.E. 
are shown. Expt. 1 = squares; Expt. 2 = circles; 6. indicates serum levels of the mice in which 
the spontaneous thymic lymphomas arose. 

and was not mediated by the thymus. The pattern of growth and elevation of IRal 
seen with this serially passaged in vivo T-cell tumor line mimics that shown in Fig. 
1 with the passage of two spontaneously arising thymomas. It should also be noted 
that the B-cell line causes splenic enlargement comparable to that seen with the T
cell line and kills the mice at approximately the same time. 
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14 17 

DAYS AFTER INJECTION OF CELLS 

FIGURE 2. 10· AKTB-H or AKTB-1b cells were injected i.v. into groups of five to seven normal 
or thymectomized mice at day O. Mice were sequentially bled from the tail vein on the days 
shown. For ease of presentation, results are presented as a ratio of serum levels in experimental/ 
control mice where control = normal mice injected with medium alone. The experimental groups 
are as follows: ~ = Ix mice injected with medium; 0 = normal mice injected with TB-1 t cells; 
CJ = Ix mice injected with TB-1t cells;. = normal mice injected with TB-1b cells;E!3 = Ix 
mice injected with TB-1b cells. 

TABLE II. IRal Content (pg/ml) of 
Tumor Cell Extracts and Cultured 

Tumor Cell SupernatantsB 

Supernatant Cells 

Expt. I 
Normal spleen 
Lymphomab 

AKTB-It 
AKTB-Ib 

Expt.2 
AKTB-It 
AKTB-Ib 

280 
590 
510 

<160' 

1240 
<160 

Q 10" cells were either extracted (Expt. 2) or cultured 
overnight (Expt. I). After overnight culture. the 
cell-free supernatants were analyzed for IRa, con
tent by RIA. 

b Enlarged spleen from an AKR mouse with spon
taneously arising T-cell lymphoma was used. 

, < 160 = nondetectable. 
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2.2. IRal in Cells and Supernatants of T-Cell Lymphomas 

The elevation of IRat. while not dependent upon an intact thymus, could still 
be an indirect result of T-Iymphoma growth. In order to determine whether IRal 
was directly associated with the tumor cells, tumor cells suspensions were prepared 
from spleen, thoroughly washed, and disrupted by ultrasonic shock: nonsolubilized 
debris was removed by ultracentrifugation. Short-term tissue culture supernatants 
also were prepared and evaluated for IRal content. Results are shown in Table II 
and demonstrate that the IRal is associated directly with the T-Iymphoma cells, 
but not the B-Iymphoma cells, and detectable amounts are released into the culture 
medium during overnight incubation at 37°C. Preliminary further analyses of two 
additional AKR T-cell lymphomas (TB-6, AKX-3), as well as one additional B
cell tumor (AKX1-b), show high levels of IRal associated with the T-cell lym
phomas and low IRal levels associated with the B-cell lymphoma (data not shown). 

2.3. Elevated Thymosin al in Sera of Human Lymphoma Patients 

These results in the murine system led us to examine sera from 21 patients 
with a variety of lymphomas and leukemias. The data (Fig. 3) reveal that some 
patients with T-cell lymphomas, including one individual positive for the human 
T-cell leukemia virus (HTLV+, JATL) , also have markedly elevated serum al 
levels. With the exception of one patient with common acute lymphoid leukemia 
(CALL), none of the non-T-cell-Iymphoma patients exhibited serum allevels above 
the normal range. Thymosin (34 levels did not correlate with thymosin al levels, 
and were significantly elevated in only two patients (Nos. 1 and 2). 

Studies are now in progress to determine whether: (1) the IRat. associated 
with murine and human T-cell lymphomas, is in fact identical in its primary amino 
acid sequence to the sequence of thymosin al isolated from thymus and (2) this 
tumor-associated thymosin al has those biological activities associated with native 
thymosin al isolated from bovine thymus thymosin fraction 5. 

3. DISCUSSION 

These studies are of importance in several respects. (1) It has long been 
suspected that the thymus may be the primary, but not the only source, of thymic 
hormones. Thus, thymectomy results in an eventual, but not immediate, drop of 
serum thymosin al levels, and levels are diminished but not absent in athymic nude 
mice. There is some evidence that the CNS may be one source of IRal (Hall et 
al., 1982) and although thymic epithelial cells can be strongly stained with het
erologous antibody to a I, epithelial cells in other organs also can be weakly labeled 
(Dalakas et al., 1981). It should be noted that the antiserum to thymosin a I used 
in the RIA does not cross-react with a-fetal proteins, carcinoembryonic antigen, 
or a spectrum of other well-defined thymic and nonthymic hormones (McClure et 
al., 1982). 
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FIGURE 3. Sera from 21 patients and a panel of 70 normals (obtained from the Red Cross) 
were evaluated by RIA for IRcxl and 134 content. The individual patients are numbered and their 
diagnoses are abbreviated as follows: BCll = B-ceillymphoma and leukemia; CAll = common 
acute lymphocytic leukemia; CTCl = cutaneous T-cell leukemia; HCl = hairy cell leukemia; 
JATl = Japanese adult T-cell leukemia (HTlV+); lBl = lymphoblastic lymphoma; 
MF = mycoses fungoides; SCZ = Sezary cell leukemia; TAll = T-cell acute lymphocytic leu
kemia; TCll = T-cell lymphoma and leukemia. 
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The biochemical analyses now in progress will enable us to determine whether 
the tumor sources of IRa I produce a peptide biochemically and functionally identical 
to the thymic peptide, or an inactive and/or cross-reactive product. Recent studies 
have established that a number of hormone and hormonelike factors, termed "tissue 
hormones," including insulin, ACTH, glucagon, gastrin, and bombesin, are pro
duced by tissue far removed from the endocrine glands normally associated with 
these molecules (Roth et al., 1982). In addition, there is a considerable body of 
evidence documenting the production of biologically active hormones by dediffer
entiated tumor cells (Moody et al., 1981; Radcliffe et al., 1981; Pavelic et al., 
1981). A thymopoietin-like material, termed "thymopoietin III," has been isolated 
from calf spleen (Audhya et al., 1981). Also, it recently has been reported that a 
leukemic cell line produces a variant of the lymphokine T-cell growth factor (TCGF) 
which is biochemically distinct from normal TCGF (Gootenberg et al., 1982). 

A second important aspect of this work is in the potential for detection and 
classification of human tumors. In at least one case of a patient with thymic lym
phoma, elevated serum IRal levels decreased to the normal range following thy
mectomy (unpublished data). Tissue extracts of the thymoma contained twice as 
much IRal as did thymus from an age- and sex-matched normal individual. In a 
recent study of an immunosuppressed homosexual population with acquired immune 
deficiency syndrome (AIDS), shown to be at high risk for development of rare 
malignancies such as undifferentiated Hodgkin's and Kaposi's sarcoma (Gottlieb 
et al., 1981; Siegal et al., 1981; Durack, 1981), elevated IRa, levels were con
sistently found (Hersh et al., 1983; Naylor and Goldstein, 1983). It is of particular 
interest to note that evidence of HTLV (Robert-Guroff et al., 1983; Popovic et al., 
1983) has also been found in high frequency in the AIDS population (Essex et aI., 
1983; Gelmann et al., 1983; Gallo et al., 1983; Barre-Sinoussi et al., 1983). 

The association of elevated serum thymosin al in certain tumor-bearing in
dividuals may provide a valuable diagnostic tool to monitor the growth and regres
sion of the tumor as well as clues to the biology and possible viral etiology of these 
lymphomas. 
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Purification and Characterization 
of an Immunoreactive Thymosin 
(X1 from Human Blood 
Evidence for a Thymosin U1 Carrier Protein 

JIEPING CHEN, TERESA L. K. LOW, 
and ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

Thymosin al was first isolated from bovine thymus gland (Goldstein et al., 1977; 
Low et al., 1979). It is composed of 28 amino acid residues with a molecular 
weight of 3108 and an isoelectric point of 4.2. This peptide can stimulate lym
phocytes to produce macrophage inhibitory factor (Thurman et al., 1981), interferon 
(Huang et al., 1981), and T-cell growth factor (Zatz et al., 1984). Thymosin al 

also modulates the expression of terminal deoxynucleotidyl transferase (TdT) in 
vivo and in vitro (Hu et al., 1981; Goldschneider et al., 1981). 

A radioimmunoassay (RIA) for thymosin al was developed to determine the 
concentrations of thymosin al in human serum (McClure et al., 1982). However, 
until this study, there was no chemical evidence that the immunoreactive thymosin 
al (lRaI) in human blood was similar in structure to bovine thymosin al' In the 
study reported here, an immunoaffinity chromatography has been developed to 
purify IRaI from human blood. Our results indicate that the IRaI in human blood 
is similar in physicochemical properties to bovine thymosin a I' 

JIEPING CHEN, TERESA L. K. LOW, and ALLAN L. GOLDSTEIN. Department of Biochemistry, 
The George Washington University School of Medicine and Health Sciences, Washington, D.C. 20037. 
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2. METHODS AND RESULTS 

A Cohn fraction IV -1, a fraction of human plasma obtained by fractional 
ethanol precipitation (Cohn et at., 1950) used as starting material for the isolation 
of IRaJ. was generously provided by Dr. G. A. Jamieson, American Red Cross, 
Bethesda, Maryland. 

2.1. CM-Cellulose Chromatography 

A total of 15 g of Cohn fraction IV-1 was chromatographed on a column 
(5 x 50 cm) of carboxymethyl-cellulose (CM-52) in 10 mM sodium acetate, pH 
5.5. The column was eluted first with the starting buffer followed by 50 mM sodium 
phosphate buffer, pH 8.0, containing 0.5 M NaC!. 

The IRal was measured by an RIA for thymosin al (McClure et al., 1982). 
The concentration of IRal in Cohn fraction IV-1 is 3.54 ng/mg (McClure et at., 
1982). As shown in Table I, following ion-exchange chromatography on CM-52, 
the concentration of IRal in the void peak (CM-A) is lO-fold higher than in the 
starting material, Cohn fraction IV-I. 

All CM-52 subfractions were examined by analytical electrofocusing on LKB 
PAG plate using a previously described method (Low et at., 1979). Only the CM
A fraction was found to contain a band at thymosin al region (pI 4.2). 

2.2. Immunoaffinity Chromatography 

One milliliter of 125I-(Tyrl)-thymosin al (200,000 cpm) and 320 mg of CM
A were chromatographed on a column (2.2 x 29 cm) of CNBr-activated Sepharose 
4B coupled with 'V-globulin of antithymosin al antiserum in 10 mM sodium phos
phate buffer containing 0.15 M NaC!, pH 7.5. The column was eluted first with 
starting buffer followed by 20 mM glycine buffer containing 0.5 NaC!, pH 2.8. 
The affinity chromatography was monitored by gamma counting for labeled thy
mosin aJ. by UV,absorption (at 280 or 235 nm), and by RIA for thymosin al' In 
Figs. 1 and 2, peak 2 represents the specific binding. In Fig. 1, it comprises 83.2% 

TABLE I. 1Ru1 in CM Subtractions ot Cohn 
Fraction IV-18 

Total amount of 
IRa I recovered 

CM Weight IRal concn in subfraction 
subfractions (g) (ng/mg) (f.Lg) 

CM-A 0.25 39.5 9.8 
Others 13.85 0.62 8.6 

• A total of 15 g of Cohn fraction was fractionated on a CM-cellulose 
column. 
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FIGURE 1. Immunoaffinity chromatography of labeled 
thymosin Ul on CNBr-activated Sepharose 
4B-antithymosin Ul column (2.2 x 29 cm). One millil
iter of labeled thymosin Ul (10,000 cpm/50 ILl) was 
loaded onto the column. The column was eluted first 
with 190 ml starting buffer (0.01 M sodium phosphate, 
pH 7.5) and then with glycine buffer (0.02 M glycine
HCI, pH 2.8, containing 0.5 M NaCI). 
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of the sum of cpm of peak: 1 and peak: 2. In Fig. 2, there is a very high and sharp 
peak: of IRal activity. This peak: represents the specific binding of IRal with the 
column. 

2.3. Ultrafiltration 

Eighty grams of Cohn fraction IV-l and 1 mI oflabeled thymosin al (200,000 
cpm) in 10 mM acetate buffer containing 0.15 M NaCl, pH 6.0, were fractionated 
by ultrafiltration using an Amicon DC-2 hollow-fiber system with a molecular weight 
cutoff at 10,000. The experiment was also performed under the same condition 
with buffer containing 2 M guanidine-HCl. 

The results are shown in Table II. When acetate buffer was used, 43.5 and 
56.5% of the labeled thymosin al were in the.retentate and ultrafiltrate, respectively. 
In contrast, when the acetate buffer contained 2 M guanidine-HCl, 9.4% of the 
labeled thymosin al was in the retentate and 90.6% ,in the ultrafiltrate. 

2.4. Preparative Electrofocusing 

Preparative flat-bed electrofocusing was used to fractionate CM-A and to de
termine the pI of IRal' An amount of 5.5 ml of Ampholine (LKB), pH 3.5-5.0, 
was dissolved in distilled water and made up to 100 mI. Five grams ofLKB Ultrodex 
was added into 97 ml diluted Ampholine solution. The suspension was stirred gently 
and poured immediately onto the tray. After evaporating the suspension with a 
gentle stream of air using a hair dryer, 80 mg of CM-A in 3 ml diluted Ampholine 
solution was loaded on the plate 3 cm from the cathode side. Electrofocusing was 
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TABLE II. Ultrafiltration of Cohn Fraction IV-1 Using an 
Amicon DC-2 Hollow-Fiber SystemS 

Retentate 
Ultrafiltrate 

Acetate buffer 

cpm 

76,200 
98,900 

Percentage 

43.5 
56.5 

Acetate buffer 
containing 

2 M guanidine-Hel 

cpm 

17,675 
170,500 

Percentage 

9.4 
90.6 

• Twenty grams of human Cohn fraction IV-I was dissolved in HJO ml of 0.01 M sodium 
acetate, pH 6.0, with or without 2 M quanidine-HCI. One milliliter of '~I-(Tyr')-thymosin 
a, (2 X 10' cpmlml) was added to the sample solution and incubated for 1 br at room 
temperature . 
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performed for 16 hr at 4°C with maximal voltage of lOoo V and maximal power 
of 8 W. The separated zones were collected by sectioning the gel bed with the 
fractionating grid. The proteins in each section were eluted with distilled water 
twice, 2 ml each time per section. For each fraction, pH determination, RIA for 
thymosin alo and optical density determination (at 280 nm) were performed. 

The results are shown in Fig. 3. One small peak was observed at pH 4.2, and 
a larger peak at pH 4.4. The percentage of IRa I in the first peak was 18.1 %, and 
in the second peak, 81.9%. 

2.5. High-Performance Liquid Chromatography (HPLC) 

The immunoaffinity chromatography-purified fraction (1.35 mg) was analyzed 
by HPLC as described previously (Low et al., 1983). A gradient of 0-50% ace
tonitrile in 0.05% trifluoroacetic acid was used to elute the peptides. About lO 
fractions were collected at I-min intervals around the region where synthetic thy
mosin aI is eluted (26.4 min). The fractions were lyophilized and analyzed by RIA 
for thymosin a I . 

As shown in Fig. 4, a single peak was found. It had a retention time at 26.4 
min, which is the same as that of synthetic and natural thymosin aI' 

2.6. Molecular Weight Determination 

Molecular weight of the IRaI was determined on a calibrated Sephadex G-50 
column (1.5 x 86 cm) in 2 M urea, lO mM acetate buffer, pH 6.0, according to 
the method of Fish et al. (1969) with modification of the buffer. Ten milligrams 
of the desalted ultrafiltrate fraction of Cohn fraction IV -1 in 1 ml of acetate buffer 
was loaded onto the column. The eluate was monitored by RIA for thymosin aI. 

The results are shown in Fig. 5. IRaI has a molecular weight of 3200, which 
is very close to that of thymosin aI (3lO8). 
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FIGURE 3. Electrofocusing of CM-A. After electrophoresis, the gel was cut into 30 sections 
(0.75 cm each). They were then eluted with 0.01 M sodium phosphate buffer, pH 7.4, and 
analyzed by RIA. Two IRn, peaks (pH 4.2 and 4.4) were found. 

3. DISCUSSION 

In the present study, we have found that Cohn fraction IV -1 isolated from 
human blood contains a peptide that cross-reacts with an antibody prepared to 
synthetic thymosin (Xl and this peptide has several of the physicochemical properties 
of thymosin (Xl isolated from calf thymic tissue. In addition, ultrafiltration exper
iments suggest that thymosin (Xl is bound to a carrier protein with a molecular 
weight over 10,000. Approximately 82% of the IR(XI is in bound form and the 
remaining 18% is in free form. Further studies are necessary to isolate and identify 
this high-molecular-weight carrier protein. 

Using the denaturing agent guanidine-HCI or urea, we have found that IR(XI 
can be dissociated from the carrier protein without irreversibly denaturing the IR(X] 
molecules. This has allowed us to isolate IR(XI from blood using ultrafiltration. 

The RIA for thymosin (Xl has been used for the first time in tandem with 
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FIGURE 4. HPLC analysis of IRal. The IRal fraction purified by affinity chromatography was 
analyzed by HPLC (j.l.Bondapak CIS reverse-phase column with 0-50% acetonitrile in 0.05% 
trifluoroacetic acid as solvents). A single immunoreactive peak similar in retention time as 
synthetic thymosin al was detected. 
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to have a molecular weight of 3200. 
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electrofocusing gel and column chromatographic procedures to detect the trace 
amounts of IRal present in the blood. 

4. SUMMARY 

Thymosin al isolated from calf thymus has been shown to be an immunolog
ically active thymic hormone (Mr 3108, pI 4.2). In this study, IRa I was isolated 
from a serum fraction (Cohn fraction IV-I) of human blood and partially charac
terized. The purification was monitored by RIA. An immunoaffinity chromato
graphic procedure was developed to isolate IRal in blood. Ultrafiltration (Amicon 
DC-2 hollow-fiber system, MWr cutoff 10,000) experiments suggested that thy
mosin al might be bound to a carrier protein under normal physiological conditions. 
Electrofocusing of a subfraction of Cohn fraction IV -1 showed two IRa I peaks. 
The substance corresponding to the smaller peak has a pI of 4.2, and that of the 
larger peak has a pI of 4.4. By gel filtration on Sephadex 0-50, IRal in the 2 M 
guanidine ultrafiltrate from Cohn fraction IV -1 was found to have a molecular 
weight of 3200. The fraction purified from CM-A by immunoaffinity chromatog
raphy was analyzed by HPLC (fLBondapak CIS column, with 0-50% acetonitrile 
in 0.05% trifilloroacetic acid as solvents) to give a single immunoreactive peak 
similar in retention time to synthetic thymosin a I. Our results indicate that IRa I 
isolated from human blood is similar in physicochemical properties to thymosin al 
isolated from bovine thymus. 
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Part I Summary 

Thymic Hormones 

HERMAN FRIEDMAN and JEAN-FRANCOIS BACH 

The study of the role of the thymus in immunity was revived and received widespread 
attention in the early 1960s based largely on the elegant experimental work of 
Jacques Miller and associates, using thymectomized newborn mice, and the now 
classic studies of Robert Good and colleagues with thymectomized chickens and 
rabbits. It became clear at that time that the many earlier observations in man and 
experimental animals that the thymus gland may playa role in leukemogenesis and 
some immunological disorders, especially acquired and/or general immunodefi
ciencies, could be related to thymic dysfunction. The explosive interest over the 
last few years throughout the USA and indeed throughout the world concerning the 
acquired immune deficiency syndrome has again brought the subject of the nature 
and mechanism of immunoregulation and dysfunction of the thymus and products 
from the thymus to the forefront of biomedical sciences. 

It is apparent that one of the major mechanisms of thymic control and regulation 
of immune function resides in the elaboration of what now appears to be a large 
variety of immunoreactive thymus-derived or associated molecules, including an 
almost bewildering array of peptides and hormones or hormonelike substances. 
Thus, it is of interest that the intricate role of the thymus has been examined, 
although sporadically, over the past five decades or so. Nevertheless, it is only 
within the last 15 years or so that a concerted effort has been made to study thymic 
products biochemically. This opening session of the Symposium on Thymic Hor
mones and Lymphokines presented a forum for a wide-ranging discussion of the 
biochemistry of some of the most studied peptides and biologically active com
ponents of the thymus and related substances. In addition, several new observations 
concerning the devastating effects of acquired immune deficiency syndrome (AIDS) 
on thymic function were also presented. 

HERMAN FRIEDMAN • Department of Medical Microbiology and Immunology, University of South 
Florida College of Medicine, Tampa, Florida 33612. JEAN-FRANCOIS BACH • INSERM U-
25, Hopital Necker, 75015 Paris, France. 
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Over the last few years, much information has been obtained concerning the 
biological activity of purified thymus-associated factors and molecules, including 
those present in the serum and various lymphoid and nonlymphoid tissues of both 
man and animals. Dr. M. Dardenne and colleagues from the Hospital Necker, Paris, 
have studied in detail polypeptide hormones in human serum which can induce 
thymic cell markers on immature lymphoid cells and stimulate various immuno
logically active functions in treated cells. One of these factors, now termed thymulin 
and previously called facteur thymique serique (FrS), has been sequenced (Glu
Ala-Tyr-Ser-Gln-Gly-Gly-Ser-Asn) and the synthetic peptide has been found to be 
fully active biologically. Minimal changes in the C-terminal area result in alteration 
of biological and antigenic activity. High-affinity-specific receptors have been found 
on lymphoid cells using 3H-isotopically labeled peptide. The thymic origin of the 
peptide has been confirmed using polyclonal and monoclonal antibodies in im
munofluorescence assays. It has been found that the peptide binds the metal zinc 
and this appears essential for biological activity. Zinc is also important in the 
biological activity of the thymus-derived peptide. 

Dr. Theresa Low and colleagues, including Dr. Allan Goldstein, reported on 
extensive chemical analyses of various thymic peptides present in thymosin fraction 
5, which has been extensively studied in both experimental animals and man. 
Clinical trials on the biologically active, partially purified extract are under way 
and this material has been shown under appropriate conditions to augment or in
fluence a wide variety of immunological functions. New procedures have been 
utilized to analyze and examine several of the peptides present in thymosin fraction 
5, including thymosin aI, which has been synthesized, thymosin 134, and thymosin 
a7. A number of papers were presented either orally or as poster sessions concerning 
these factors. Dr. Dalakas and colleagues utilized thymosin 134 as a marker for 
receptor sites and showed that this factor is present in or on the dendritic process 
of thymic cells. Dr. Chen and associates examined thymosin al as an immuno
reactive blood peptide and showed that the level of this peptide is altered under 
various conditions. Dr. Danho and colleagues found that there were variations in 
thymosin al activity as a function of the extraction procedure, while Dr. Felix and 
associates showed that this material can be synthesized completely in the laboratory 
and the various properties of the synthetic material were found to be similar to the 
native peptide. Dr. Zatz reported that thymosin aI-like peptides can be produced 
in vitro by T-cell lymphomas growing in culture. Drs. Higley and Rowden utilized 
the presence of thymosin aI, a7, and 134 as surface markers for peripheral blood 
leukocytes of man and discussed the distribution of these markers in various cell 
populations. Dr. Horecker examined thymosin 134 distribution and biosynthesis in 
many vertebrate cells and found a basic conservation of this peptide among various 
animal species. 

The concept of thymic hormones as immunoregulatory molecules was de
scribed in detail by Dr. Birr, while Dr. Folkers indicated that spermidine and 
spermine present in thymic tissues and extracts may act as a self-regulator for 
thymic hormone activity. Dr. Mathe reported the presence of a suppressive thymic 
factor as an important substance in T-cell deficiency. Several short papers were 
presented concerning the possible role of the thymus in acquired immune deficiency. 
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Dr. Haynes reported that thymic hormones are present in thymic tissue, including 
epithelial cells of the thymus in both normal and AIDS patients. Dr. A. Davis found 
that thymosin (Xl is distributed in various areas of the thymus and that there is 
marked thymic involution in AIDS. Dr. Seemayer also reported on the marked 
thymic involution in AIDS. Although thymosin (Xl was found elevated, thymulin 
levels are lower in AIDS, as reported by Dr. Dardenne, in concordance with the 
finding of thymic involution. 

It was apparent from the symposium talks as well as the contributed poster 
papers that much work is being done in the area of the chemistry and biochemistry 
of thymic hormones and peptides. Nevertheless, there is still some important ques
tions to be answered. Although there are apparently a large number of peptides and 
factors extractable from the thymus, it still is not clear how these relate to similar 
immunoregulatory peptides present in the serum and other tissues of individuals. 
It is clear that after thymectomy, many of these thymic-like peptides or molecules 
decrease in concentration in the serum and that these factors increase biological 
activity, especially of T lymphocytes. Further work is certainly necessary to char
acterize these factors and to determine their role in the immune system. It is not 
clear whether the synthetic peptides are completely identical to thymic peptides 
found naturally or whether they are end products of larger precursor molecules. 
This is still essentially unknown. 

The structure of thymic peptides is still to be fully understood as only a few 
have been analyzed to date. One still does not know the target cells for all or even 
a few of the thymus-associated peptides. Are they all immature T cells, or are other 
cells reactive with these factors? Work is now under way in some laboratories to 
characterize some of the receptors to selected factors, but no one is certain whether 
similar or different receptors are present on the same cell to the different factors. 
Analysis of receptors will permit a more rapid expansion of knowledge concerning 
the immunobiology of thymic hormones. Future approaches which are still necessary 
include determining the sequence and structure of the various immunoregulatory 
peptides. This can be approached by preparing monospecific and monoclonal an
tibodies, not only to the peptides but also to specific membrane receptors. Genetic 
engineering is also important for future analysis of thymic hormones and peptides. 
Recombinant DNA technology will permit delineation of the genes responsible for 
production of these biologically reactive factors. Finally, the judicious use of an
tibodies to thymic factors in standardized immunoserological techniques will permit 
analysis of those factors important not only in immunodeficiency disease states 
associated with thymus dysfunction, but also as a possible predictor of potential 
immunological disorders, such as those associated with acquired immune deficiency. 
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Characterization of 
Immunoaffinity-Purified Human 
T-Cell Growth Factor from 
JURKAT Cells 

TERRY D. COPELAND, KENDALL A. SMITH, and 
STEPHEN OROSZLAN 

1. INTRODUCTION 

T-cell growth factor (TCGF) is a lymphokine that was first identified in conditioned 
media of mitogen-activated human T-cell culture (Morgan et ai., 1976). TCGF also 
occurs in other mammalian systems and its biological properties were recently 
reviewed (Smith, 1983). TCGF proved to be essential for the isolation of human 
T-cell leukemia virus. For a recent review see Gallo and Wong-Staal (1982). 

TCGF is a glycoprotein (Robb and Smith, 1981) with a molecular weight of 
approximately 15,000 (Mier and Gallo, 1980). As an initial approach to understand 
the lymphokine, including its biological activity, we undertook primary structure 
studies of human (h)-TCGF. Here we report the results of amino acid sequence 
analysis of immunoaffinity-purified h-TCGF from JURKAT leukemic cells. In ad
dition, the data indicate the location and the probable nature of the posttranslational 
modifications(s) of the protein molecule. 

TERRY D. COPELAND and STEPHEN OROSZLAN • Laboratory of Molecular Virology and 
Carcinogenesis, LBI-Basic Research Program, NCI-Frederick Cancer Research Facility, Frederick, 
Maryland 21701. KENDALL A. SMITH. Department of Medicine, Dartmouth Medical School, 
Hanover, New Hampshire 03756. 
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2. MATERIALS AND METHODS 

2.1. Protein Purification 

TCGF was obtained from phytohemagglutinin (PHA)-stimulated JURKAT cell 
supernatant. The purification of biologically active h-TCGF by immunoaffinity 
chromatography utilizing monoclonal antibodies coupled to Affi-Gel 10 has been 
described elsewhere (Smith et al., 1983). The immunoaffinity-purified protein was 
subjected to reverse-phase liquid chromatography (RPLC). The protein solution 
acidified to pH 2 with triftuoracetic acid (TFA) was loaded onto a Waters IJ.Bondapak 
CIS column and the column developed with a linear gradient of 0--60% acetonitrile 
in water containing 0.05% TFA. The peak fractions detected by absorbance at 215 
nm were collected and protein was recovered by lyophilization. 

2.2. Protein Modification 

Prior to enzymatic cleavage, protein was reduced with dithiothreitol and S
carboxamidomethylated with iodoacetamide as described elsewhere (Henderson et 
al., 1981). Modified protein was desalted by RPLC (Copeland et al., 1983). S
carboxamidomethyl h-TCGF eluted at - 54% acetonitrile and was recovered by 
lyophilization. 

2.3. Protein Fragmentation and Purification of Peptides 

Lyophilized S-carboxamidomethyl h-TCGF was suspended in 0.1 M sodium 
bicarbonate, pH 8, containing 30% acetonitrile (Henderson et al., 1981). Lys-C 
endoproteinase (Boehringer-Mannheim) was added to give an enzyme to substrate 
ratio of 1 : 50. Digestion occurred under nitrogen at room temperature for 24 hr. 
Digestion was arrested by freezing and lyophilization. To purify peptides the mixture 
was dissolved in guanidine hydrochloride, acidified to - pH 2 with aqueous TFA, 
and loaded onto the same RPLC column used for protein isolation. Peptide peaks 
were collected manually and aliquots taken for amino acid analysis. 

2.4. Amino-Terminal Sequence Analysis 

Unmodified protein as obtained from RPLC and peptides generated by enzy
matic digestion of S-carboxamidomethyl protein with Lys-C proteinase were sub
jected to semiautomated micro Edman degradation (Edman and Begg, 1967) in the 
presence of Polybrene (Tarr et al., 1978) utilizing established procedures (Copeland 
et al., 1980). 

2.5. Carboxyl-Terminal Analysis 

Intact h-TCGF was digested with carboxypeptidase A as described elsewhere 
(Orosz1an et al., 1978). Amino acids released during digestion at various time 
points were determined on the amino acid analyzer. 
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3. RESULTS 

3.1. RPLC and Terminal Amino Acid Sequences of Intact h-TCGF 

Immunoaffinity-purified protein was subjected to RPLC and the chromatogram 
obtained is illustrated in Fig. lAo Protein eluted from the column as a single 
homogeneous peak at 58.5% acetonitrile. Biological activity was shown to coelute 
with the protein (Smith et al .. 1983). The quantitative data showed that the lym
phokine retained complete activity when exposed to pH 2 and to organic solvents. 
The results of RPLC indicated that TCGF is a hydrophobic protein as it was retained 
on the hydrophobic support until elution with an acetonitrile concentration of 58.5%. 
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FIGURE 1. Purification by reverse-phase liquid chromatography on ",,80ndapak C18 support 
(see text) of immunoaffinity-purified h-TCGF (A) and S-carboxamidomethyl h·TCGF (8). 
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5 10 15 

Ala-Pro- X -Ser-Ser-Ser-Thr-Lys-Lys-Thr-Gln-Leu-Gln-Leu-Glu-

20 25 

His-Leu-Leu-Leu-Asp-Leu-Gln-Met-Ile-Leu-

FIGURE 2. Amino-terminal amino acid sequence determined by semiautomated Edman deg
radation of immunoaffinity-purified h-TCGF. 

Purified h-TCGF as obtained from RPLC was subjected to semiautomated 
microsequence analysis and the results for 25 cycles are given in Fig. 2. The presence 
of a single-chain polypeptide as obtained by the amino-terminal sequence also 
demonstrates that the h-TCGF preparation is homogeneous. A definitive assignment 
could not be made at position 3. The chromatogram for this cycle of the degradation 
is presented in Fig. 3 (protein cycle 3) and the results will be discussed below. 

Utilizing carboxypeptidase A digestion the carboxyl-terminal sequence was 
found to be Leu-Thr-OH. 

3.2. Protein Fragmentation and Sequence Analyses of Peptides 

Prior to cleaving the protein in order to obtain peptides for further sequence 
analysis, the cysteines were alkylated. TCGF was reduced with dithiothreitol and 

PTH-Thr 

Protein Cycle 3 Peptide Cycle 3 

FIGURE 3. RPLC chromatograms of authentic PTH-threonine (upper left panel) and of the 
results from cycle 3 of the semiautomated degradation of intact protein (lower left panel) and 
of the amino-terminal peptide (lower right panel). The chromatogram of cycle 7 during the 
degradation of intact protein is shown in the upper right panel. Peaks from each chromatogram 
which are discussed in the text are shaded. 
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8 lys-Ala- Thr-Glu-leu-Lys 

C Phe-Tyr-Met-(Pro) 
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FIGURE 4. Separation by RPLC on fLBondapak C18 support (see text) of peptides generated 
by endoproteinase Lys-C digestion of S-carboxamidomethyl h-TCGF. Peaks designated by 
letters proved by Edman degradation to be unique peptides and the sequences obtained are 
indicated. 

S-carboxamidomethylated with iodoacetamide. Modified protein was removed from 
excess reagents and purified by a single step on RPLC as illustrated in Fig. lB. S
carboxamidomethyl h-TCGF eluted from the column at 54% acetonitrile. The mod
ified protein to be used for cleavage was recovered by lyophilization. Cleavage was 
accomplished by digestion with Lys-C endoproteinase. The generated peptides were 
separated and purified by RPLC as shown in Fig. 4. Peptides which gave unique 
amino-terminal sequences are indicated and the sequence obtained for each peptide 
is also given in Fig. 4. While this study was in progress, the nucleotide sequence 
of a cDNA coding for h-TCGF from JURKAT cells was published (Taniguchi et 
al., 1983). The deduced amino acid sequence of the protein is given in Fig. 5. An 
identical amino acid sequence was deduced from the nucleotide sequence of TCGF 
DNA cloned from normal peripheral blood lymphocytes (Clark et al., 1984). The 
amino acid sequences obtained by analysis of unmodified h-TCGF (Fig. 2) and of 
peptides obtained from modified h-TCGF (Fig. 4) are compared to the deduced 
amino acid sequence for h-TCGF in Fig. 5. Those amino acids determined in this 
study are underlined. No differences were found. 

4. DISCUSSION 

By amino-terminal and carboxyl-terminal analysis we have defined the ends 
of the h-TCGF molecule. Indeed, a signal peptide has been cleaved during pro
cessing of the precursor, and the biologically active lymphokine begins with alanine. 
The carboxyl-terminal Leu-Thr protein sequence is also in agreement with the 
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Met-Tyr-Arg-Met-Gln-Leu-Leu-Ser-Cys-Ile-Ala-Leu-Ser-Leu-Ala-Leu-Val-Thr-Asn-Ser-

I 10 20 
Ala-Pro-Thr-Ser-Ser-Ser-Thr-Lys-Lys-Thr-Gln-Leu-Gln-Leu-Glu-His-Leu-Leu-Leu-Asp-

21 30 40 
Leu-Gln-Met-Ile-Leu-Asn-Gly-Ile-Asn-Asn-Tyr-Lys-Asn-Pro-Lys-Leu-Thr-Arg-Met-Leu-

41 50 60 
Thr-Phe-Lys-Phe-Tyr-Met-Pro-Lys-Lys-Ala-Thr-Glu-Leu-Lys-His-Leu-Gln-Cys-Leu-Glu-

61 70 80 
Glu-Glu-Leu-Lys-Pro-Leu-Glu-Glu-Val-Leu-Asn-Leu-Ala-Gln-Ser-Lys-Asn-Phe-His-Leu-

81 90 100 
Arg-Pro-Arg-Asp-Leu-Ile-Ser-Asn-Ile-Asn-Val-Ile-Val-Leu-Glu-Leu-Lys-Gly-Ser-Glu-

101 110 120 
Thr-Thr-Phe-Met-Cys-Glu-Tyr-Ala-Asp-Glu-Thr-Ala-Thr-lle-Val-Glu-Phe-Leu-Asn-Arg-

121 130 133 
Trp-Ile-Thr-Phe-Cys-Gln-Ser-Ile-Ile-Ser-Thr-Leu-Thr OH 

FIGURE 5. Amino acid sequence of h-TCGF as deduced from the nucleotide sequence (Tan
iguchi et al., 1983). The numbering system is for the processed protein as utilized in this report. 
Amino acids that we have placed in sequence by amino- and carboxyl-terminal sequences of 
intact protein and amino-terminal sequences of internal peptides are underlined. 

prediction from the nucleotide sequence in which a stop codon follows the threonine. 
Thus, no processing occurs at the carboxyl end. 

It was noted above that no amino acid could be assigned at position 3 during 
the sequence analysis of intact unmodified protein. A similar result was also obtained 
during analysis of the amino-terminal peptide (see Fig. 3, peptide cycle 3, and Fig. 
4, peptide A). The nucleotide sequence predicted position 3 to be threonine. In 
addition, the amino acid composition of the amino-terminal peptide (peptide A, 
data not shown) suggests that position 3 should be threonine. Based on the chro
matograms illustrated in Fig. 3, an explanation for our inability to identify threonine 
is given as follows. In the upper left panel of Fig. 3, authentic phenylthiohydantoin 
(PTH) threonine is depicted. The sample from cycle 3 of the intact protein deg
radation is shown in the lower left panel. There is no peak with a retention time 
of authentic PTH-threonine. Rather a triplet of peaks (shaded) is obtained which 
do not correspond to the PTH derivative of any common amino acid. An authentic 
threonine assignment was made at position 7. The chromatogram obtained from 
the analysis of the degradation product obtained at cycle 7 of the intact protein is 
illustrated in the upper right panel. The shaded peak coelutes with authentic PTH
threonine. Similar results were obtained for cycle 7 during degradation of the amino
terminal peptide (not shown). The lower right panel is the chromatogram obtained 
for cycle 3 during degradation of the amino-terminal peptide. Again the triplet of 
peaks was obtained. Thus, by degrading both intact protein and the amino-terminal 
peptide a reproducible set of peaks was detected at cycle 3 none of which represents 
PTH-threonine. It is likely that residue 3 is a posttranslationally modified threonine. 
The RPLC elution pattern for cycle 3 (Fig. 3) and the elution at low acetonitrile 
concentration of the amino-terminal peptide itself (peptide A, Fig. 4) suggest that 



JURKAT CELL h-TCGF 

tl) 

• 
N 

• 
.-4 

I 

• 
N 
I 

· t1 
I 

i 

·· .. ····T·· .. ···r .. ····T·· .. ···'I"·······T·· .. ···"I""·······I .... ····r .. · .. ·T······""!"···· ···"!""··· ···"I""······ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & ~ 
~ N ~ ~ ~ ~ ~ 00 ~ 0 ~ N 

~ .......... 

187 

• 
r~ 

.-4 

I 

· N 
I 

· 1") 
I 

FIGURE 6. An illustration of the h-TCGF amino acid sequence plotted according to its hydrophilic 
character (Hopp and Woods, 1981). Hydrophilicity is above the line (positive values) while 
hydrophobicity is below the line (negative values). The arrow indicates the amino end of the 
carboxyl-terminal peptide. 
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the modification of threonine (residue 3) is not hydrophobic but rather hydrophilic 
in nature and may be due to the presence of carbohydrate moiety. 

It was noted above that during the RPLC of immunoaffinity-purified h-TCGF, 
the protein was retained on the column until eluted with 58.5% acetonitrile. Behavior 
of the protein on the hydrophobic column support implied that h-TCGF is a highly 
hydrophobic protein. Figure 6 is a plot based on the method of Hopp and Woods 
(1981) to assess the hydrophilic and hydrophobic character of a protein based on 
the amino acid sequence. The abscissa of the plot is the residue number reading 
from the amino terminus to the carboxyl terminus. On the ordinate, hydrophilic 
values are expressed as positive numbers and hydrophobic values as negative num
bers. The apparent high hydrophobicity of h-TCGF is not predicted by this analysis. 
In order to account for the chromatographic behavior on the hydrophobic RPLC 
support, it is suggested that h-TCGF may be posttranslationally modified by a 
hydrophobic moiety. During the purification of the h-TCGF peptides generated by 
Lys-C endoproteinase, a peptide was isolated which eluted at the same acetonitrile 
concentration as the protein. This peptide (Fig. 4, peptide G) begins at residue 77 
indicated by the arrow (Fig. 6). It includes most, if not all, of the remaining carboxyl
half of the protein as determined by amino acid analysis (data not shown). On the 
basis of its amino acid sequence alone, this carboxyl-terminal peptide is not the 
most hydrophobic peptide generated by Lys-C digestion. Peptide F (Fig. 4) ex
tending from residue 10 to 32 has a greater overall hydrophobicity (Fig. 6). How
ever, peptide F eluted at a lower acetonitrile concentration than did the carboxyl
terminal peptide. Hence, we suggest that the proposed hydrophobic moiety resides 
on the carboxyl-terminal half of the molecule. The possible role of these proposed 
modifications in the function of h-TCGF is at present unknown and awaits further 
study. 
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The Use of Lymphoid Cells 
Expanded in IL-2 for the Adoptive 
Immunotherapy of Murine and 
Human Tumors 

STEVEN A. ROSENBERG, MAURY ROSENSTEIN, 
ELIZABETH GRIMM, MICHAEL LOTZE, and 
AMITABHA MAZUMDER 

1. BACKGROUND 

The adoptive immunotherapy of cancer refers to the transfer, to the tumor-bearing 
host, of immunologically competent cells capable of mediating responses against 
tumor. Specific adoptive immunotherapy is a theoretically attractive approach to 
the treatment of tumors although few examples exist of the effective treatment of 
established syngeneic solid tumors using this modality. Early reports from Delorme 
and Alexander (1964) claimed that thoracic duct lymphocytes from immunized rats 
as well as lymphocytes from immunized xenogeneic animals (Alexander et at., 
1966) could mediate the regression of solid methylcholanthrene-induced sarcomas. 
Borberg et at. (1972) treated mice bearing the Meth-A sarcoma with up to 4 X 109 

immunized syngeneic lymphocytes and succeeded in causing the regression of 
established tumors. Using the Meth-A tumor, but an alternative method of im
munization, Berendt and North (1980) have demonstrated that the intravenous 
infusion of sensitized T cells from immune donors could cause complete regression 
of established tumors growing in a T-deficient host. They also showed that infusion 
of splenocytes from tumor-bearing donors could inhibit this regression, suggesting 
that suppressor T cells existed in the tumor-bearing host. Fernandez-Cruz et al. 
(1980) showed that intravenous infusion of immune lymphocytes was capable of 
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curing rats bearing a subcutaneous tumor, and Smith et al. (1977) showed that 
immunized peritoneal exudate cells from syngeneic guinea pigs were capable of 
curing guinea pigs with established line 10 hepatoma. 

In a review of the adoptive immunotherapy of cancer, Rosenberg and Terry 
(1977) summarized the evidence that the adoptive transfer of immunologically 
reactive lymphoid cells was capable of mediating the regression of established 
tumors in a variety of animal tumor models. An analysis of successful adoptive 
immunotherapy revealed several factors that seemed essential for successful treat
ment. Three of the most important factors were: (1) obtaining highly sensitized 
cells with specific antitumor reactivity; (2) obtaining large numbers of sensitized 
cells (at least lOS cells to treat a 1-cm-diameter tumor in a mouse); and (3) use of 
syngeneic cells for therapy. In the light of recent information, a fourth factor 
essential for the success of adoptive immunotherapy should be added, i.e., the 
elimination of suppressor cells in the tumor-bearing host that will prevent the action 
of adoptively transferred cells. 

Early attempts at adoptive immunotherapy of human tumors fell far short of 
meeting each of the above four criteria. The development of techniques to expand 
T-Iymphoid cells to large numbers in vitro using interleukin-2 (IL-2) has, however, 
provided a means for overcoming many previous problems in the adoptive im
munotherapy of human tumors. The potential now exists for isolating from a cancer
bearing human, reactive lymphoid cells that can be cloned and expanded to large 
numbers for subsequent reinfusion into the autologous host. This approach to the 
adoptive immunotherapy of human tumors has great appeal though major problems 
to its successful application must still be overcome. 

The generation of large numbers of lymphoid cells in IL-2 presents little 
difficulty because of the rapid expansion of both murine and human cells in IL-2 
in vitro. Starting with lOS cells, more than 9 x 1013 (or 9 kg of packed cells) can 
be obtained after 2 months of growth, if all cells in these cultures were saved 
(Rosenberg, 1982). Though technical problems exist in developing large-scale cul
ture techniques, these problems are surmountable. The recent development of tumor 
lines that produce IL-2 and cloning of the gene that produces IL-2 provides a means 
for attaining the amounts of IL-2 necessary for these cell expansions. 

The development of techniques for identifying and isolating lymphoid cells 
with antitumor reactivity is a major obstacle to adoptive immunotherapy. The poor 
immunogenicity of tumor antigens in both the mouse and the human presents 
considerable difficulties in attempting to isolate the very rare T-cell clones that may 
have specific reactivity to tumor antigens. 

Previous work from our laboratory (Rosenstein et al., 1981) showed that 
systemic administration of sensitized lymphoid cells expanded in IL-2 was capable 
of mediating the rejection of skin allografts with a high degree of immunological 
specificity. Recent experiments have shown that the adoptive transfer of cytolytic 
clones with reactivity for antigens on the skin grafts was incapable of mediating 
skin graft rejection (Kim et at., 1983). However, the adoptive transfer of clones 
with proliferative specificity for the target antigens on the skin graft was highly 
effective in mediating skin graft rejection on both irradiated as well as nude mice. 

In the present report we will summarize some of our studies attempting to 
apply this approach to the adoptive immunotherapy of a syngeneic tumor. We will 
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summarize our attempts to find the lymphocyte sUbpopulations involved in mediating 
tumor regression in mice and summarize some of our recent experiments attempting 
to produce lymphoid cells in the human with antitumor reactivity. 

2. SENSITIZED LYMPHOID CELLS EXPANDED IN IL-2 CAN 
MEDIATE THE SUCCESSFUL ADOPTIVE IMMUNOTHERAPY 
OF A DISSEMINATED FBL-3 LYMPHOMA 

The syngeneic FBL-3 lymphoma in C57BLl6 mice will grow progressively in 
about 25% of C57BLl6 mice following intramuscular injection of FBL-3 tumor. In 
the remaining animals, tumor will grow for approximately 10 days and then regress. 
Tumor grows progressively and kills mice uniformly when the tumor is injected 
intra-footpad into syngeneic mice that have received 500 rads of total body irra
diation. Therefore, to immunize mice with FBL-3 lymphoma, we injected irradiated 
FBL-3 cells on two successive weeks and then waited 4 weeks before harvesting 
immune spleens. An alternative method of immunization that was often used was 
to inject live FBL-3 lymphoma intramuscularly followed by tumor growth and 
regression in those animals that rejected the tumor. Approximately 1 month after 
tumor rejection, spleens were harvested and used in experiments. 

A model for the adoptive immunotherapy of solid and disseminated FBL-3 
tumor was developed (Eberlein et al., 1982a,b,c). In this model, mice were given 
500 rads of whole body irradiation and approximately 4 hr later injected with 107 

live FBL-3 tumor cells into the right hind footpad in 0.05 cm3 of sterile Hanks' 
balanced salt solution (HBSS). 

Five days later, tumors were easily palpable and the footpad diameter measured 
between 2.5 and 3 mm (the normal mouse footpad measures between 1.5 and 2 
mm). If left untreated, both the footpad tumor and its metastases grew and eventually 
killed the animal by 20 days after the initial tumor injection. Also by day 5, either 
the right popliteal lymph node or 0.75 ml of blood from tumor-bearing mice could 
cause progressive tumor growth and death When injected intraperitoneally into a 
normal mouse pretreated with 500 rads of total body irradiation. 

Five days after tumor was induced, when the tumor was clearly measurable 
in all animals, mice were randomly assigned to treatment groups and injected 
intravenously in the tail vein with experimental or control cells in 1 cm3 of sterile 
HBSS. Each mouse was ear-tagged and measured every second or third day in a 
blinded fashion without knowledge of the previous treatment or the previous mea
surements for that mouse. 

This model was used to test the effects of lymphoid cells expanded in IL-2 to 
cure mice with syngeneic disseminated FBL-3 lymphoma. In these experiments, 
spleens were harvested from immune mice and boosted in vitro to the FBL-3 
lymphoma. To perform these sensitizations, 6 x 107 of viable responder spleno
cytes and 106 irradiated stimulator cells were placed in upright tissue culture flasks 
in 20 ml of tissue culture medium. Normal C57BLl6 stimulator cells were irradiated 
with 2000 rads, and fresh FBL-3 tumor stimulator cells were irradiated with 10,000 
rads. Cells were harvested from these in vitro sensitization cultures on day 5 and 
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tested in vitro for cytotoxicity and then placed in IL-2 for cell expansion. In virtually 
all experiments, control populations of either immune lymphocytes or nonimmune 
lymphocytes cocultured with normal CS7BLl6 irradiated stimulators in vitro were 
also generated and expanded in IL-2. 

Figure 1 shows the results of a typical experiment with the adoptive transfer 
of expanded cells in this disseminated footpad tumor model (Eberlein et al., 1982a). 
Immune lymphocytes resensitized to FBL-3 tumor for S days and then expanded 
8.S-fold in lectin-free (LF) IL-2 for 7 days (squares) were capable of curing 11 of 
12 mice treated with one intravenous injection of either S . x 107 or 2.S x 107 cells 
(p < O.OOOS). The only mouse in these groups that died did so on day 42 without 
evidence of tumor, and this animal received a lower dose of effector cells (2.S x 107). 

There was no significant difference either in footpad size (Fig. 1, left) or in survival 
(Fig. 1, right) between mice receiving S x 107 or 2.S x 107 lymphocytes. Normal 
lymphocytes expanded in LF IL-2 for 7 days failed to have any impact on either 
footpad tumor size or survival (triangles). 

3. GENERATION OF LYMPHOID CLONES WITH IN VITRO 
REACTIVITY TO THE FBL-3 LYMPHOMA AND THEIR 
EFFECTS IN VIVO 

Replica plating techniques that we have previously described (Eberlein et at., 
1982c) were used to isolate clones with a high degree of cytolytic or proliferative 
reactivity to the FBL-3 tumor. An example of the reactivity of several of these 
cytolytic clones is shown in Fig. 2. Several cytolytic clones with high degrees of 
lytic specificity for the FBL-3 tumor were adoptively transferred to mice in our 
tumor model and no increase in survival was seen (data not shown). 

Using the replica screening techniques we have described previously for the 
generation of cytolytic cells, we have now been successful in raising proliferative 
cell lines and clones to the FBL-3 tumor. These clones have proliferative specificity 
for the FBL-3 tumor and do not proliferate when stimulated by other syngeneic 
tumors. To raise these clones with proliferative activity to the FBL-3 tumor, we 
have taken advantage of two of our previous findings. Cells from immune animals 
have been depleted of Lyt-2 + cells using anti-Lyt-2 antibody plus complement. 
This technique was highly successful for developing proliferative clones in allo
geneic systems (Rosenstein et al., 1983). These depleted cells were then placed 
into in vitro sensitization cultures and then immediately cloned by limiting dilution 
techniques. These clones were screened for proliferative activity in a 2- to 4-day 
in vitro assay (Eberlein et al., 1982c). Mitrotiter wells containing cells with high 
degrees of proliferative activity in this screening assay were then harvested and 
expanded in vitro. 

An example of a proliferative clone (No. 28) that was isolated from the replica 
plate screening technique and then recloned is shown in Table I. All six of the 
reclones shown in Table I showed high degrees of proliferation to the FBL-3 tumor. 
The proliferative specificity of one of these reclones (clone 28-7) is shown in Table 
II. As can be seen, this clone had a very small degree of lytic activity to the FBL-
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Target 

FBL-3 
C57BU6 

lymphocyte 
EL-4 tumor 

(C57BU6) 
P815 tumor 

(DBAl2) 
MCA-106 tumor 

(C57BU6) 
FBL-3 tissue 

culture line 
Line 53 

(T-cell line 
from C57BU6) 

Meth-A tumor 
(BALB/c) 

TABLE I. Cloning of Proliferative Cells with 
Reactivity to Syngeneic Lymphomas 

100 cells/well 74/96 + 
10 cells/well 19/96 + (harvested) 

1 celVwell 1196 + (harvested) 

(I) (2) (3) 

+ 
C57BU6 + 

Clone Clone splenocytes FBL-3 
No. alone (CPM)· tumor (2) + (3) 

None 478 785 2,453 1,500 
SR 7 448 332 360,065 216,392 
SR 25 201 658 181,844 108,056 

SR 35 670 229 129,908 137,811 
SS 5 345 479 39,814 57,789 
SS 16 130 259 103,214 83,581 
SS 53 293 514 48,244 27,904 

Q From Rosenstein and Rosenberg (1983). 
b Mean of triplicates (coefficient of variance 5-15%); harvested on day 

2. 

TABLE II. Specificity of Reactivity of Clone 28-7S 

Cytotoxicity 
(% lysis) 

E:T 

100 : 1 10 : I 

29 ± 2 24 ± 2 
-20 ± 4 -17 ± 2 

78 ± 2 81 ± 5 

10 ± 7 ± 1 

5 ± 2 ± 

1 ± 2 -1 ± 

-27 ± 19 -31 ± 9 

3 ± 1 ± 

Proliferative activity 
(stimulation index) 

19.1 
2.6 

<1 

<1 

<1 

<1 

1.1 

<I 

Q From Rosenstein and Rosenberg (1983). 
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cpmlcpm 

79,170/4139 

329/298 
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TABLE III. Mean Survival Time after Adoptive Transfer of Cytotoxic 
Clones, Proliferative Lines, and Proliferative Cloness .b 

Experiment 

A 
B 
C 

A 
B 
C 

D 
E 

None 

16.5 ± 0.9 (6) 
20.4 ± I.l (8) 
17.8 ± 1.8 (5) 

19.9 ± 0.4 (8) 
14.7 ± I.7 (6) 
16.7 ± 0.4 (6) 

16.3 ± 1.2 (6) 
19.4 ± 0.4 (7) 

a After Rosenstein and Rosenberg (1983). 

Treatment 

Cytotoxic 
clone 

17.8 ± 1.0 (5) 
19.6 ± 2.9 (5) 
19.2 ± 0.5 (5) 

Proliferative 
line 

24 ± 2 (5) 
28.2 ± 10.2 (6) 
22.4 ± 0.6 (5) 

Proliferative 
clone 

25.8 ± 2.4 (5) 
27.3 ± 2.0 

• Values are days:!: S.E.M. Number of mice in parentheses. 
, p value clone or line vs. no treatment. 

pC 

NS 
NS 
NS 

<0.05 
NS 

<0.001 

<0.01 
<0.01 

3 tumor and somewhat greater lytic activity to the EL-4 tumor. Clone 28-7 was 
not lytic to several other syngeneic or allogeneic murine tumors. This clone exhibited 
significant proliferative activity only to the FBL-3 tumor and not to other syngeneic 
or allogeneic tumors (Rosenstein and Rosenberg, 1983). 

We have only recently begun testing these proliferative clones for their ability 
to cure mice in our FBL-3 tumor model. In preliminary experiments, it appears 
that these proliferative clones are indeed able to prolong the survival of mice bearing 
the FBL-3 lymphoma. An example of several preliminary experiments is presented 
in Table III (Rosenstein and Rosenberg, 1983). 

4. GENERATION OF LYMPHOID CELLS WITH SPECIFIC 
ANTITUMOR REACTIVITY FOR AUTOLOGOUS HUMAN 
TUMOR CELLS 

4.1. Human Activated Killer Cells 

In the past several years we have studied a unique phenomenon capable of 
generating human lymphoid cells with significant levels of lytic reactivity for fresh 
autologous human tumor cells (Lotze and Rosenberg, 1981; Strausser et al., 1981; 
Grimm et al., 1982, 1983a,b; Mazumder et al., 1982, 1983a,b). Human peripheral 
blood lymphoid cells (PBL) activated by a variety of techniques develop the ability 
to lyse fresh autologous tumor cells in a short-term 51Cr-release assay. Three separate 
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techniques for generating these activated killer cells from human PBL have been 
described. These activated killer cells can be generated by exposure of fresh PBL 
to IL-2 [lymphokine-activated killer (LAK) cells] by incubation with the lectin 
phytohemagglutinin [phytohemagglutinin-activated killer (PAK) cells] and by aI
losensitization with pooled stimulator cells [alloactivated killer (AAK) cells]. These 
activated killer cells are capable of killing NK-resistant fresh autologous tumor as 
well as a variety of allogeneic tumor cells. An example of the kinetics of devel
opment of LAK cell killing of fresh tumor cells is shown in Fig. 3 (Grimm et al., 
1982). Extensive studies of the characteristics of human activated killer cells have 
been performed and are summarized in Table IV (Mazumder et aI., 1983). The 
biological role of these cells in vivo is unknown. We are currently exploring the 
possible use of these cells in the adoptive immunotherapy of human tumors. 

40 Leiomyosarcoma, 50: 1 

30 

20 

Sarcoma, 100: 1 

20 

15 

10 

5 

OL--~<L...£=-~-
035 7 

50.0 

37.5 

25.0 

12.5 

Melanoma, 
501 

OL-----I'LLL..J=-~-o 3 5 7 

80 Allogeneic 

Melanoma, 
1001 

601-

40 

20 

OL---'-----"'''''--'IG<L---'"''-o 3 5 7 

DAYS OF CULTURE 

FIGURE 3. The kinetics of generation of Iymphokine-activated killer cell activity against three 
autologous fresh solid tumor cells and against one allogeneic tumor cell (lower right). In all 
cases, significant killer activity for fresh solid tumor cells was generated by 3-5 days after 
exposure to Iymphokine. (From Grimm et al., 1982,) 
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TABLE IV. Characteristics of Human Activated Killer Cellsa 

Lectin 
Characteristic incubation Allosensitization Activation 

Precursor location TDL+,PBL+ TDL+,PBL+ TDL+,PBL+ 
Precursor phenotype OKTI+,OKMl- OKT3+,OKMl- OKTI-, OKMI-
Radiation sensitivity Radioresistant and Radiosensitive and Radiosensitive and 

and adherence of nonadherent nonadherent nonadherent 
precursor 

Role of macrophages Necessary but can Necessary but can Necessary but can be 
be suppressive be suppressive suppressive 

Development kinetics Day I, 2 Day 2,3 Day 2, 3 
Stimulus Lectins Alloantigens IL-2-containing medium 
Effector phenotype OKTI+,OKMI- OKTI+,OKMI- OKT3+,OKMI-
Radiation sensitivity Radioresistant and Radioresistant and Radioresistant and 

and adherence of nonadherent nonadherent nonadherent 
effector 

Specificity of Autologous or Autologous or Autologous or allogenic 
cytotoxicity allogenic fresh allogenic solid fresh solid tumors 

solid tumors tumors and and metastases. Not 
and metastases. metastases. Not PBL or lymphoblasts 
Not PBL or PBL or 
lymphoblasts lymphoblasts 

• From Mazumder el al. (1983a). 

4.2. Mixed Lymphocyte Tumor Cultures 

We have adapted techniques described by Vose et af. (1978) and Vanky et 
al. (1979) for the generation of human autologous mixed lymphocyte tumor cultures. 
Responder cells in these cultures are PBL separated on Ficoll-hypaque gradients 
from the peripheral blood of cancer patients. Adherent cells are depleted in a plastic 
flask by incubation at 37°C for 1 hr. These cells are then further depleted on nylon 
wool columns for 30 min at 37°C. Because in most experiments PBL and tumor 
cells are harvested at the same time and it takes considerably longer to perform the 
tumor cell preparations, the lymphoid cells are often incubated at 37°C at 1()6 cells/ml 
while waiting for completion of the tumor cell preparations. All manipulations of 
these responding lymphocytes as well as the stimulator tumor cells are performed 
in RPMI 1640 medium with 10% human AB serum. Heterologous serum is not 
used at any time during these experiments. Stimulator tumor cells are prepared as 
described previously (Grimm et ai., 1982). 

Infusion of the 2-day activated cells from one leukapheresis (e.g., day 1) was 
given after the following leukapheresis (e.g., day 3) was completed. This cycle 
was repeated three times weekly (Monday, Wednesday, and Friday) for a total of 
7 to 15 leukaphereses and infusions. 

In 37 separate autologous mixed lymphocyte tumor cultures, 19 (51 %) positive 
proliferative responses have been seen. A sample culture exhibiting a modest pos
itive autologous mixed lymphocyte tumor interaction is shown in Table V. On 15 
occasions thus far, we have been able to obtain normal cells (either lung, liver, 
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TABLE V. Human Autologous MLTI8 

No. of tumor Tumor alone Tumor and PBL 
cells/well (cpm) (cpm) 

I x 105 1511 ± 365 1,482 ± 360 
0.5 x lOS 3479 ± 751 3,655 ± 469 
0.25 x 105 874 ± 279 6,734 ± 1658 
0.125 x lOS 1401 ± 186 15,946 ± 898 
0.06 x 105 218 ± 762 5,324 ± 1101 

0 702 ± 137 

• 10' PBL responders from a patient with sarcoma stimulated by autologous 
tumor. 
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colon, or small bowel) from the same individual from whom tumor cells were 
isolated. In seven of these experiments, we saw a similar degree of stimulation 
caused by normal cells as was caused by tumor cells. We are currently attempting 
to clone lymphoid cells from these cultures in an effort to find cells with specific 
antitumor reactivity. 

5. IN VIVO STUDIES IN HUMANS USING ACTIVATED KILLER 
LYMPHOCYTES 

A phase I clinical protocol was conducted to test the feasibility and toxicity 
of the infusion of large numbers of PHA-activated autologous PBL into humans 
(Mazumder et al., 1984). Measurements of the toxicity of this procedure, the 
presence of circulating activated cells on the traffic patterns of infused lllIn-labeled 
PHA-activated PBL, were conducted. Patients were accepted into this protocol if 
they had evaluable metastases and had failed all standard treatment and had an 
expected survival of greater than 3 months. Patients were excluded who had under
gone in the previous month any other form of therapy for their cancer. 

Leukaphereses were performed using either an Aminco Centrifuge II or IBM 
Model 2997, following standard procedures. An adjustable port optimized for lym
phocyte removal distributed the separated fraction to a plastic bag. Each leuka
pheresis lasted 3 hr and the procedure was repeated three times weekly. 

The mononuclear cells were then separated from the buffy coat by Fi
coll-Hypaque (LSM-Litton Bionetics, Kensington, Md.) gradient centrifugation, 
according to standard methods. The cells were washed three times with HBSS and 
were resuspended in medium consisting of RPMI 1640 (GIBCO, Grand Island, 
N. Y.) with 10% heat-inactivated human AB serum (KC Biological, Lenexa, Kans.), 
100 U/m] of penicillin, and 100 j.Lg/ml of streptomycin (NIH Media Unit). An 
aliquot of these fresh cells was cryopreserved in 90% human AB serum plus 10% 
dimethylsulfoxide for future in vitro testing. 

The mononuclear cells obtained above were placed into 175-cm2 (750 m!) 
incubation flasks (Falcon, Oxnard, Calif.) laid supine in 175 ml of medium con
taining 1.0 j.Lg/ml of PHA (Burroughs-Wellcome, Beckenham, England) at a con-
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centration of 2.5 x 106 cells/ml. The flasks were incubated at 37°C, 5% CO2, for 
40-48 hr. 

They were then harvested into sterile 250-ml centrifuge tubes (Falcon), washed 
three times with HBSS, and finally resuspended in 200 ml HBSS with 5% autologous 
plasma (obtained at leukapheresis) for infusion. 

On the morning of infusion, 2 x 109 PHA-activated cells were harvested as 
above and resuspended in medium. In some trials, cells were incubated with ap
proximately 1 mCi of 11 lin oxine (Mediphysics, South Plainfield, N.J.) for 30 min 
at 37°C with occasional shaking. The labeled cells were washed three times with 
HBSS and resuspended in 200 ml HBSS with 5% autologous plasma and infused. 

Gram stain and culture for aerobes, fungus, and anaerobes were carried out 
from the activation medium supernatant. The infusion was canceled if these gram 
stains or cultures were positive. 106 cells were initially infused over 5 min, followed 
by the remainder of the cells over 1 hr if no immediate reactions occurred. Vital 
signs were obtained preinfusion and every hour until stable. The first four patients 
had cardiac monitoring during their infusions. 

Infusion of the 2-day activated cells from one leukapheresis (e.g., day 1) was 
given after the following leukapheresis (e.g., day 3) was completed. This cycle 
was repeated three times weekly (Monday, Wednesday, and Friday) for a total of 
7 to 15 leukaphereses and infusions. 

5.1. Results of This Treatment Protocol 

A total of 10 patients were treated on the protocol (Mazumder et al., 1984) 
(Table VI). Six patients had pulmonary metastases from sarcoma (two synovial cell 
sarcoma, one epithelioid sarcoma, one osteosarcoma, one fibrosarcoma, and one 
undifferentiated sarcoma). Three patients had colorectal cancer metastases (one in 
the lung, two in the liver), and one patient had melanoma nodules in the skin. All 
patients had greater than several kilograms of body tumor burden and had failed 
all standard treatments. No patient demonstrated an antitumor effect of the cell 
infusions in this protocol. The ages of patients ranged from 22 to 60. The number 
of infusions given was from 7 to 15 and the total number of cells infused ranged 
from 1.6 to 17.1 x 1010. Patients 5, 6, 7, and 8 received 14 or 15 leukaphereses 
and reinfusions based on the finding of rapidly increasing numbers of circulating 
activated cells after six to seven infusions in the first four patients. 

The number of cells obtained from each leukapheresis and the recovery after 
2 days of PHA activation were variable in the patients. In patient 1, for example, 
the number of cells obtained from each of the nine leukaphereses varied between 
7.2 x 109 and 12.5 x 109 . The recovery from the 2-day PHA activation culture 
ranged from 59% to 100%. 

The toxicity of the cell reinfusion consisted primarily of fever and chills in all 
patients. The symptoms were self-limited and generally returned to normal within 
18 hr after the infusion. Shaking chills were occasionally seen as well though were 
easily controlled by meperidine. In each of three patients tested, there was a mean 
decrease of 30% in the pulmonary Dco between the pulmonary function test per
formed immediately before and after infusions. However, in all three patients the 
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Dca returned to baseline within 24 hr and remained nonnal on follow-up studies. 
Thus, it appears that large numbers of PHA-activated autologous cells can be safely 
obtained and infused into humans (up to 17.1 x 1010 cells over 5 weeks). 

In vivo cell distribution studies were perfonned for the initial and final infusions 
in patient 9 and for the initial infusion in patient 10, with similar results. In patient 
9, from the estimated blood volume, a maximum of 6% of the infused counts was 
detected in the peripheral blood I hr after the infusion of IIlIn-labeled PBL. Sig
nificant radioactivity could be recovered for a prolonged period of time (up to 2 
weeks) after the infusion. Greater than 90% of the counts in the blood was in the 
cellular fraction of the whole blood collected during the first 96 hr and during this 
time, very few cell-free counts (less than 0.1 % of the injected dose) were found 
in the urine. 

The percent of counts remaining in the entire body remained high for a pro
longed period of time, with almost 70% of the initial counts remaining for 2 weeks. 
In the initial infusion, the cells appeared to migrate preferentially to the spleen and 
liver rather than the lungs with a rapid tripling of the initial counts over these organs, 
concurrent with a rapid decrease in counts over the lungs and heart. Subsequently, 
counts in the lungs and heart continued to decline while substantial activity persisted 
in the liver and spleen. It was also found that while the counts over the nonnal 
thigh did not vary significantly from the baseline, a tumor mass in the tumor-bearing 
thigh appeared to continue to accumulate labeled PBL for up to 8 days after infusion 
although with counts much lower than those in the liver and spleen. 

Rectilinear scanning confinned this preferential distribution of labeled cells to 
the liver and spleen in the initial infusion seen in the organ point counting (Fig. 4, 
top). However, scanning at similar intervals after the final infusion revealed a 
different pattern of cell trafficking (Fig. 4, bottom). Whole body scanning at 24, 
48, and 96 hr after the initial infusion showed far fewer counts in the lungs than 

Patient #1 

(125:1 E:T Ratiol 
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7 8 

LEUKAPHERESIS NUMBER 

FIGURE 4. The distribution of infused 111ln-labeled autologous lymphocytes activated by PHA. 
Note that in the initial infusion (top), distribution in the first several days is exclusively to liver 
and spleen. By the final infusion, however, a substantial increase in distribution to the lungs is 
seen in the first 2 days after infusion. (From Mazumder et al., 1983b.) 
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in the liver and spleen as compared to the same intervals after the final infusion 
where much higher uptake in the lungs was seen. Also, the patient's tumor mass 
(left thigh) accumulated label visible on scans only in the final infusion. 

Thus, it appears that PHA-activated cells migrate preferentially to the liver 
and spleen with some accumulation in the tumor and lungs, especially after repeated 
infusions. 

5.2. In Vitro Testing 

In vitro tests were carried out in all patients using unstimulated cells obtained 
directly from the leukaphereses to determine whether there were circulating activated 
cells (Mazumder et at., 1983b). Background incorporation of [3H]-TdR into un
stimulated PBL in medium alone for 2 days increased four- to fivefold in cells from 
late compared to early leukaphereses. This increase could be further enhanced by 
the addition of LF IL-2 in the 2-day assay. 

The presence of circulating activated cells was further assayed by lysis of fresh 
human tumor cells by fresh PBL obtained directly from the leukaphereses. Figure 
5 shows that the lysis of fresh tumor cells by circulating lymphocytes collected 
from the successive leukaphereses also increased. In fact, in 9 of 10 patients tested, 
the lysis of fresh tumor cells (autologous in four cases and allogeneic for the 
remainder) increased from a mean of 2% initially, to a mean of 31 % on successive 
fresh PBL collections. It should be emphasized that in all of our in vitro experiments 
performed to date with fresh, unstimulated PBL from cancer patients, these protocol 
patients are the only ones whose fresh PBL consistently show lysis of fresh tumor 
cells in a short-term 5lCr-release assay. As with the [3H]-TdR uptake, in the patients 
who had a higher number of leukaphereses, the lysis of tumor rose until about the 
ninth leukapheresis and then remained at a high level. 

FIGURE 5. lysis of fresh autologous tumor 
cells by PBl taken from patients prior to each 
leukapheresis of PHA-activated killer cells. Note 
the increase in killer cell activity directed against 
fresh autologous tumor present in the periph
eral blood of this patient that increases with 
successive leukaphereses. (From Mazumder 
et al., 1983b.) 
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Thus, it appears that we can achieve an increase in the number of circulating 
activated cells, and maintain a high level of activated cells in the circulation with 
repeated infusions of autologous PHA-activated lymphocytes. 

6. SUMMARY 

In this brief review we have described our approach to developing an adoptive 
immunotherapy that may be applicable to the treatment of human tumors. This 
approach is based on the expansion in IL-2 of appropriately sensitized lymphoid 
cells reactive against autologous tumor. In several mouse models we have been 
able to develop cell lines and clones capable of prolonging survival or curing mice 
with syngeneic local and disseminated tumors. In the human we are attempting to 
develop cells capable of reacting with fresh autologous tumors using two main 
approaches. Activated killer cells, which can be simply activated by a variety of 
techniques, are currently being studied both in vitro and in vivo. Attempts are also 
being made to develop specific lines or clones of human lymphoid cells expanded 
in IL-2 with reactivity against fresh autologous human tumor. It is hoped that the 
development of such lines may prove to be of value in the adoptive immunotherapy 
of autologous tumors. 
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1. INTRODUCTION 

19 

Studies of the sequence of lymphocyte differentiation and the identification of factors 
associated with differentiation have been important but difficult areas of research. 
In part the difficulty arises from the complexity of the regulation. In T-cell differ
entiation a variety of experimental approaches have demonstrated a sequence in
volving the initial commitment of a bone marrow stem cell population, the matu
ration of this popUlation in the thymus, and finally functional differentiation which 
occurs following antigenic stimulation. The last step in differentiation resulting in 
the generation and expansion of fully functional cytotoxic T cells can be demon
strated to be due to interleukin-2 (IL-2). Conceivably, comparable events may be 
involved in the differentiation of functional helper T cells capable of producing a 
variety of lymphokines including IL-2. The factors which regulate the differentiation 
of precursors of either helper or cytotoxic T cells are not known. The requirement 
for the thymic microenvironment for this phase of T-cell differentiation has been 
well established and represents the basis for studies of thymus derived factors 
capable of promoting T-cell differentiation. Studies directed at identifying factors 
which regulate the differentiation of "prothymocytes" from bone marrow stem cell 
populations have been more limited due to the lack of appropriate assays for this 
stage of differentiation. In order to approach this phase of differentiation we have 
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studied factors which regulate the distribution and ontogeny of cells expressing the 
enzyme 20-a-hydroxysteroid dehydrogenase (20aSDH) which has been proposed 
to be acquired early in T-cell differentiation. As summarized in this review, IL-3 
is a specific lymphokine which is capable of inducing 20aSDH in stem cell pop
ulations and can be shown to induce a lymphocyte with a prothymocyte phenotype. 
In addition, other phenotypes are induced indicating that the prothymocyte phe
notype may be only one progeny of the IL-3 lineage. 

2. DISTRIBUTION AND ONTOGENY OF 20aSDH-POSITIVE 
LYMPHOCYTES 

IL-3 was initially identified as a factor in conditioned media of mitogen
stimulated T cells which could induce the expression of the enzyme 20aSDH in 
nulnu splenic lymphocytes (Ihle et al., 1981b). An interest in such a factor came 
from a variety of studies suggesting that 20aSDH expression was uniquely asso
ciated with T-cell differentiation (Weinstein, 1977, 1981; Weinstein et al., 1977; 
Pepersack et al .• 1980). Some of these data are summarized in Table I which shows 
the distribution and ontogeny of 20aSDH-positive cells. In normal mice, 20aSDH 
is found in peripheral lymphoid tissues where it is primarily found in Thy-I-positive 
lymphocytes. In the thymus, 20aSDH is uniquely associated with Thy-I-positive, 
PNA-nonagglutinated, hydrocortisone-resistant medullary thymocytes. This popu-

TABLE I. Distribution and Ontogeny of 20 aSDH-Positive Cells 

In vivo distribution 
Nonna! 

Peripheral lymphoid tissues 

Thymus 

Bone marrow 
Genetically athymic or newborn 
thymectomized 

Peripheral lymphoid tissues 
Bone marrow 

Ontogeny 
Predominant differentiation 2-5 days after 
birth concomitant with the differentiation of 
TdT+ thymocytes 

Cell lines: Distribution 
Present 

Absent 

Thy-l +, Lyt-l +2- (80%) 
Thy-l- (20%) 
Thy-l +, Tdl, PNA-, Con A responsive 
IL-2-responsive medullary thymocyte 
Thy-l- blast population 

Not detectable 
Thy-l- blast population 

Il-2-dependent cytotoxic T cells 
Helper T-cell-like lines Thy-l +, Lyt-l +2-
IL-3-dependent cell lines 
B-celliines 
Macrophage/myelomonocytic lines 
TdT+ T-cell lines 
Erythroleukemias 
Melanoma, fibroblastic, etc. 
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lation of thymocytes is capable of responding to Con A and following stimulation 
can be further expanded in vitro with IL-2. Conversely, the PNA-agglutinable, 
terminal transferase-positive, hydrocortisone-sensitive population of corticol thy
mocytes is deficient in 20aSDH. In the bone marrow, 20aSDH is primarily as
sociated with a Thy-I-negative blast population. The most provocative evidence 
relating 20aSDH expression to the T-cell lineage comes from the observation that 
the peripheral lymphoid tissues of nulnu athymic or newborn thymectomized mice 
have levels of 20aSDH which are dramatically lower than those observed in normal 
mice. 

A relationship of 20aSDH expression to the T-cell lineage has also been 
suggested from the ontogeny, during development, of 20aSDH-positive cells. In 
particular, only low levels of 20aSDH are present in tissues from fetal mice in
cluding fetal liver or spleen. The lack of high levels of 20aSDH in fetal liver is 
important as this is a major embryonic source of non-T-cell hematopoietic cell 
differentiation. The majority of 20aSDH-positive cells appear between 0 and 5 
days after birth with the ontogeny of functional T cells, cellular infiltration of the 
thymus, and the ontogeny of terminal transferase-positive cells. As noted above, 
newborn thymectomy eliminates the appearance of 20aSDH-positive peripheral 
lymphocytes. 

The distribution of 20aSDH in a variety of cell lines provides further evidence 
for a T-cell-lineage restriction. In particular, a wide variety of cell types have no 
detectable 20aSDH activity including B-cell lines, macrophage/myelomonocytic 
cell lines, erythroleukemia cell lines, melanoma cell lines, and fibroblastic cell 
lines. Among the T-cell lines examined, a wide variety of terminal transferase
positive T-cell lymphoma lines have been found to be 20aSDH negative. This result 
is consistent with the in vivo data which demonstrated that terminal transferase
positive, cortical thymocytes lacked 20aSDH. A number of Thy-I-positive , terminal 
transferase-negative, helperlike T-cell lines have been found to have very low levels 
of 20aSDH. Among the lines examined, the highest levels of 20aSDH have been 
found to occur in IL-2-dependent cytotoxic T-cell lines. In addition to the above, 
the only other cell lines which have been found to express 20aSDH are IL-3-
dependent cell lines which as noted below characteristically express 20aSDH. 

3. INDUCTION OF 20aSDH EXPRESSION IN VITRO WITH IL-3 

The presence of 20aSDH in bone marrow Thy-I-negative lymphoblasts as 
well as in the medullary thymocyte population suggested that the induction of 
20aSDH in the T-cell lineage might occur early in differentiation and specifically 
prior to the stage at which they acquire IL-2 responsiveness. Therefore, we reasoned 
that a factor capable of inducing 20aSDH in appropriate stem cells might be 
important in T-cell differentiation and developed an assay based on the induction 
of expression of 20aSDH in cultures of nulnu splenic lymphocytes. Using this 
assay a factor was detectable in conditioned media from mitogen-stimulated lym
phocytes which could induce 10- to I5-fold increases in 20aSDH activity over 24 
hr. Maximal induction occurred rapidly with a peak of induction evident at 24-36 
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TABLE II. Sources of IL-3 

Con A, PHA-stimulated nonnal splenic lymphocytes + 
Con A, PHA-stimulated nu/nu splenic lymphocytes 
LPS-stimulated nonnal splenic lymphocytes 
Antigen-stimulated Thy-! +, Lyt-! +2- immune specific lymphocytes + 
Mitogen- or antigen-stimulated helper/inducer T cells + 
Conditioned media from Thy-I + WEHI-3 cells + 
Mitogen, PMA-stimulated P388DI, RAW 264, PU5-18 

hr suggesting that the factor was directly promoting 20aSDH expression. Because 
the factor was biochemically distinguishable from other lymphokines and because 
the assay was designed to measure an effect on T-cell differentiation, the term 
interleukin-3 was proposed to distinguish it from other factors affecting T-cell 
differentiation. 

The major, if not exclusive source of IL-3 is T cells. As indicated in Table 
II, IL-3 activity is readily detectable in conditioned media from mitogen-activated 
normal splenic lymphocytes but is not detectable in conditioned media from com
parably treated splenic lymphocytes from nu/nu athymic mice (lhle et al., 1981b). 
The B-cell mitogen LPS does not induce IL-3 activity in cultures of normal splenic 
lymphocytes. IL-3 has also been shown to be induced by immunologically specific 
Thy-l +, Lyt-l +2- helperlike T cells from immunized animals (lhle et al., 1981a) 
and has been shown to be produced by antigen-specific cloned helper/inducer-like 
T -cell lines (Prystowsky et al., 1982). The only possible exception to the evidence 
which suggests an exclusive T-cell origin of IL-3 is the constitutive production of 
IL-3 by the WEHI-3 cell line (Lee et al., 1982) which has been classified as a 
myelomonocytic cell line (Warner et al., 1969). The ability of the WEHI-3 cell 
line to produce IL-3, however, clearly distinguishes it from a variety of other 
myelomonocytic/macrophage cell lines. In addition to IL-3 production, the WEHI-
3 cell line is also distinguishable from the other myelomonocytic/macrophage cell 
lines by the expression of Thy-I. The uniqueness of the WEHI-3 line for Thy-l 
expression and IL-3 production suggests that either it is a myelomonocytic line 
which aberrantly expresses these properties or perhaps the initial characterization 
of the WEHI-3 line failed to recognize its potential T-cell lineage and relied on 
less specific criteria of lineage classification. 

4. PURIFICATION AND BIOCHEMICAL CHARACTERIZATION 
OF IL-3 

The availability of a highly specific assay requiring only 24 hr and of a cell 
line which constitutively produced high titers of IL-3 has allowed the development 
of a purification scheme capable of yielding microgram quantities of homogeneous 
IL-3. This purification scheme has been described in detail and therefore will not 
be discussed here (Ihle et al., 1982c, 1983). The criteria which were used to indicate 
purity of the final preparation included: (I) the presence of a single major protein 
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detectable on SDS-PAGE which migrates with an apparent molecular weight of 
28,000; (2) the presence of a single N-terminal sequence of Asp-Thr-His-Arg-Leu
Thr-Arg-Thr-Leu; (3) elution as a single peak from the final chromatography step 
with a constant biological specific activity across the peak; (4) an EDso (effective 
dose for 50% of maximal biological activity) of 0.2 ng/ml which corresponds to a 
molar concentration of approximately 10-11 M; and (5) the ability of the iodinated 
protein to specifically bind in radioreceptor assays to cell lines known to require 
IL-3 for growth but not to control cell lines. Using this type of preparation of IL-
3, a number of the biochemical properties have been examined. The charge of 
homogeneous IL-3 is heterogeneous and appears to be due to the presence of 
carbohydrate. By direct analysis, 100 j.Lg of IL-3 contains approximately 12 j.Lg of 
glucosamine. By amino acid composition, the protein moiety of IL-3 is approxi
mately 15,000 daltons. One possible glycosylation site has been detected at residue 
10 in the sequence. Attempts to remove the carbohydrate and assess biological 
activity have not been possible, because under the conditions employed the activity 
was lost prior to the removal of the carbohydrate, suggesting denaturation. The 
amino acid composition is somewhat notable in containing a high percentage of 
charged residues (= 38%). The N-terminal sequence through 29 residues shows 
no homology to any proteins contained in an atlas of protein structure (Dayhoff, 
1976) and in particular shows no regions of homology to the sequence of IL-2. 
Efforts are currently being directed at cloning the gene for IL-3 to obtain more 
sequence information for comparison with other lymphokines. 

5. BIOLOGICAL ACTIVITY OF HOMOGENEOUS IL-3 

Early in studies employing homogeneous IL-3 it became evident that the 
induction of 20aSDH in an appropriate precursor lymphocyte in nu/nu spleen might 
represent only the initial step in a series of events mediated by IL-3. The spectrum 
of events and their possible sequence were first appreciated by following the phe
notypic changes occurring in cultures of nu/nu splenic lymphocytes in IL-3. As 
shown in Fig. 1, there are a number of changes which occur in such cultures. The 
earliest event detectable is the induction of 20aSDH activity in cultures which 
occurs maximally at 1-2 days. The peak of the specific activity of cells for 20aSDH, 
however, does not occur until approximately 7-8 days, reflecting the loss of non
responding cells and the expansion of early, highly 20aSDH-positive cells. This 
level of specific activity decreases subsequent to the peak at 1 week and levels off 
at a specific activity of approximately 1000 pmoleslhr per 108 cells. In the cultures 
there is a dramatic increase in Ly-5-positive and H-ll-positive cells, suggesting 
the acquisition of these markers with time in culture. This was further substantiated 
by the observation that elimination of Ly-5-positive cells with antibodies and com
plement does not reduce the initial 20aSDH-inducible population. In addition to 
Ly-5 and H-11, there is a lower but consistent increase in Thy-I-positive cells and 
to a lesser degree Lyt-2-positive cells. This population does not persist in the 
cultures, however, and by 40 days no Thy-I- or Lyt-2-positive cells are detectable. 
The specificity of response seen for Thy-I, Lyt-2, Ly-5, or H-ll is indicated by 
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FIGURE 1. Sequence of phenotypic changes occurring in cultures of nulnu splenic lymphocytes 
in IL-3. Splenic lymphocytes from nulnu mice were cultured with IL-3 for the indicated times 
and analyzed for the percentage of the cells expressing the markers indicated (top panel) by 
FACS analysis. The cells were also assayed for 20uSDH which is presented as the total enzyme 
activity present in early cultures (0) or as the specific activity in long-term cultures (e). Last. 
the cell-associated histamine was assayed at the indicated times (':::'). 

the observation that a marker associated with B cells (6B2) as well as a macrophage 
marker (Mac-I) (not shown) decrease with time in culture. Last, the levels of 
histamine in the cultures increase from about 1 week in culture and peak at ap
proximately 3 weeks and then decline. Consistent with this, granulated, mastlike 
cells become evident in the cultures at approximately I week and increase with 
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time such that after 2-3 weeks the cultures are homogeneous populations of mastlike 
cells. At various times of culture, cloning attempts have not yielded lines of IL-3-
dependent cells of a homogeneous phenotype. Moreover, although the cultures 
survive for up to 2 months, the rate of proliferation decreases with time and in our 
experience rarely gives rise to long-term factor-dependent cell lines. These results 
as well as others have suggested that in such cultures IL-3 initiates an obligatory 
sequence of differentiation which has as the major progeny a population of mastlike 
cells. In addition, other progeny, such as a Thy-I-positive population, may be 
generated and may not survive. 

6. IL-3-DEPENDENT LYMPHOMA CELL LINES 

Although the above approach has suggested the possibility of a sequence of 
differentiation with the production of multiple phenotypes, the inability to clone 
and expand various transient phenotypes has made it difficult to precisely study the 
phenotypes and their continued responses to IL-3. This limitation has been partially 
overcome by the realization that a substantial percentage of the leukemias induced 
by Moloney leukemia virus (MoLV) are within an IL-3-regulated lineage of cells 
and can be established as stable long-term IL-3-dependent cell lines in culture. The 
phenotypes of these lymphoma cell lines are quite variable but represent the types 
present in cultures of nulnu splenic lymphocytes differentiating in the presence of 
IL-3. The mechanisms involved in the induction of such lymphomas are not precisely 
known, although a number of observations have provided the basis for a hypothesis 
involving chronic immune stimulation. The details of many of the experiments on 
which this hypothesis was formulated have been described in previous reviews (Ihle 
and Lee, 1981; Ihle et al., 1982a; Lee and Ihle, 1981a, 1981b). The essence of 
the hypothesis is that as a consequence of the establishment of an acute viremia, 
following inoculation of MoL V into newborn mice, there is the recruitment and 
expansion of helperlike T-cell populations which are immunologically specific for 
viral proteins and which can be readily detected in vitro in T-cell blastogenesis 
assays or by their ability to produce lymphokines such as IL-3 or IL-2 in vitro in 
response to specific viral proteins. In vivo the presence of helperlike T cells and 
the high levels of viral antigens are speculated to combine to continuously produce 
lymphokines, resulting in the dramatic expansion of lymphokine-responsive pop
ulations. In the presence of viremia but in the absence of helper T cells, this 
expansion does not occur nor does the viremia induce leukemia. The expanded 
lymphokine-responsive populations and particularly the IL-3-regulated populations 
are hypothesized to be necessary as a target cell population for either viral or somatic 
events associated with transformation. From an analysis of the lymphomas as dis
cussed below, it has been suggested that transformation does not involve loss of 
factor dependency for proliferation but rather represents the inability to continue 
to terminally differentiate normally. 

The properties of a few primary lymphomas induced by MoL V in BALB/c 
mice are given in Table III from which several IL-3-dependent cell lines were 
established. In all cases the primary tumors were splenic lymphosarcomas with no 
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TABLE III. Establishment of IL-3-Dependent Lymphoma Cell Lines 

Growth in IL-3 
Animal No. rhy-I 20CtSDH IL-3 binding tissue culture dependence 

118 ++ 46 0.65 
119 ++ 29 0.43 
120 ++ 62 0.95 
121 ± 404 3.93 +DA-24 + 
122 + 483 1.25 +DA-27 
123 ++ 2736 1.30 +DA-28 + 
124 142 0.92 +DA-29 + 
125 66 0.41 
126 ++ 254 0.83 +DA-30 + 
127 + 87 0.96 -DA-25 + 
128 + 79 0.98 +DA-31 + 
129 + 92 0.64 +DA-32 + 

evidence of thymic involvement. Although the majority of the lymphomas were 
Thy-I positive, there is a 5-10% frequency of Thy-I-negative lymphomas. A 
number of the lymphomas were found to have high levels of 20aSDH (> 100 
pmoles/hr per 108 cells) which initially suggested that some of the tumors might 
be of an IL-3-regulated lineage. More importantly, however, a number of the 
lymphomas had cells which showed significantly elevated levels of specific binding 
of iodinated, homogeneous IL 3 (> 0.5%), suggesting the presence of IL-3-specific 
receptors on some of the lymphoma cells. When these various lymphomas were 
cultured in media containing IL-3, 8 of the 12 gave rise to continuous cell lines 
whereas in the absence of IL-3, none of the lymphomas could be established as 
continuous cell lines. Among these lines, in long-term culture one became inde
pendent of IL-3 for growth whereas seven remained factor dependent for growth. 
From such studies involving various strains of mice and various retroviruses, ap
proximately 100 factor-dependent lines have been established and characterized for 
a variety of properties. All the factor-dependent cell lines examined have readily 
detectable receptors for IL-3 as characterized by standard radioreceptor binding 
assays (Palaszynski and Ihle, 1984). In contrast, the factor-independent lymphoma 
cell lines lack such receptors. Among the lines, therefore, there has been an absolute 
correlation between the presence of IL-3 receptors and a dependence on IL-3 for 
proliferation. In addition, all of the factor-dependent cell lines have readily de
tectable 20aSDH although the levels vary from 102 to 105 pmoles/hr per 108 cells. 
In contrast, the IL-3-independent lymphoma cell lines have values of 20aSDH 
which are < 102 pmoles/hr per 108 cells. 

The cell surface phenotypes of the lymphomas as well as the presence or 
absence of IgE receptors and histamine vary but can be grouped into a limited 
number of phenotypes. The phenotypes are summarized in Fig. 2 where they are 
organized into a potential scheme of differentiation based on overlapping charac
teristics as well as experimental data from other approaches. The most common 
phenotypes observed in the lines are represented by the DA-3, DA-4, and P-cell 
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FIGURE 2. Proposed sequence of IL-3-induced differentiation. Various aspects are considered 
in detail in the text. The boxed elements indicate cell lines which have been established which 
are of the indicated phenotype. 

phenotypes. In these lines the cells are either homogeneous populations of granulated 
cells which express IgE receptors and histamine or consist of mixtures of non
granulated cells and granulated mastlike cells. Occasionally as with DA-3 the 
lymphoma line continuously generates both granulated mastlike cells as well as an 
adherent nongranulated population. Most of these types of cell lines are Thy-l-, 
Ly-5 + , H-Il + , and Ia + although the expression of Ia has been more variable than 
the other markers. A number oflymphoma cell lines (e.g. DA-24) are lymphoblastic 
and nongranulated in morphology and lack detectable histamine or IgE receptors. 
The phenotype represented by DA-5 is also relatively common in which case the 
cells are nongranulated and lymphoblastic in morphology. These lines are distinctly 
characterized, however, by the constant generation of Thy-l + cells which as shown 
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FIGURE 3. FACS analysis of Thy-1 expression in the DA-5 cell lines. Exponentially growing 
cultures of the DA-5 IL-3-dependent lymphoma cell lines were used in FACS analysis of Thy-
1 expression. The results are plotted as light scatter (LS) versus fluorescence intensity (F) with 
the topographical lines indicating the number of cells. 

in Fig. 3 can be identified as very distinct populations by FACS analysis. Curiously, 
none of the IL-3-dependent cell lines has been 100% positive for Thy-l cells. In 
contrast, most of the IL-3-independent cell lines such as DA-2 are 100% Thy-l +. 

7. PROPOSED SEQUENCE OF IL-3-INDUCED 
DIFFERENTIATION 

From the above data and others, the presumed sequence of IL-3-induced dif
ferentiation is as indicated in Fig. 2. In particular, we propose that IL-3 induces a 
stem cell to initially become a strongly 20aSDH-positive cell which initially is Thy-
1-, Ly-5-, H-ll-. This phenotype is represented by one IL-3-dependent cell line 
which was derived from a long-term bone marrow culture (C3H sffv) (Ihle et al., 
1982b). Subsequently the cells become Ly-5+ and H-ll + which are markers ex
pressed on all other Il-3-dependent cell lines. The major sequence of differentiation 
detected in vitro in cultures of nulnu splenic lymphocytes results in a population 
of Thy-l-, Ly-5 + , H-ll + , IgE receptor-bearing histamine-containing mastlike cells 
which have limited growth potential in vitro. This phenotype is identical to that 
described for P cells (Schrader et al., 1981). In addition to mastlike cells, Thy-l + 
progeny are generated which fail to continue to proliferate in the cultures and may 
represent a progeny which is a precursor for further differentiation mediated by 
factors distinct from IL-3. In a comparable manner, the adherent cell population 
cannot be maintained and may require additional factors for continued differentia
tion. 
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8. ADDITIONAL BIOLOGICAL ACTIVITIES OF IL-3 

The above scheme would predict that IL-3 should be similar to a number of 
recently described factors. To address this question, homogeneous IL-3 has been 
assayed and found to have the activities ascribed to a variety of factors. It should 
be noted that in all cases the dose-response curves were compared and shown to 
be identical to the curves obtained for 20aSDH induction (Ihle et al., 1983). It 
should also be cautioned that in many cases IL-3 appears to be only one distinct 
protein capable of mediating a particular activity. The additional activities that can 
be mediated by homogeneous IL-3 include WEHI-3 growth factor activity or hem
opoietic growth factor which is a factor derived from WEHI-3 cells which is required 
for the maintenance of a variety of factor-dependent cell lines established from 
long-term bone marrow cultures (Dexter et al. 1980; Greenberger et al., 1979, 
1980, 1981; Ihle et al., 1982b). These cell lines have been characterized with regard 
to cell surface phenotypes, expression of 20aSDH, and presence of IL-3 receptors 
and are identical to a number of the MoL V-induced IL-3-dependent lymphoma cell 
lines (lhle et al., 1982b). Using either WEHI-3 conditioned media or media from 
mitogen-stimulated lymphocytes, it has been shown that IL-3 is either the major 
or exclusive factor required for the proliferation of a number of these cell lines in 
vitro. 

The differentiation scheme also predicts that IL-3 may be similar to factors 
such as a mast cell growth factor described by several laboratories (Nagao et al., 
1981; Nabel et al., 1981; Schrader et al., 1981; Razin et al., 1981; Yung et al., 
1981) and histamine-producing cell-stimulating factor activity (Dy et al., 1981). 
As predicted, homogeneous IL-3 has been shown to have these activities (Ihle et 
ai., 1983). Moreover, from mitogen-stimulated lymphocytes, IL-3 appears to rep
resent the major protein with this activity although the possibility exists that other 
proteins may mediate the activity but which constitute lesser levels of activity either 
by virtue of the physical mass of the protein or by virtue of the frequency of 
appropriate precursor cells. It should also be noted that terms such as mast cell 
growth factor may be misleading in implying strictly proliferation-inducing activity 
without reference to the more important parameter of differentiation. 

IL-3 is also identical to a factor in conditioned media of mitogen-stimulated 
lymphocytes which is capable of inducing the expression of Thy-l in cultures of 
bone marrow cells (Schrader et ai., 1982; Prystowsky et al., 1983). Curiously in 
this case, the only activity detectable is associated with IL-3 and specifically IL-2 
neither induces Thy-l expression nor proliferation of bone marrow cells, suggesting 
that its activity is limited to mature thymic processed T cells. These observations 
are of interest for as noted above, the phenotype of medullary thymocytes is Thy-
1 +, 20aSDH+ which is the phenotype induced by IL-3 in cultures of Thy-I-depleted 
bone marrow cells. This observation coupled with the frequent occurrence of IL-
3-dependent lymphoma cell lines which generate Thy-l + cells suggest the possi
bility that one progeny ofIL-3-induced differentiation may be a prothymocyte which 
requires the thymic microenvironment for further maturation. 

Homogeneous IL-3 also has been shown to induce bone marrow cells to form 
colonies in soft agar and therefore has a colony-stimulating activity. This activity, 
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however, is clearly associated with a variety of biochemically and biologically 
distinct proteins and does not constitute a specific assay. In particular, conditioned 
medium from mitogen-stimulated lymphocytes contains a major colony-stimulating 
factor representing approximately 95% of the total activity which can be resolved 
from IL-3 on DEAE-cellulose columns. This activity has been designated CSF-2 
to distinguish it from CSF-l which is described in detail elsewhere in this volume. 
Thus, in terms of the total CSF activity, the IL-3-specific component represents 
< 5%. The CSF-2 activity is biologically distinguishable from IL-3 in that it does 
not induce 20aSDH, does not support the differentiation of mastlike cells, does 
not induce proliferation of IL-3-dependent cell lines, and does not induce Thy-I. 
Moreover, an antiserum against IL-3 which inhibits IL-3-induced colony formation 
does not inhibit CSF-2-induced colony formation. 

9. CONCLUSIONS 

The biological activities mediated by homogeneous IL-3 provide a relatively 
simple conceptual view of a lineage of cells regulated by a specific lymphokine. 
We would propose that a lineage exists which is uniquely promoted to differentiate 
in the presence of T-cell-derived IL-3. This IL-3 lineage is characterized by the 
expression of 20aSDH, the presence of receptors for IL-3, and an absolute re
quirement for the continual presence of IL-3 once differentiation is initiated. The 
progeny of this differentiation include a prothymocyte population, an adherent 
population which is not well characterized, and a population of mastlike cells. Thus, 
a stem cell population, regulated by other factors, generates a potential IL-3-re
sponsive cell. In the presence of IL-3, this cell is committed to differentiate along 
the IL-3-lineage pathway. Additional factors in some cases may be required to 
terminally differentiate some of the progeny such as potential prothymocytes. In 
certain leukemias, transformation can occur within this lineage and phenotypically 
results in a block in the terminal differentiation of the cells with retention of factor 
dependence for growth. Although this hypothesis is somewhat different than con
temporary views of hematopoiesis, it is consistent with the available data and 
represents our current working hypothesis to further explore the properties of IL-
3. 
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Lymphotoxins, a Multicomponent 
Family of Effector Molecules 
Purification of Human 
a-Lymphotoxin from a Cloned Continuous 
Lymphoblastoid Cell Line IR 3.4 to 
Homogeneity 
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1. INTRODUCTION 

Human lymphotoxins (LT) are a multicomponent family of related and distinct cell
lytic and growth inhibitory glycoproteins (Toth and Granger, 1979). They are 
inducible and can be released specifically when immune lymphoid cells are cocul
tured with the immunizing antigen or nonspecifically when nonimmune lymphoid 
cells are cocultured with lectins (Daynes and Granger, 1974; Granger and Williams, 
1968; Granger et al., 1969). An exception to the inducible mode of release of these 
effector molecules is that certain continuous human lymphoblastoid cell lines con
stitutively release low levels of LT in vitro (Fair et at., 1979; Granger et al., 1970; 
Khan et al., 1982). There is now evidence that certain LT forms may have a role 
as lytic effectors in different classes of cell destructive reactions mediated by human 
lymphocytes in vitro (Weitzen et ai., 1983a,b; Yamamoto et ai., 1979, 1984b). 
However, the situation is complex for it is clear that different classes of effector 
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lymphocytes (T cells, NK cells) can release different L T forms (Harris et al., 1981; 
Weitzen et al., 1983a,b; Wright and Bonavida, 1982; Yamamoto et al., 1984a). 
Moreover, in these reactions the different LT forms may assemble together to induce 
cell lysis as molecular complexes or alternatively may act as individual components 
on a target cell in a synergistic fashion. LT found in supernatants from stimulated 
normal human lymphocytes are heterogeneous and can be grouped into different 
molecular weight classes: [complex (> 200,000); a heavy (aH, 120,000-140,000); 
a(70,000-90,000); ~ (30,000-50,000); and )'(12,000-20,000) (Granger et al., 
1978; Klostergaard et al., 1981c)]. Members of the a and ~ classes can be further 
separated into subclasses based on differences in their charge by electrophoresis 
and ion-exchange chromatography (Granger et al., 1978; Hiserodt et al., 1976; Lee 
and Lucas, 1976). Recent findings indicate that certain of these molecular weight 
classes are an interrelated subunit system (Harris et al., 1981; Yamamoto et al., 
1978). The a is a key form for it can assemble with immunoglobulin-like molecule(s) 
to form the larger molecular weight classes and either by proteolysis or by subunit 
disassociation act as a precursor for one set of ~ and)' forms (Harris et al., 1981). 
However, there are multiple ~-class forms which are distinct and released by 
different classes of effector cells (Harris et al., 1981; Yamamoto et al., 1984b). 

Functional studies with LT -containing supernatants or partially purified mo
lecular-weight classes derived from experimental animals and man reveal that they 
each can have different cell-lytic ability (Klostergaard et al., 1981c; Lisafeld et 
al., 1980; Yamamoto et al., 1979). Because the murine L-929 fibroblast is lysed 
by LT forms from most animal species, it has been widely used as an indicator for 
many types of in vitro LT assays (Ross et al., 1979). Initially, the L cell provided 
a sensitive assay for these molecules; however, the exclusive use of this target as 
an indicator also has had a negative effect for it is now clear that the L-929 cell is 
not sensitive to all human LT forms and is uniquely sensitive to others (Devlin et 
al., 1981; Yamamoto etal., 1979). This heterogeneity has made biochemical studies 
of these molecules more difficult than other lymphokines. Nevertheless, attempts 
have been made by various investigators to purify different L T forms from both 
human and animal sources. 

The actual kinetics, levels, and species of LT molecule(s) released in a given 
culture vary according to the type of inducing stimulus, the class of lymphocyte 
responding, and the state of activation of the responding cell(s). For example, 
polyclonal stimulating agents can induce release of LT forms from multiple cell 
populations, whereas antigen only stimulates immune cell populations. Different 
types of lymphocytes can release both common and unique classes and subclasses 
of LT molecules; and preactivated cells can release higher levels of LT more rapidly 
upon secondary stimulation when compared to a primary stimulation (Daynes and 
Granger, 1974; Granger et al., 1980). 

What is now necessary is the identification, purification, and functional study 
of key LT forms from defined populations of lymphocytes. The a component is an 
important LT form for it can (1) be released by both T and B lymphocytes, (2) be 
assembled by T cells into larger multimeric forms with increased cell-lytic capa
bilities and associated with immunoglobulin-like molecules, and (3) can serve as 
a precursor for smaller ~- and )'-LT forms (Devlin et al., 1983; Yamamoto et aI., 
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1979). We have selected and cloned a human lymphoblastoid cell line (termed IR 
3.4 cells) that releases high levels of (l-LT in vitro. In addition, we have also 
developed methods to stimulate, produce, and purify significant quantities of (l-LT 
from IR 3.4 cells (Yamamoto et al., 1984a). 

2. METHODOLOGY AND RESULTS 

2.1. L T Assay 

The (l L-929 murine fibroblast, because of its sensitivity to human (l-LT, was 
used as the target cell either to quantitate L T activity or to simply detect its presence 
or absence in a sample. The methods employed in these assay systems have been 
described (Kramer and Granger, 1972). The number of units of a particular LT 
preparation is identified from the reciprocal of the dilution causing 50% lysis of 
the L-cell targets (l05 cells), and one unit of LT activity is defined as that amount 
of material that will destroy 50% of the target cells. This bioassay will detect (l
LT activity in the low picomole range. 

2.2. Selection of a Continuous Cell Line Releasing the (l-L T Form 

Previous studies identified (l-LT-secreting continuous human lymphoid cell 
lines; however, the levels of LT released were very low and these cells could not 
be induced by stimulation with lectins to increase levels of L T secretion (Yamamoto 
et al., 1984a). We have rescreened and identified a number of LT-secreting con
tinuous human lymphoblastoid cell lines (Yamamoto et al., 1984a). The selection 
of the cell line as a potential (l-L T source was determined by two criteria: (l) the 
lytic product was identified as the (l form by both biochemical and immunological 
methods, and (2) the cells release high levels of (l-LT when induced with phorbol 
myristate acetate (PMA) under serum-free in vitro conditions. The continuous B
lymphoblastoid cell line GM3104A, while meeting both requirements, offered an 
additional advantage over the other cell lines-the HLA genotype had been estab
lished (HLA, A:3,3; B:35,35; C:4,4; D:l,l; DR:l,!) (Human Genetic Mutant Cell 
Repository, Camden, N.J.). A variant of the GM3104A cell line, termed IR 3.4, 
was developed by multiple rounds of cloning and selection for high-level (l-LT 
production (Yamamoto et al., 1984a). 

2.3. Supernatant Production 

The IR 3.4 .cells were grown to a density of 106 cells/ml in RPMI 1640 
supplemented with 10% heat-inactivated fetal calf serum (RPMI-lO%) in no x 550-
mm roller bottles containing 500 ml of culture medium. The cells from each roller 
bottle were washed three times by alternate sedimentation and resuspension with 
serum-free RPMI 1640; and finally resuspended at a cell density of 5 x 105 cells/ 
ml in RPMI 1640 supplemented with 0.1 % lactalbumin hydrolysate (LAH) and 20 
ng PMAIml. These production conditions were derived from careful studies of 
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various parameters to achieve maximal a-LT release (Yamamoto et al., 1984a). 
Next, 500 ml of cell suspension was added to each roller bottle and the bottles 
incubated at 37°C for 72-96 hr. After incubation, the supernatants were cleared of 
cells by centrifugation at 450g for 10 min. The cell pellets were then restimulated 
and supernatants were collected a second time under identical conditions. Under 
these culture conditions, the IR 3.4 cells routinely produced 1000-2000 U of LT 
activity/ml, whereas unstimulated IR 3.4 cells only produced 50-100 VIm!. Bio
chemical and immunological studies revealed 50-60% of this activity was due to 
a-LT; the remainder was due to an immunologically unrelated (3-class LT form. It 
is important to note that this (3-class LT form is not normally produced by these 
cells, providing evidence that the type of inducing stimulus can control the class 
of LT released by a lymphoid cell in vitro (Yamamoto et al., 1984a). LAH is used 
as a serum substitute in these cultures because it: (1) appears to protect the a-LT 
molecule from proteolysis and results in twice as much a-LT from cultures con
taining LAH, and (2) it can be easily separated from the a-LT by molecular sieving 
(Yamamoto et al., 1984a). During these studies, we found PMA would not induce 
the release of cell-lytic materials from various nonlymphoid cells (i.e., HeLa, L-
929, WI-38), and that PMA did not render the target cell more sensitive to LT
lysis when treated with PMA (Yamamoto et al., 1 984a) . 

2.4. Purification of the ex-L T Form from IR 3.4 Supernatants 

Cell-free supernatants from PMA-activated IR 3.4 cells were first passed through 
a controlled-pore glass (CPG) column. Two liters of supernatant was passed over 
a 15-ml CPG column at a flow rate of 100 mllhr. The CPG column routinely 
absorbed 85-90% of the lytic activity expressed in these supernatants. The amount 
of lytic activity desorbed from CPG columns with 50% ethylene glycol (in 10 mM 
Tris, 0.1 mM EDTA, pH 8.0 buffer) was 20% of that in the starting supernatant. 
The eluant contained from 9 to 14% of the total protein detected in the starting 
supernatant as determined by a Bio-Rad protein assay. We subsequently have found 
that the yield of bioactivity can be increased to 90% by eluting with 50% ethylene 
glycol in 1 M NaC!. However, all studies reported here were conducted with material 
eluted from CPG in glycol minus NaC!. The CPG elutant was next dialyzed against 
a low-salt Tris buffer and applied to and then eluted from a DEAE ion-exchange 
column. As can be seen in Fig. 1, 10-20% of the lytic activity routinely did not 
bind to the DEAE column. The remaining lytic activity eluted as a single major 
peak at 0.03 M NaC! while the majority of the protein eluted at 0.15 M NaC!. The 
two lytic peaks were pooled and assayed in the presence of an antiserum generated 
against a purified a-LT (Yamamoto et al., 1978). The anti-a sera failed to neutralize 
the first lytic peak from the breakthrough of the DEAE column but completely 
neutralized the second lytic peak that eluted in the 0.03 M NaCI region of the 
DEAE column. Both of these lytic peaks were pooled separately and chromato
graphed over an Ultrogel AcA 44 molecular sieving column. The breakthrough 
peak off of DEAE eluted as a (3-class LT and the second peak eluted as an a-class 
LT from the molecular sieving column. These studies revealed that most of the 
activity eluted from CPG with 50% ethylene glycol was due to the a molecule; 
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FIGURE 1. Elution profile of desorbed ex L T fraction from CPG separated in a DEAE cellulose 
column. The column is equilibrated in 10 mM Tris-HCI, 0.1 mM EDTA (pH 8.0), and the protein 
eluted with a 0-0.3 M linear gradient of NaCI. Absorbence at 280 nm (- 0 - 0), conductivity at 
room temperature (- - - -), and Iymphotoxin activity (-) are plotted versus the fraction num
ber. 

thus, the recovery of the a activity from CPG was from 40 to 80% of the amount 
in the unfractionated supernatant. The lytic activity from the major lytic peak was 
pooled and subjected to further biochemical separation on a 3-mllentil-Iectin affinity 
column. The pooled lytic activity from the DEAE column was passed through the 
lentil-lectin column at a flow rate of 12 rnlJhr at 25°C. The lentil-lectin column 
removed frpm 90 to 98% of the lytic activity applied to the column. The lytic 
activity was then desorbed with 40 ml of 200 mM a-methyl-D-mannoside buffer. 
The amount of lytic activity desorbed from the lentil-lectin column was 40-45% 
of the activity applied and contained 3-11 % of the total protein in the sample 
applied to this column. The lytic activity desorbed was next concentrated by ul
trafiltration and aliquoted in I-ml samples containing 2 x 105 U of lytic activity. 
A sample was radioiodinated according to the method of Klostergaard et al. (1981 b) 
and then subjected to electrophoresis in 7% native PAGE tube gels according to 
the method of Davis (1964). The gels were then cut into I-mm slices, counted in 
a Beckman Biogamma counter, and then LT activity was eluted from each slice 
by incubation in 0.3 ml of RPMI 1640 supplemented with 3% FCS for 18 hr at 
4°C and tested for toxic activity on L cells as described previously (Klostergaard 
et al., 1981a). The results of this study indicate that the lentil-lectin sample contained 
multiple components, but a good separation of lytic material (Rf 0.32) and nonlytic 
material (Rf O.84) was achieved so final separation of the lentil-lectin material could 
be achieved on a high-capacity preparative native PAGE column run by the tech
nique of Furlong et al. (1973). The bioactivity was run and eluted from the pre
parative PAGE as described previously (Klostergaard et al., 1981a). This sample 
was then radiolabeled with 1251 and the labeled material was rerun on 5 and 7% 
native PAGE tube gels. The data shown in Fig. 2 and 3 illustrate that both radio
activity and bioactivity migrate as a single coincident peak in both 5 and 7% native 
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FIGURE 2. Migrations of bioactivity and radioactivity of 0: L T fraction from preparative gel 
electrophoresis on 5% acrylamide native PAGE tube gels. Radioactivity (0) and lytic activity 
(e) of each gel slice was determined. 
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FIGURE 4. TWO-Oimensionai (0.1% SOS reducing 15% acrylamide) slab gel of 1251 labeled IR 
3.4 a L T fraction form by preparative PAGE. Molecular weight markers were phosphorylese B 
(94,000 MW), BSA (67,000 MW), ovalbumin (43,000 MW), carbonic amhydrase (30,000 MW), 
soybean trypsin inhibitor (20,000 MW), and lysozyme (14,400 MW). 

PAGE gels, respectively. The sample was next analyzed on a two-dimensional 
SDS-reducing slab gel as described by O'Farrell (1975). Figure 4 shows the au
toradiograph of one of these gels and it is evident that a single 68,000-dalton peptide 
is present in the sample. However, no bioactivity could be recovered from these 
gels because the SDS at the concentration used abolished all detectable lytic activity. 
Additional studies revealed the material obtained from preparative PAGE columns 
elutes from molecular sieving in Ultrogel AcA 44 columns as 70,000- to 90,000-
dalton (a-class) L T activity. The bioactivity and radioactivity in these samples focus 
over a broad pH range (6.5-7.5) in column isoelectric focusing. This broad spread 
is also seen in the focusing dimension of the O'Farrell gels. This purification scheme 
has been adapted to large-scale preparation methods in our laboratory. 

3. DISCUSSION 

The use of PMA has made possible the production of high-activity supernatants 
from the continuous human B-Iymphoblastoid cell line IR 3.4. These high-activity 
supernatants provide the means to obtain quantities of purified a-LT from a defined 
and cloned lymphoid cell type for structural and functional studies. We are now 
also studying a discrete ~-LT form distinct from the a form from human cytotoxic 
T-cell clones (Yamamoto et ai., 1984b). The a-LT produced by PMA-activated 
IR 3.4 cells was purified to apparent homogeneity by a combination of several 
biochemical procedures. The data for complete purification runs for two supernatant 
lots from the IR 3.4 cells are shown in Table I. There is a 5500- to 6500-fold 
purification after the lentil-lectin step with approximately 3% recovery of the original 
LT activity of the whole supernatant. The preparative PAGE gel removed about 
80% of the contaminating radiolabeled protein, resulting in an additional 5-fold 
purification. Thus, the final step resulted in a 25 ,000- to 30,OOO-fold purification 
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TABLE I. Biochemical Purification Scheme of the IR 3.4 0: L T 

Protein 
Separation Supernatant Percent recovery 

method lot of LT units" % RecoverY' Purification factor 

CPG 
18 9 11.11 

2 22 14 7.14 

DEAE 
1 7.5 0.58 172.41 
2 7.6 0.15 666.67 

Lentil Lectin 1 3.0 0.015 6666.67 
2 3.4 0.017 5882.35 

Preparative PAGE 1 1.5 0.003 33333.34 
2 2.0 0.0034 29411.75 

" Percent recovery of LT from the original starting IR 3.4 supernatant as calculated by the formula: 
Total LT units after biochemical step x 100 

Total L T units from unseparated supernatant 

b Percent recovery of protein from the original starting IR 3.4 supernatant as calculated by the formula: 
Total protein after biochemical step x 100 

Total protein from unseparated supernatant 

, Purification factor as calculated by the formula: 
Percent starting protein 

Percent recovery 

of the a-LT. An exact calculation of specific activity of the a-LT in the final 
fractions is not possible because of the fluctuation in the bioassay itself. However, 
specific activity ranged from a low of 107 to a high of 8 x 107 U/mg protein. The 
a-LT from the IR 3.4 cell line appears to be a 68,000-dalton peptide which is in 
agreement with the a-LT molecule purified from lectin-stimulated normal human 
lymphocytes (Klostergaard et ai., 1981b) and a material immunoprecipitated from 
the human complex LT form by anti-a sera (Devlin et ai., 1983). It is interesting 
that Aggarwal et ai. (1982) found a 20,000- to 25,000-dalton peptide(s) in SDS
reducing gels of their purified a-LT from the RPMI 1788 cell line. However, it is 
clear that these two LT forms are related for we have found that their antiserum 
prepared against the RPMI 1788 a-LT and our antiserum prepared against a-LT 
from tonsil and adenoid lymphocytes neutralize activity of both a forms. Studies 
are currently under way to examine the differences between the IR 3.4 a-LT and 
the RPMI 1788 a-LT peptides. This is an important issue for our model would 
have the a form create 13- and -y-LT forms by protease clevage and their mode 
would indicate subunit disassociation. 

A spectrum of studies are under way in our laboratory to examine functional 
capabilities of this purified a-LT form. Because of space and time limitations, a 
complete description of some of these data is not possible; however, we would like 
to point out several important new observations obtained from in vitro studies. 

We have conducted preliminary studies examining the effects of purified a
LT on nondividing target cells of continuous and primary nature and have found 
three patterns of activity: (1) L-929 cells were highly sensitive; (2) HeLa, T-24 
(human carcinoma of the bladder), and WI-38 V A-13 (virus-transformed human 
lung fibroblasts) were lysed with 700-800 U; and (3) non-virus-infected WI-38 
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cells, primary fibroblasts, and a human fibrosarcoma (HT-1080) were resistant to 
lysis by 1500 U of activity. While these are interesting results and suggest this 
molecule may be more effective on continuous vs. primary cells in vitro, a broader 
selection of target cells must be examined to clearly define the lytic effectiveness 
of this molecule on not only continuous tissue culture cells, but on primary short
term cultures of neoplastic cells isolated from freshly excised human tumors. In 
addition, we found a-LT is very effective in destroying various targets treated with 
sublethal levels of various anticancer drugs in vitro. This effect is pronounced and 
normally sublethal levels of the a molecule become cell-lytic when tumor cells are 
treated with very low levels of chemotherapeutic agents. 

Another very interesting finding is the ability of purified a-LT to act in synergy 
or antagonistically with purified human interferons (IFN). Williams and Bellanti 
(1983) recently reported t~at 10-100 U of purified IFN from Nomalva cells and 
recombinant DNA sources dramatically increased the sensitivity of human WI-38 
and HeLa to lysis by LT-containing unseparated supernatants from PHA-stimulated 
tonsil and adenoid cells. In extensive experiments, we have repeated these results 
with purified a-LT and human a-, 13-, and -y-IFN. We have found that pretreatment 
of HeLa, HT-1080, and normal fibroblasts with 1-10 U of purified a-, 13-, or -y
IFN for 8-24 hr makes these cells fully sensitive to nonlethal levels of IR 3.4 a
LT. The situation is complex for not all IFN are equally effective on each target, 
but vary on an individual basis with the type of target employed. Moreover, at 
higher levels of IFN (l00-500 U), some degree of antagonism or resistance to lysis 
by these mediators was observed. It will be interesting to examine the collaborative 
effects of human IFN and a-LT on the outcome of virus infection on cells in vitro. 
These studies may provide information on a new mechanism(s) of host resistance 
to virus infection. All these data are currently being prepared for publication; 
however, they are supportive of the testing of a-LT as a possible anticancer agent 
perhaps in conjunction with one or more classes of human IFN or various chemo
therapeutic agents. 

4. SUMMARY 

Studies with human LT have revealed a complex situation for LT forms are 
heterogeneous and different types of lymphocytes release different LT forms. More
over, the types of LT released may vary with the type of inducing signal. To resolve 
this situation, we have begun studies of key LT forms released by defined popu
lations of human lymphocytes in vitro. A human lymphoblastoid cell line was 
identified which releases high levels of a- and I3-LT when stimulated with PMA 
in vitro. Methods to produce and purify quantities of the a-LT form from this cell 
line have been developed. The a molecule appears to be a 68,OOO-dalton peptide. 
Initial functional studies with the purified molecule indicate exciting new results 
which suggest in addition to a possible role in lymphocyte-mediated cytolytic re
actions: (1) the a form may have antitumor effects in vitro; (2) the molecule has 
increased effects on cells treated with anticancer agents; and (3) the a form can 
both synergize and antagonize the effects of human a-, 13-, and -y-IFN in vitro. 
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These findings have far-reaching effects on the possible role of a-LT acting alone 
as an anticancer agent in certain cases, or in combination with IFN or chemotherapy; 
and finally, IFN and LT synergy may have implications on host resistance to virus 
infections. 
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1. INTRODUCTION 

21 

The cytotoxicity of lymphocytes toward allogeneic target cells in vitro was first 
shown by Govaerts (1960). This was later confirmed by Rosenau and Moon (1961). 
It was demonstrated that lymphocytes, when activated with antigen or mitogen, 
secrete a soluble cytotoxin which was named lymphotoxin (Granger and Kolb, 
1968). Since then a number of established human lymphoid cell lines have also 
been reported to produce a similar cytotoxic molecule (Amino et al., 1974; Granger 
et al., 1970; Shacks et al., 1973; Papermaster et al., 1976). The activity of lym
photoxin has been tested against a number of cell lines both of animal and human 
origin. It has been demonstrated by several workers that lymphotoxin is both cy
tostatic and cytolytic to target cells (Evans and Heinbaugh, 1981; Rosenau, 1981; 
Sawada et al., 1976). Most of the biological studies with lymphotoxin have been 
performed with relatively crude preparations. The isolation of lymphotoxin has been 
a rather difficult task due to its heterogeneous nature and also because of the small 
amounts produced by normal lymphocytes and various lymphoid cell lines. We 
have purified human lymphotoxin from several hundred liters of cell conditioned 
medium derived from the lymphoblastoid cell line RPMI 1788. Using purified 
material we have also examined the in vitro effects of lymphotoxin on human tumor 
and normal cells. 

BHARAT B. AGGARWAL, BARBARA MOFFAT, and RICHARD N. HARKINS. Department of 
Protein Biochemistry, Genentech Inc., South San Francisco, California 94080. SANG HE 
LEE. Department of Pharmacological Sciences, Genentech Inc., South San Francisco, California 
94080. 
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2. BIOASSAYS FOR L YMPHOTOXIN 

Over the last 15 years, several qualitative and quantitative assays have been 
developed for detecting lymphotoxin activity. These assays can conveniently be 
separated into two distinct categories based on the metabolic effects of lymphotoxin 
on a target cell. The assays dependent on the metabolic effects of lymphotoxin 
have included the reduced uptake of [3H]thymidine (Smith et at., 1977), the decrease 
in protein synthesis as monitored by the uptake of 14C-labeled amino acids (Granger 
and Williams, 1968), and the changes in cell permeability as indicated by the release 
of potassium (Walker and Lucas, 1972), release of cytoplasmic marker enzymes, 
and exclusion of vital stains (Smith et at., 1977). 

The majority of lymphotoxin assays are based on its cytolytic action on target 
cells. The lysis of cells by lymphotoxin can be enhanced by pretreatment with 
either actinomycin D (Walker and Lucas, 1972) or mitomycin C (Spofford et at., 
1974). Cell lysis is quantitated either by direct counting of unlysed cells (Kolb and 
Granger, 1968; Gately and Mayer, 1972) or by staining the residual cells with 
neutral red or crystal violet (Khan et at., 1982a). The most sensitive target cell 
lines for this assay include mouse fibroblast L-929 cells (Kramer and Granger, 
1972) and mouse lymphoma L-121O cells (Smith et at., 1977). The latter cell line 
is known to produce lymphotoxin activity and is therefore not as suitable as mouse 
L-929 fibroblast cells. We have developed an assay for lymphotoxin involving the 
lysis of mouse L-929 cells pretreated with actinomycin D. This assay is done in 
microtiter plates and it allows the screening of several samples during purification. 
The antibiotic (1 fLg/ml)-treated cells were incubated with serially diluted lympho
toxin samples for 18 hr at 37°C and lysis was determined by staining unlysed cells 
with crystal violet, followed by monitoring the absorbance at 550 nm using a 
Microelisa Autoreader (Fig. 1). A 50% reduction in cell viability compared to 
control values is used as an operational standard unit of lymphotoxin. 

3. SOURCES OF L YMPHOTOXIN 

It has been shown that T and B lymphocytes (Shacks etat., 1973), macrophages 
(Kramer and Granger, 1972), and natural killer cells (Wright and Bonavida, 1982) 
secrete cytotoxic factors. The relationship of these secreted factors derived from 
different cell types is not known. The cytotoxic activity released by lymphocytes 
was named lymphotoxin (Granger and Kolb, 1968). The most common sources of 
human lymphotoxin include peripheral blood lymphocytes and lymphocytes derived 
from tonsils, adenoids, and lymph nodes. These lymphocytes can be stimulated by 
a wide variety of substances to secrete lymphotoxin. Besides normal lymphocytes, 
several human lymphoblast cell lines have also been described which secrete factors 
having lymphotoxin activity (Granger et at., 1970; Amino et at., 1974; Papermaster 
et at., 1976). Usually these cell lines exhibit B-cell surface markers. We have used 
the human lymphoblastoid cell line RPMI 1788 as a source of lymphotoxin. This 
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FIGURE 1. Effect of serially (twofold) diluted purified human Iymphotoxin on actinomycin D
treated L-929 mouse fibroblast cells. Cells treated with control medium are shown in two top 
lanes. Both x and y axes represent serially diluted purified Iymphotoxin sample. 

cell line can be conveniently grown in both roller bottles and spinner flasks and is 
fairly stable for its production of lymphotoxin. We can grow these cells up to 65 
hr in a serum-free medium and carry out the purification of lymphotoxin activity 
after the cell supernatants are harvested. 

4. METHODS OF PURIFICATION OF LYMPHOTOXIN 

Most of the methods employed for the purification of human lymphotoxin have 
included DEAE-cellulose chromatography, gel filtration, preparative gel electro
phoresis, and isoelectric focusing (Russell et al., 1972; Granger et al., 1973; Peters 
et al., 1973). Some workers have also used ammonium sulfate precipitation as a 
purification step for lymphotoxin (Amino et al., 1974). The use of lectin affinity 
chromatography and of hydrophobic chromatography on alkyl agarose columns 
have also been reported (Klostergaard et al., 1980). Due to the minute amount of 
protein encountered during purification, Klostergaard et al. (1980) performed io
dination on partially purified lymphotoxin, which allowed them to purify lympho
toxin to electrophoretic homogeneity. 

In our laboratory we have purified lymphotoxin from cell supernatants using 
controlled-pore glass chromatography, DEAE-cellulose and lentil-lectin Sepharose 
chromatography (Aggarwal et al., 1982). After lectin chromatography, lymphotoxin 
could be further purified by preparative PAGE and by reverse-phase high-pressure 
liquid chromatography (HPLC) on a CIS column. 
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5. BIOCHEMICAL PROPERTIES OF HUMAN L YMPHOTOXIN 

Kolb and Granger (1968) reported that lymphocytes from human adenoid 
tissues, when stimulated with phytohemagglutinin (PHA) , secrete heat-sensitive 
and trypsin-resistant lymphotoxin with a molecular weight of 80,000-90,000 (see 
Table I) and an isoelectric point of 6.8-8.0 (Granger et al., 1973). Peters et al., 
(1973) showed that stimulated lymphocytes derived from human peripheral blood, 
tonsils, adenoids, and thoracic duct lymphs elaborate lymphotoxin of a molecular 
size 80,000-150,000, precipitable at 37-50% ammonium sulfate, and stable to heat 
at 56°C for 45 min but destroyed at 85°C in 15 min. The lymphotoxin derived from 
human lymphoid cell lines has been shown to be stable at 20°C for over a year, at 
4°C for 3 weeks, and at 37°C for 1 week (Amino et al., 1974). It was also shown 
to be stable at a pH range from 5 to 11. Walker et al. (1976) have reported that 
human blood lymphocytes secrete two different species of lymphtoxin which have 
molecular weights of 75,000 and 45,000, respectively. However, it was shown that 
antibodies against smaller forms would neutralize the activities of the larger species. 
In 1978, Granger's laboratory reported that stimulated human lymphocytes from 
tonsils and adenoid tissues secrete lymphotoxin molecules which differ in molecular 
size and charge (Granger et al., 1978). They showed, based on molecular weight, 
four separate classes: complex (> 200,000), ex (70,000-90,000), 13 (25,000-50,000), 
and -y (10,000-20,000), representing 5-20, 40--60,20-40, and 0-10% of the total 
lymphotoxin activity, respectively. Based on the charge, the ex class was further 
separated into exl (Rr 0.25), ex2 (Rf 0.37), and ex3 (Rf 0.50) subclasses. The 13 class 
was separated into 131 (Rf O.28) and 132 (Rf 0.49). Whether these various Iymphotoxin 
species are aggregates or breakdown products of a single form of lymphotoxin, or 
associated with other proteins, has not been fully resolved. However, it has been 
shown that the complex class of Iymphotoxin (> 200,000) is a macromolecular 
assemblage of smaller molecular weight ex-, [3-, and -y-lymphotoxin classes (Ya
mamoto et al., 1978). Klostergaard et al. (1980) have reported an ex heavy 
(120,000-150,000) and an ex light (70,000-90,000) subclass of Iymphotoxin and 
claimed to have purified these forms to electrophoretic homogeneity (Klostergaard 
and Granger, 1981; Klostergaard et al., 1981). This is the only report thus far that 
has been made on the purification of lymphotoxin to homogeneity; yet there were 
few data on the chemical characterization of the molecule. 

Human lymphotoxin purified in our laboratory has been characterized by mo
lecular sieving chromatography, SDS and native PAGE, isoelectric focusing, and 
reverse-phase HPLC. Furthermore, purified lymphotoxin was also examined by 
amino acid analysis and tryptic mapping. A preliminary amino acid sequence has 
also been determined. We have reported previously that human lymphotoxin from 
RPMI 1788 is a single molecular species with an apparent molecular weight of 
64,000 on Sephadex G-lOO (Aggarwal et al., 1982). This molecule can dissociate 
into a monomeric form of molecular weight around 20,000 by SDS-PAGE. Fur
thermore, it has been found that antibodies against our RPMI 1788-derived lym
photoxin will neutralize most of the bioactivity of lymphotoxin derived from stim
ulated peripheral blood lymphocytes (Vilcek et al., personal communication) or 
that derived from stimulated lymphocytes of tonsils and adenoids (Granger and 
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Yamamoto, personal communication). This suggests a fundamental immunological 
and structural similarity among many forms of lymphotoxin previously observed 
from these three sources. 

The purified lymphotoxin derived from cell line 1788 was run on CIS reverse
phase HPLC. As shown in Fig. 2, a single major peak of protein was noted which 
eluted with about 50% acetonitrile and 0.1 % trifiuoroacetic acid. Purified lympho
toxin was also found homogeneous on SDS-PAGE. The relative mobility of lym
photoxin on native 7.5% polyacrylamide gels (Laemmli, 1970) was 0.33 and had 
an isoelectric point (pI) around 5.8 which is slightly higher than the theoretical pI 
of 4.4 obtained from the amino acid composition. The latter indicated that human 
lymphotoxin contains high amounts of proline, glutamic acid, and aspartic acid 
residues but low amounts of cysteine, methionine and tryptophan. Treatment of 
purified lymphotoxin with 5% trypsin cleaves the molecule into two major fragments 
of molecular weight 15,000 and 5000. Furthermore, it was also noted that lym
photoxin activity is trypsin resistant. Purified lymphotoxin was also examined for 
its heat stability (Table II). Lymphotoxin is stable for up to 30 min at 60°C but 
90% of the activity is lost at 80°C in 5 min. These observations are consistent with 
those of Peters et al. (1973). 

6. BIOLOGICAL ACTION OF L YMPHOTOXIN 

It has been demonstrated by several workers that partially purified preparations 
of lymphotoxin derived from human lymphocytes cause lysis of target cells from 
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FIGURE 2. Reverse-phase high-pressure liquid chromatography of purified Iymphotoxin from 
human Iymphoblastoid cell line 1788. 
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TABLE II. Heat Stability of Human 
Lymphotoxin 

Temperature (0C) 

Control 
60 

80 
100 

Time (min) 

5 
15 
30 
60 

5 
5 

Bioactivity (units) 

233,100 
259,700 
588,000 
334,100 
125,370 
33,190 

360 

241 

different species in vitro (Kramer and Granger, 1976). The relative sensitivity varies 
greatly among target cells (Kolb and Granger, 1970; Shacks et al., 1973; Paper
master et al., 1976). Walker and Lucas (1972) have found that the addition of 
actinomycin D greatly increases the sensitivity of the cytotoxic response of lym
photoxin. Rosenau and Tsoukas (1976) reported that simultaneous addition of lym
photoxin and actinomycin D produces a cytolytic response in a cell line that shows 
no effect to lymphotoxin alone. Furthermore, it was demonstrated in a stem cell 
assay that lymphotoxin acts as an antitumor agent against human lymphoma, ovarian 
carcinoma, and multiple myeloma (Khan et ai., 1982b). The tumor regression 
response of lymphotoxin is also enhanced by mitomycin C. The various antitumor 
and anticarcinogenic effects of lymphotoxin have been reviewed recently (Evans, 
1982). 

We have examined the growth inhibition properties of purified human 1ym
photoxin on human lung carcinoma A549 cells. As shown in Fig. 3, 60% growth 
inhibition was observed with 15,000 units. Recently, Williams and Bellanti (1983) 
have reported that human a-interferon could enhance the lymphotoxin-dependent 
lysis of HeLa cells. They used crude lymphotoxin for such studies. We have found 
that recombinant DNA-derived human ,,(-interferon acts synergistically with human 
lymphotoxin in inhibiting the growth of A549 cells (Fig. 3). Such synergism has 
also been observed when lymphotoxin and interferon were tested together on human 
lung fibroblast WI-38 cells transformed with SV -40 virus (Fig. 4). No effect was 
observed on normal lung fibroblast cells (WI-38). This suggests that lymphotoxin 
may be selective in its action to tumor cells and acts more effectively in combination 
with ,,(-interferon. 

7. CONCLUSION 

Lymphotoxin is an important lymphokine produced by lymphocytes and it has 
been purified to homogeneity and characterized. It is a protein with a molecular 
weight of 20,000 and the cytolytic activity is resistant to trypsin. It has also been 
shown that human lymphotoxin has a tendency to aggregate into higher molecular 
weight forms and cytolytic activity resides probably in a small protein fragment. 
Furthermore, it appears that lymphotoxin is selective in its cytostatic and cytolytic 
action toward tumor cells. However, the mechanism of such action is not well 
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FIGURE 3. Effect of Iymphotoxin (upper panel). recombinant human 'I-interferon (middle panel). 
and both in combination (bottom panel) on the growth of human lung carcinoma cells A549. 
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5000 U/",- HuIFN-y + 100 U/ .... HLT 

1000 U/ML HuIFN-y + 5000 U/ML HL T 

1000 U/ML Hu IFN-y + 1000 U/ML HLT 

1000 U/ML Hu IFN-y + 100 U/ .... HLT 

FIGURE 4. Effect of human Iymphotoxin and human recombinant 'I-interferon on normal and 
transformed human lung fibroblast cells. 

understood. It is also not known what detennines its specificity. Preliminary in
dications are that lymphotoxin could be a useful antitumor agent by itself or when 
used in combination with other interferons. 
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T-Cell Growth Factor 
Purification, Interaction with a Cellular 
Receptor, and in Vitro Synthesis 

RICHARD J. ROBB and YUAN LIN 

1. INTRODUCTION 

22 

T-cell growth factor (TCGF), also known as interleukin-2, is a small glycoprotein 
which provides a necessary signal for the proliferation of activated T cells (Morgan 
et ai., 1976; Gillis and Smith, 1977). The factor is released by T cells in response 
to antigen or lectin stimulation and requires the action of a second, macrophage
derived Iymphokine, termed interleukin-l, for its production (Smith et ai., 1980). 
Although the bioactivity of TCGF is antigen-nonspecific and often crosses species 
lines, specificity of the immune response is maintained by the requirement that a 
responding T cell be specifically activated before it expresses receptors for the 
growth factor (Bonnard et ai., 1979; Larsson, 1981). 

Although the role of TCGF in the T-cell immune response is known in general 
terms, many questions remain concerning its regulation and mechanism of action, 
as well as its involvement in non-T-cell responses. Such research has, in part, been 
hampered by the difficulty in purifying sufficient amounts of the factor to homo
geneity. Moreover, the factor or defects in its production have been implicated in 
a number of pathological disorders (Altman et ai., 1981; Gootenberg et ai., 1981), 
making large quantities of purified factor valuable for clinical analysis. This chapter 
describes approaches to the large-scale production and purification of TCGF. In 
addition, recent experiments on the characterization of the cellular receptor and of 
the mRNA for the factor are discussed. These experiments provide a framework 
for examining TCGF activity and regulation in molecular terms. 
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TABLE I. Immunoaffinity Purification of JURKAT TCGF8 

TCGF Specific 
Volume Proteinb activity Recovery activity Fold 

(ml) (mg) (U) (%) (U/mg) purification 

Cell supernatant 17,500 1600 2,200,000 (100) 1,380 (1) 
Supernatant 1,200 2,160,000 98.2 

concentrate 
F1owthrough 1,400 1550 870,000 39.6 560 0.41 

and washes 
pH 2.5 eluate 14.0 4.1 1,260,000 57.3 307,000 220 

a The cell supernatant was concentrated using an Amicon HIP5 hollow-fiber cartridge. The concentrated supernatant 
was chromatographed on a 4-ml column of Sepharose coupled with IgG, murine monoclonal antibody 46C8-A2 (8 
mg antibody/ml). 

b The quantity of protein was determined with the Lowry assay. 

2. PURIFICATION AND BIOCHEMICAL CHARACTERIZATION OF 
TCGF 

2.1. Immunoaffinity Purification 

The human T-cell line JURKAT was chosen for production of TCGF. Se
quential subcloning (by limiting dilution) of this cell line has allowed the selection 
of clones which are high producers of the growth factor and which retain good 
levels of its secretion over weeks and months in culture (Robb, 1982). Typically, 
such clones release 15-30 times more TCGF after stimulation with phytohemag
glutinin (PHA) and phorbol myristate acetate (PMA) than a comparable number of 
normal peripheral blood lymphocytes. 

TCGF in the supernatant of the stimulated JURKA T cells was enriched to 
> 98% purity by affinity column chromatography on Sepharose coupled with a 
murine monoclonal antibody (Table I) (Robb et al., 1983). The antibody bound 
only about 60% of the TCGF made by these cells. This selectivity might be related 
to modification of the threonine residue in position 3 of the protein chain. Elution 
of the column at low pH resulted in recovery of 98% of the bound factor. Analysis 
by gel electrophoresis demonstrated that the final product migrated as a single spot 
on two-dimensional gels (isoelectric focusing/SDS-PAGE) and that the bioactivity 
comigrated with the protein (silver stain) on both SDS-PAGE and isoelectric fo
cusing (Robb et al., 1983). 

2.2. Amino Acid Composition and Sequence Analysis 

The amino acid composition of immunoaffinity-purified TCGF (Robb et al., 
1983) is given in Table II. The molecule is quite hydrophobic with an unusually 
high content of leucine (nearly 1 of 6 residues). The composition agrees well with 
that derived from the cDNA sequence published by Taniguchi et al. (1983). Most 



T-CELL GROWTH FACTOR 249 

TABLE II. Amino Acid Composition of JURKAT TCGF 

Aspartic acid 12.0 
Threonine 1l.S 
Serine 6.S 
Glutamic acid IS.2 
Proline 5.9 
Glycine 2.S 
Alanine 5.5 
Cysteine 2.7 Hydrophobic 42.3% 
Valine 3.9 Acidic (amide) 23.1% 
Methionine 2.8 Basic 13.8% 
Isoleucine 8.2 Hydrophilic 20.8% 
Leucine 22.7 
Tyrosine 2.9 
Phenylalanine 6.0 
Histidine 2.9 
Lysine 10.6 
Arginine 4.1 
Tryptophan 0.9 

130.S 

of the minor discrepancies can be attributed to slight destruction of certain residues 
during hydrolysis (i.e., Thr, Ser, Met). 

Sequence analysis (Robb et ai., 1983) of several independent preparations of 
the factor indicated a single N-terminal sequence (Fig. 1) which was later confirmed 
by cDNA data (Taniguchi et ai., 1983). Position 3 yielded an unidentifiable PTH
amino acid derivative. Compositional analysis of the N-terminal tryptic octapeptide 
together with sequence analysis of TCGF mRNA by the primer extension method 
indicated that this residue was a threonine. Posttranslational modification of this 
residue, which accounts for the aberrant characteristics of the PTH-derivative, 
appears to be involved in the recognition of the molecule by the monoclonal antibody 
used for purification (Table I). Further sequence data have been obtained using 
tryptic peptides fractionated by reverse-phase HPLC. 

X 10 . 
NH2 - ALA - PRO - THR - SER - SER SER THR LYS - LYS THR 

20 
GLN - LEU - GLN - LEU GLU HIS LEU LEU LEU ASP 

30 
LEU - GLN - MET - ILE - LEU ASN - GLY - ILE - ASN - ASN 

TYR - LYS - ASN - PRO - LYS - LEU -

FIGURE 1. Amino-terminal sequence of immunoaffinity-purified JURKA T TCGF. Position 3 has 
undergone posttranslational modification. 
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FIGURE 2. Time course of internalization and degradation of cell-bound, radiolabeled TCGF 
at 37°C. A murine, TCGF-dependent cell line was incubated with pHI-Leu, Lys TCGF at DoC 
for 50 min followed by extensive washing. The cell suspension was then incubated at 3rC and 
aliquots were removed at the indicated times. Internalization was measured, in the presence of 
chloroquine to prevent degradation, by treating the cells for 30 sec at pH 4, a process which 
quantitatively removes intact, surface-bound factor. Degradation was estimated, in the absence 
of chloroquine, by treating the cell suspension at a 10% concentration of trichloroacetic acid 
and separating precipitable and nonprecipitable material. 
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3. ANALYSIS OF THE CELLULAR RECEPTOR FOR TCGF 

3.1. Internalization and Degradation of TCGF 

Binding studies on activated murine and human T cells using radiolabeled 
TCGF demonstrated the presence of a high-affinity receptor for the factor on TCGF
responsive cells (Robb et ai., 1981). As with other polypeptide factors (Olefsky 
and Kao, 1982), the cell-bound TCGF could be eluted intact at low pH if inter
nalization of the receptor-factor complex was prevented (as at 4°C). Using this 
technique, it was possible to show that cell-bound factor was rapidly internalized 
at 3rC (Fig. 2). After internalization, the factor underwent degra~ation (Fig. 2) 
in a process which was sensitive to chloroquine, a lysomotropic agent. 

3.2. Evidence for a Physiological Role 

The high-affinity binding of labeled TCGF appeared to have physiological 
significance since the level of proliferation induced by a given concentration of 
factor correlated roughly with the proportion of cellular receptors occupied at that 
concentration (Robb et ai., 1981). As an additional demonstration of the role of 
these receptors, the concentration of an anti-TCGF monoclonal antibody (9Bll
lE5) needed to block receptor binding and bioactivity was measured. As shown in 
Fig. 3, 9Bll-IE5 was capable of blocking, in a dose-dependent fashion, both the 
proliferative response of a TCGF-dependent cell line and the direct binding of 
radiolabeled factor by the same cells. Control IgG at the same concentrations had 
no effect on either measurement. As the level of antibody necessary to block high
affinity binding correlated well with that required to block proliferation, the binding 
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80 ~ 
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FIGURE 3. Inhibition by anti-TCGF monoclonal antibody 9811-1 E5 of the binding of rH)-Leu,Lys 
TCGF to a TCGF-dependent murine cell line (e) and of the proliferation ([3H)thymidine) of the 
same cell line (0). 
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of the factor by these receptors appeared to be directly involved in the physiological 
response. 

3.3. Comparison of Cellular Proteins Reactive with TCGF and Anti
Tac Antibody 

Recently, Leonard et al. (1982) demonstrated that an antibody, termed anti
Tac, blocked the binding of labeled TCGF to human T cells. The authors suggested 
that the antibody recognized the TCGF receptor. As a direct demonstration that the 
Tac antigen is capable of binding TCGF, radio labeled cellular proteins were frac
tionated on affinity supports coupled with either anti-Tac antibody or TCGF (Robb 
and Green, 1983). Both supports bound a single major component of 57 ,000-59,000 
daltons from detergent-solubilized PHA-blast cells (Fig. 4). 

In order to prove that the cellular components isolated in each instance were 
identical, sequential incubations were performed with the two affinity supports. 
Neither TCGF nor anti-Tac-coupled beads were able to bind appreciable radiolabeled 
molecules after two successive incubations with the alternative support (Table III). 
This result indicates that the Tac antigen, but not other surface molecules, contains 
a TCGF-binding site and that all Tac molecules appear to be capable of binding 
TCGF. Further study is necessary to determine how the binding to TCGF-coupled 
affinity supports relates to the high-affinity cellular binding detected at very low 
TCGF concentrations (Robb et al., 1981). 

4. CHARACTERIZATION OF THE mRNA FOR TCGF 

4.1. Time Course of TCGF mRNA Induction 

Although a high concentration of TCGF accumulated in the culture medium 
of JURKAT cells after 20 hr of stimulation with PHA and PMA, only a small 
amount of mRNA with TCGF activity could be recovered from these cells. Figure 

94 K -

67 I< -

43 K -

30 K-

A B 

-- 58,000 MW FIGURE 4. SDS-PAGE analysis (8.75% acry
lamide, with 2-mercaptoethanol) of detergent
solubilized molecules from [35Sjmethionine-la
beled human PHA-blast cells which bound to (A) 
TCGF-coupled Affigel or (B) anti-Tac-coupled 
Sepharose. 
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TABLE III. Sequential Binding of [3HjGlucosamine-Labeled Molecules from Human 
PHA-Blast Cells to TCGF-Coupled Affigel and Anti-Tac-Coupled SepharoseB 

Incubation No. I Incubation No. 2 Incubation No.3 

Anti- Anti- Anti-
TCGF- Tac- TCGF- Tac- TCGF- Tac-

Sample Affigel Sepharose Affigel Sepharose Affigel Sepharose 

13.870 3410 950 
2 22,340 840 300 

a Two identical samples of NP-40-solubililed molecules from ['HJglucosamine-labeled blast cells were subjected to 
three sequential incubations with TCGF-Affigel (10 111 beads, I mg TCGF/mJ) andlor anti-Tac-Sepharose (5 .... 1 
beads, I mg anti-Tac/ml). The results are given as dpm of 'H radiolabel in the pellet. Control IgG-coupled Sepharose 
or Affigel bound less than 2% of the above values. All bound radiolabel migrated at 58,000 daltons on SDS-PAGE. 

5 illustrates the TCGF mRNA activity from JURKAT cells after 5, 8, and 20 hr 
of stimulation. mRNA was isolated from the cytoplasmic fraction of the JURKAT 
cells by phenol-chloroform extraction and oligo-d(T) affinity column chromatog
raphy (Berger and Birkenmeier, 1979). The activity of the TCGF mRNA was 
determined by injecting the total mRNA into Xenopus oocytes (Gurdon et al .• 1971) 
which were able to synthesize and secrete biologically active TCGF (Lin et al .• 
1981). After 8 hr of stimulation, high levels of TCGF mRNA activity were recovered 
from JURKAT cells. 

i 100 
.... 
=> 
~ 
I-

~ 
I-
~ 30 

C\I 
I 

..J 20 

10 

IL-2 ACTIVITY FROM CULTURE MEDIUM. 

IL-2 ACTIVITY FROM OOCYTES 0 

o HRS. 20 HRS. 

HOURS AFTER STIMULATION 

FIGURE 5. TCGF activity from oocytes injected with JURKAT mRNA after the JURKAT cells 
were stimulated with PHA and PMA for 0,5,8, and 20 hr. Ten oocytes were used for each time 
pOint with each oocyte receiving - 50 .... 1 of 1 mg/ml mRNA. For comparison, TCGF activity 
from the JURKAT cell supernatants was assayed. TCGF bioactivity was determined by [3Hlthymidine 
incorporation in a cloned. TCGF-dependent murine cell line. 
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4.2. Translation of JURKAT mRNA in Oocyte and Wheat Germ 
Systems 

When mRNA from JURKAT cells was used to direct protein synthesis in 
oocytes and wheat germ lysate in the presence of [3SS]methionine, a prominent 
band appeared at 16,000 daltons on SDS-PAGE when the mRNA was derived from 
induced cells, but not when it was derived from uninduced cells (Fig. 6). This 
band, which represented> 1% of the total proteins synthesized by the total mRNA, 
was shown to comigrate with TCGF biological activity after elution of proteins 
from the sliced gel (Fig. 7). Oocytes were shown to be able to process (i.e., 
glycosylate and remove the signal sequence) the newly synthesized proteins. The 
TCGF synthesized by oocytes was biologically active in stimulating the growth of 
T cells and the activity was neutralized by monoclonal antibody 9Bll-1E5 (see 
Fig. 3). In the wheat germ system, however, if the 16,000-dalton protein is a form 
of TCGF, it does not have significant bioactivity. 

5. CONCLUSIONS 

1. TCGF was prepared in milligram quantities and purified to near homogeneity 
in a single step using an immunoaffinity column. 

2. The molecule has a relatively high content of hydrophobic amino acids. 
Sequence analysis so far reveals no evidence of microheterogeneity or discrepancy 
with the cDNA data of Taniguchi et al. (1983). 

3. After binding to a high-affinity cellular receptor, the factor was rapidly 
internalized and degraded. Such interaction with the high-affinity receptor appeared 
to be of physiological significance based on the similar dose-dependent effects that 
a monoclonal antibody to TCGF had on the binding reaction and cellular prolif
eration. 

2 3 4 

16k -

5 6 7 

FIGURE 6. Proteins synthesized using 
mRNA from JURKAT cells. Lanes 1 and 
2, from mRNA-injected oocytes: 1, no 
stimulation; 2, 8 hr of stimulation. Lanes 
3-7, from wheat germ lysate: 3, no stim
ulation; 4, 5 hr of stimulation; 5, 8 hr of 
stimulation; 6, 20 hr of stimulation; 7, 
globin mRNA. 
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FIGURE 7. Radioactivity and TCGF bioactivity from gel slices. Oocytes were injected with mRNA 
from JURKAT cells after 8 hr of stimulation and incubated in Barth medium in the presence of 
[35Sjmethionine. The secreted proteins were analyzed by 8DS-PAGE (15% acrylamide). Gel 
slices (2 mm) were analyzed for radioactivity and TCGF bioactivity. 

4. Direct comparison of the cellular proteins reacting with TCaF and anti
Tac-coupled affinity supports indicated that the Tac antigen is the cellular binding 
site for the growth factor. 

5. A subclone of JURKAT cells, when induced by PHA and PMA for 8 hr, 
produced high levels of TCGF-specific mRNA which was used to direct the synthesis 
of TCaF in both oocyte and wheat germ systems. The TCaF produced by oocytes 
was biologically active while that produced by wheat germ appeared inactive. 

REFERENCES 

Altman, A., Theofilopoulos, A. N., Weiner, R., Katz, D. H., and Dixon, F. J., 1981, Analysis of T 
cell function in autoimmune murine strains: Defects in production of and responsiveness to inter
leukin 2, J. Exp. Med. 154:791-808. 

Berger, S. L., and Birkenmeier, C. S., 1979, Inhibition of intractable nucleases with ribonucleo
side-vanadyl complexes: Isolation of mRNA from resting lymphocytes, Biochemistry 18:5143-5149. 

Bonnard, G. D., Yasaka, D., and Jacobson, D., 1979, Ligand-activated T-cell growth factor-induced 
proliferation: Absorption ofT-ceil growth factor by activated T-cells, J.lmmunol. 123:2704-2708. 

Gillis, S., and Smith, K. A., 1977, Long term culture of tumor-specific cytotoxic T-cells, Nature 
(London) 268:154-156. 



256 RICHARD J. ROBB and YUAN LIN 

Gootenberg, J. E., Ruscetti, F. W., Mier, J. W., Gazdar, A., and Gallo, R. c., 1981, Human cutaneous 
T cell lymphoma and leukemia cell lines produce and respond to T cell growth factor, J. Exp. 
Med. 154:1403-1417. 

Gurdon, J. B., Lane, C. D., Woodland, H. R., and Marbaix, G., 1971, Use of frog eggs and occytes 
for the study of mRNA and its translation in living cells, Nature (London) 233:177-182. 

Larsson, E.-L., 1981, Mechanism of T-cell activation. II. Antigen and lectin-dependent acquisition of 
responsiveness to TCGF is a nonmitogenic, active response of resting T-cells, J. Immunol. 
126: 1323-1328. 

Leonard, W. J., Depper, J. M., Uchiyama, T., Smith, K. A., Waldmann, T. A., and Greene, W. c., 
1982, A monoclonal antibody that appears to recognize the receptor for human T-cell growth factor: 
Partial characterization of the receptor, Nature (London) 300:267-269. 

Lin, Y., Stadler, B. M., and Rabin, H., 1982, Synthesis of biologically active interleukin 2 by Xenopus 
oocytes in response to poly (A)-RNA from a gibbon T-cell line, J. Bioi. Chem. 257:1587-1590. 

Morgan, D. A., Ruscetti, F. W., and Gallo, R., 1976, Selective in vitro growth ofT-lymphocytes from 
normal human bone marrows, Science 193:1007-1008. 

Olefsky, J. M., and Kao, M., 1982, Surface binding and rates of internalization of 1251-insulin on 
adipocytes and IM-9 lymphocytes, J. Bioi. Chem. 257:8667-8673. 

Robb, R. J., 1982, Human T-cell growth factor: Purification, biochemical characterization, and inter
action with a cellular receptor, Immunobiol. 161:21-50. 

Robb, R. J., and Greene, W. C., 1983, Direct demonstration of the identity of T-cell growth factor 
binding protein and the Tac antigen, J. Exp. Med. 158:1332-1337. 

Robb, R. J., Munck, A., and Smith, K. A., 1981, T-cell growth factor receptors: Quantitation, specificity 
and biological relevance, J. Exp. Med. 154:1455-1474. 

Robb, R. J., Kutny, R. M., and Chowdhry, Y., 1983, Purification and partial sequence analysis of 
human T-cell growth factor, Proc. Natl. Acad. Sci. 80:5990-5994. 

Smith, K. A., Lachman, L. B., Oppenheim, J. J., and Favata, M. F., 1980, The functional relationship 
of the interleukins, J. Exp. Med. 151:1551-1553. 

Taniguchi, T., Matsui, H., Fujita, T., Takaoka, C., Kashima, N., Yashimoto, R., and Hamuro, J., 
1983, Structure and expression of a cloned eDNA for human interleukin-2, Nature (London) 
302:305-310. 



23 

Demonstration and 
Characterization of Human 
Intracellular Interleukin-1 

JOSE L. LEPE-ZUNIGA, J. SAMUEL ZIGLER, Jr., 
MARY LOUISE ZIMMERMAN, and IGAL GERY 

1. INTRODUCTION 

Since the initial report by Unanue and Kiely (1977), others have also shown that 
in addition to the interleukin-l (IL-I) released into the medium (extracellular, BC), 
mononuclear phagocytes (MP) and related cell lines also contain high levels of 
intracellular (IC) IL-l activity which can be measured following lysis of the cells 
(Mizel and Rosenstreich, 1979; Gery et ai., 1981a; Iribe et ai., 1982). 

In mouse macrophages, the IC IL-l levels can be markedly elevated by stim
ulation with certain agents such as lipopolysaccharide (LPS) (Gery et ai., 1981a). 
Little is known about the nature of this IC fraction and its relationship to the BC 
one. In the mouse, the IC IL-l is not present in the quiescent MP, and in nonstim
ulated cultures it appears and disappears from the cells without being released into 
the medium, suggesting that the IC IL-l may be different from the BC (Unanue 
and Kiely, 1977). However, the molecular weight profiles, obtained in that study, 
were remarkably similar for the two fractions with only a single peak of activity 
at 12K. Conversely, Mizel and Rosenstreich (1979) in the P388Dl cell line and 
Iribe et ai. (1982) in guinea pig macrophages have found molecular weight het
erogeneity of the Ie fraction. 

In human monocytes, preliminary results from this laboratory (Gery et ai., 
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1981b) have also shown the existence of an IC IL-l fraction in LPS-stimulated 
monocytes. As the identification and characterization of a potential IL-l precursor 
in human cells could eventually lead to elucidation of a regulatory step in the 
production of this monokine, we have analyzed the production of the IC and EC 
IL-l upon stimulation by several agents and compared their molecular weight 
profiles by gel exclusion chromatography. The results of these studies constitute 
the present report. 

2. MATERIALS AND METHODS 

2.1. Monocyte Cultures 

Human mononuclear cells were obtained by differential centrifugation of pe
ripheral blood from healthy adult volunteers on Isolymph gradients (Gal
lard-Schlesinger Chemical, Carle Place, N. Y .). After washing twice with Hanks' 
balanced salt solution (HBSS) and once with RPMI 1640 culture medium (GIBCD) 
containing 25 mM HEPES, penicillin (100 Vlml), streptomycin (100 /J-g/ml), and 
2 mM glutamine (CRPMI), the cells were allowed to adhere to plastic wells (24 x 17 
mm, Linbro, Hamden, Conn.) at a concentration of 5 X 106 cells/ml in CRPMI 
plus 10% autologous serum (HS). After I hr, the nonadherent cells were removed 
by washing the wells with HBSS. The remaining adherent cells (> 95% monocytes) 
were further incubated with I-ml aliquots of CRPMI-5% HS either with or without 
any of the following agents: (1 ) quartz silica particles of less than 5 IJ.m in diameter 
(50 /J-g/ml ), (2) LPS W from Salmonella typhimurium (LPS, 20 /J-g/ml, Difco, 
Detroit, Mich.), (3) zymosan A from Saccharomyces cerevisiae (20 /J-g/ml, Sigma, 
St. Louis, Mo.), and (4) phorbol myristate acetate (PMA, 20 ng/ml, Sigma). In 
every case the supernatants were collected after 20 hr of culture, centrifuged at 
900g for 10 min, and kept frozen at - 20°C. The remaining monolayers were 
covered with 1 ml of fresh CRPMI-5% HS and frozen at - 20°C. After thawing, 
the lysates were prepared by scraping the cells from the wells with a rubber po
liceman. The suspension was sonicated and then frozen again at - 20°C until being 
tested for IL-l activity. 

2.2. Biochemical Analysis 

For the purpose of biochemical analysis, LPS (20 /J-glml)-stimulated human 
monocyte cultures were used as a routine source of crude IL-l. Supernatants from 
9 to 12 of such cultures were concentrated using Amicon PM-IO ultrafiltration 
membranes (Amicon Corp., Danvers, Mass.) and chromatographed at 4°C on a 
column (1.6 x 90 cm) of Sephadex G-75 superfine equilibrated with CRPMI. 
Fractions of 2 ml were collected and 0.1 ml of fetal calf serum (FCS) was added 
to each one. Fractions 21 through 60 were filter sterilized and their IL-l activity 
determined. 
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2.3. IL-1 Assay 

The levels of IL-l activity in the samples were determined by their capacity 
to potentiate the mitogenic response of murine thymocytes to phytohemagglutinin 
(PHA) , as described in detail elsewhere (Gery et al., 1981a,b). The results are 
presented as units determined by comparing the activity in the tested samples with 
that of a standard preparation using a method similar to that of Mizel (1980). 

3. RESULTS 

3.1. Spontaneous Production of IL-1 

Freshly separated human mononuclear cells do not contain measurable amounts 
of IL-l activity. After 20 hr of culture with no added stimulus, a substantial amount 
of IL-l is produced "spontaneously." Most of it can be detected in the monocyte 
lysates and only about 10% is detected in the supernatants (Fig. 1). 

3.2. Effect of the Addition of Various Agents 

The addition of any of the agents tested increased from 3 to 50 times the 
amount of IL-1 spontaneously produced by the same cultures. However, marked 
qualitative differences were observed among them. Silica increased both the Ie and 
the Ee IL-1 activity but was clearly more efficient at increasing the Ee IL-1. PMA 
specifically increased the EC fraction, producing concomitantly an actual decrease 
in the Ie pool when compared to nonstimulated cultures. LPS increased more the 
Ie than the EC and zymosan markedly increased both fractions (Fig. 1). 

3.3. Biochemical Characterization of EC and IC IL-1 

3.3.1. Molecular Weight Profiles by Sephadex G-75 
Chromatography 

In agreement with several published reports (for review see Farrar and Koop
man, 1979), the IL-1 activity in the supernatants of LPS-stimulated human monocyte 

FIGURE 1. Levels of IL-1 activity in 
Iysates ("intracellular") and super
natants ("extracellular") of monocyte 
cultures incubated for 20 hr with no 
additive (N). silica particles (Si. 50 
ILQ/ml). PMA (20 ng/ml). LPS (20 ""gl 
ml). or zymosan (zym. 20 ""g/ml). 

N 
Si 

PMA 
LPS 
zym 

INTRACELLULAR 

The IL-1 activity is expressed as units/ml. with the unit values being determined as described 
in Materials and Methods (2.3). 
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FIGURE 2. Chromatographic profiles of extracellular and intracellular IL-1 activities of cultured 
monocytes from a typical donor, incubated for 20 hr with LPS (20 jlog/ml). Fractionation was 
carried out on a Sephadex G-75 superfine column and the molecular weight markers were: 
bovine serum albumin (68K), ovalbumin (43K), chymotrypsinogen (25K), and myoglobin (17K). 

cultures was found mostly confined to a single peak in the l4-l6K range (Fig. 2). 
In contrast, the Ie IL-I activity was consistently found distributed in four well
defined peaks (Fig. 2). The average molecular weights of these peaks in five different 
experiments were 13.2, 26.2, 45.7, and> 70K (exclusion limit of the gel) (Table 
I). The relative amount of IL-I activity in each peak varied among different ex
periments. 

TABLE I. Molecular Size of Different Peaks of 
Human Intracellular IL-1 Activity Obtained by 

Sephadex G-7S Chromatography in Five 
Different Experiments& 

Peak 
Expt. 
No. II III IV 

I 14,500 25,000 42,500 >70,000 
2 14,500 23,000 47,000 >70,000 
3 12,000 26,000 42,000 >70,000 
4 15,500 31,000 50,500 >70,000 
5 14,700 26,000 46,500 >70,000 

Average 14,250 26,200 45,700 >70,000 

• The cell 1ysates were obtained from LPS (20 fl.g/ml)-stimu1ated 
human monocytes. 
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FIGURE 3. Rechromatography of the intermediate size peaks of intracellular IL-1 . Fractions 
comprising the 26 and 45K peaks of activity from the Sephadex G-75 superfine chromatography 
(left panel, shaded area) were collected, incubated for 48 hr at 4°C, concentrated, and rechro
matographed on the same column (right panel). 

3.3.2. Rechromatography of the Intermediate Size Peaks 

The intennediate size peaks (26 and 45K) were pooled and incubated for 48 
hr at 4°C in an attempt to produce the 14K species. After concentration, the sample 
was rechromatographed on the same G-75 superfine column (Fig. 3). As can be 
seen, this simple procedure generated a small but significant amount of the 14K 
species. 

3.3.3. Generation of the 14K Species by Treatment with a Detergent 

As the amount of the smallest species generated by simple rechromatography 
was small, we tested whether the generation of the 14K peak could be improved 
by treating a pool of the three larger peaks with a deaggregating agent. Urea from 
1 to 8 M was first used without success, for at concentrations above 2 M, this agent 
inactivated more than 80% of the human IL-l (data not shown). This behavior 
differs from that of IL-l obtained from the P388Dl cell line (Mizel, 1979; Mizel 
and Rosenstreich, 1979). We have therefore used a recently developed zwitter
ionic detergent, 3-[(3-cholamidopropyl)dimethylammonio ]-l-propane-sulfonate . 
2H20 (CHAPS, Calbiochem, La Jolla, Calif.), which is gentle toward proteins and 
can be readily removed by dialysis (Hjelmeland, 1980; Bitonti et al., 1982). At 
concentrations up to 8 mM, less than 30% of the IL-l activity is lost by CHAPS 
treatment. For these experiments, a pool of the three larger peaks was concentrated 
10 times, dialyzed against 8 mM CHAPS at 4°C for 24 hr, and rechromatographed 
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FIGURE 4. Generation of the small (14K) species IL-1 activity by treatment with CHAPS. 
Fractions from the three heavier molecular weight species of intracellular IL-1. obtained by 
chromatography on Sephadex G-75 superfine (left panel. shaded areas). were pooled and 
treated with CHAPS as described in Results (3.3.3). The chromatographic pattern of the treated 
preparation is shown in the right panel. 

on Sephadex G-75 superfine equilibrated with the detergent at the same concentra
tion. Two-milliliter fractions were collected and individually dialyzed against 50 
volumes of PBS for 96 hr, changing the dialysis fluid twice daily. The fractions 
were then filter sterilized and tested for IL-I activity. The results of one of these 
experiments are shown in Fig. 4. This procedure leads to the generation of large 
amounts of the 14K peak from the heavier species. 

4. DISCUSSION 

The present studies clearly demonstrate the existence of an IC pool of IL-I in 
human monocytes. This pool is not normally present in the circulating cells and it 
appears "spontaneously" during the first 20 hr of culture. This spontaneous pro
duction is probably induced by the cell stimulation that usual culturing maneuvers 
cause to the monocytes. As in the mouse system, this type of IC IL-I formation 
is not followed by the appearance of the factor in the medium, suggesting that 
secretion of IL-I requires another stimulus or that the IC IL-I is different from the 
EC IL-I and is not released in normal culture conditions. In any case, the results 
strongly suggest the existence of two separate events: one that gives rise to the IC 
IL-I and one that determines the appearance of EC IL-I. 

To gain more information about the possible relationship of the IC and EC 
IL-t fractions, they were analyzed by Sephadex chromatography. The profiles 
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obtained were quite different. The EC IL-l gave essentially a single peak of activity 
while the IC fraction contained four well-defined active species. This finding could 
be interpreted as evidence that the two fractions are essentially different. However, 
an alternative explanation is also possible. As the smallest IC species corresponded 
closely in size to the EC IL-l, these two species might be very similar; the additional 
IC species could then result from aggregation of the smallest species under the 
conditions present within the cell. This latter explanation was supported by the 
close correlation between the observed size of the higher molecular weight species 
and the expected size of "polymers" or multiples of the 14K species. It is further 
sustained by the spontaneous formation of the 14K species from the larger species 
in solution and by the clear generation of the 14K species following treatment of 
the heavier species with a deaggregating agent (CHAPS). Clearly the formation of 
14K species in these experiments did not require cleavage of covalent bonds. 

While these data are consistent with the idea that the two 14K species are 
similar, it remains to be explained why the IC species forms aggregates and the 
EC does not. This difference in behavior could result from conditions within the 
cell that promote such aggregation or from subtle structural differences between 
the two species themselves. In vitro we have been unable to induce aggregation of 
either species which may suggest that the IC environment is of primary importance 
in determining the formation of the larger molecular weight species. On the other 
hand, as it appears that the synthesis and release of IL-l are directed by two separate 
mechanisms, it is conceivable that a posttranslational modification (e.g., glyco
sylation) precedes release. Such an event might alter the molecule in such a way 
that the tendency to aggregate is diminished. Further studies are necessary to de
termine whether such a structural difference is present. 
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Silicic Acid Batch Adsorption 
Procedure for the Partial 
Purification of Interleukin-2 from 
Cultures of Primary Lymphocytes 
and Long-Term T-Cell Lines 

JOHN L. PAULY, CAROL J. TWIST, 
GERALDINE M. OVAK, CYNTHIA W. RUSSELL, 
and ANGELO CONSTANTINO 

1. INTRODUCTION 

Silicic acid (SA; approximately H2Si03 or as hydrated silica, SiO· H20) has been 
used by many investigators as a solid matrix for adsorption chromatography. This 
subject has been reviewed by Huaser (1955) and Unger (1979). Particularly note
worthy is the utilization of SA for the separation of natural lipid mixtures and highly 
polar complexes (Hirsch and Ahrens, 1958; Mangold and Malins, 1960). SA pos
sesses a surface that can have widely varying properties because of the random 
distribution of different groups, including: (1) siIanol groups (-Si-OH), (2) siloxan 
groups (-Si-O-Si), and (3) hydrated silanol groups (-Si-OH·H20) (Smith, 1969). 
As with silica gel (Si02), the adsorptive activity of SA is due primarily to surface 
silanol groups, and these sites are hydrogen-binding, weakly acidic, and therefore 
polar (Freeman, 1982). A reaction of silica with chlorosilanes results in the for
mation of siloxane-type phase matrices that are widely used in reverse-phase high
performance liquid chromatography (rpHPLC) for protein isolation and analysis 
(VoeIter, 1981). 

JOHN L. PAULY, CAROL J. TWIST, GERALDINE M. OVAK, CYNTHIA W. RUSSELL, and 
ANGELO CONSTANTINO. Department of Molecular Immunology, Roswell Park Memorial Insti
tute, Buffalo, New York 14263. 
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A number of different biological activities have been ascribed to the hor
monelike lymphokine IL-2; however, its most salient feature is its ability to sustain 
the long-term proliferation of monoclones of immunocompetent human and murine 
T cells (Gillis, 1983; Ruscetti and Gallo, 1981). Results of attempts to purify IL-
2 have been reported previously (Gillis, 1983; Mier and Gallo, 1982). In general, 
these procedures have been multiple-step sequences that included: (1) ammonium 
sulfate precipitation, (2) gel filtration, (3) anion-exchange chromatography, (4) 
isoelectric focusing, and (5) preparative gel electrophoresis. These purification 
schemes are tedious, and IL-2 recovery has been poor; the yield reported by one 
group (Mier and Gallo, 1982) following a purification of IL-2 to near homogeneity 
was less than 1 %. 

In a preliminary report (Pauly et al., 1983), we have described the utility of 
SA for partially purifying IL-2 from supernatants of human lymphocytes activated 
with polyclonal stimulants. We report here the results of studies demonstrating the 
application of this preparative procedure for isolating IL-2 from supernatants of 
long-term T-cell lines derived from man, gibbon ape, and mouse. 

2. MATERIALS AND METHODS 

2.1. IL-2 Production 

IL-2 from human peripheral blood lymphocytes (PBL) was produced using a 
procedure described previously (Pauly et al., 1982a). In this two-phase culture 
method, PBL pooled from the blood of five to seven healthy donors were seeded 
(- 1.25 X 106 cells/ml) in Phase I spinner cultures containing RPM! 1640 medium 
supplemented with fetal bovine serum (FBS, 5%) for 4 days prior to polyclonal 
activation. Following activation for 24 hr with phytohemagglutinin (PHA-M, 1% 
v/v), phorbol ester (PMA, 10 ng/ml), and nonirradiated B cells of Epstein-Barr 
virus-transformed human lymphoblastoid cells of established lines (PBL : B-cell 
ratio = 1 : 1). The cells were pelleted, resuspended in serum-free RPMI 1640, 
and cultivated as Phase II spinners for 18-24 hr. Thereafter, the serum-free su
pernatant was harvested, filtered (0.45 /-Lm), and stored at - 20°C. 

IL-2 was also produced from different long-term T-cell lines derived from 
humans or animals with leukemia or lymphoma. Lines included in these studies, 
species of origin, investigators from whom they were obtained, and procedures 
used for producing IL-2 were as follows: (1) JURKAT-FHCRC, human, S. Gillis 
(Gillis and Watson, 1980); (2) MLA-I44, gibbon ape, R. Neubauer (Rabin et al., 
1981); (3) EL-4, mouse, J. Farrar (Farrar et al., 1980; and (4) LBRM-33-5A4, 
mouse, S. Gillis (Gillis et al., 1980). 

2.2. IL-2 Isolation 

Details for the partial purification of IL-2 have been reported elsewhere (Pauly 
et al., 1983). In brief, SA (Fisher Scientific Co., Pittsburgh, Penn.; 325 mesh) was 
washed twice before using with phosphate-buffered saline (PBS) to remove fines. 
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Almost (> 95%) complete adsorption of IL-2 has been achieved with SA concen
trations as low as 3.75 mg/mI supernatant; however, a concentration of 15 mg 
SAlmI supernatant (- 5% SA v/v) has been selected for routine use. The IL-2-
containing supernatant was clarified by centrifugation (400g, 20 min, 20°C), added 
to the SA to form a slurry (usually 500-700 mI), and mixed in a Boston polyethylene 
bottle using a Teflon-coated magnetic stirring bar (30 min, 37°C). Thereafter, the 
SA was pelleted, washed twice with 0.9% NaCl, and desorbed by spin-mixing the 
SA particles with 5 volumes of 50% (v/v) ethylene glycol (EG) in phosphate
buffered (pH 7.2) high-salt (1.4 M NaCl) solution (designated EGIPBS; 30 min, 
20°C). The EGIPBS eluates were collected and dialyzed (6.0Kd cutoff) against PBS 
(25 vol, five times) at 4°C to remove the EG. Following dialysis, some eluates 
were concentrated further by dialysis against polyethylene glycol, or dialyzed against 
ammonium bicarbonate and lyophilized. All samples were stored at - 20°C until 
testing for protein content and biological activity. 

2.3. IL-2 Bioassay 

IL-2 activity was measured using the IL-2-dependent murine T -cell line (CTLL-
2 (kindly provided by Dr. S. Gillis) and our modification (Pauly et al., 1982b) of 
procedures described previously (Gillis et al., 1978). A unit of IL-2 activity, as 
defined elsewhere (Popescu and Maneekarn, 1982), was calculated by the ratio of 
the end-point growth of the test supernatant at an optimal dose to that of a laboratory 
standard supernatant that had previously been assigned a value of 100 IL-2 U/mI 
(see Fig. 1). 

2.4. SDS-PAGE 

Sample aliquots incubated with 1 % SDS were electrophoresed on 12% poly
acrylamide gels (0.58% cross-linker) according to the method of Laemmli (1970). 
Molecular weight standards were phosphorylase B (92.5K), bovine serum albumin 
(66. 2K), ovalbumin (45. OK), carbonic anhydrase (31. OK), soybean trypsin inhibitor 
(21.5K), and lysozyme (14.4K). Protein bands were detected by staining with 
Coomassie brillant blue R-250. 

2.5. Protein Determination 

Protein concentrations of the crude supernatants and eluates were determined 
by the fluorometric method of Bohlen et al. (1973) using bovine serum albumin as 
the standard. 

3. RESULTS AND DISCUSSION 

Presented in Fig. 1 are the results of a representative experiment defining IL-
2 activity of a primary human lymphocyte culture supernatant before and after 
isolating IL-2 using the SA adsorption procedure. Maximal numbers of CTLL-2 
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FIGURE 1. Comparison of the T-cell growth-promoting activity of a serum-free human primary 
lymphocyte supernatant before (left panel) and after (right panel) isolating IL-2 with the proposed 
SA adsorption procedure. Serial dilutions of the crude supernatant or processed eluate (dialyzed 
and diluted to the original volume) were added to 10-ml cultures containing IL-2-dependent 
CTLL-2 target T cells seeded at 0.2 x 105/ml to provide final sample concentrations ranging 
from 0.125 to 8% (v/v). Trypan blue dye-excluding viable cells were counted daily during the 
5-day assay period using conventional hemocytometer procedures. 

IL-2-dependent T cells (12 x 105/ml) were recorded on day 4, and this high level 
of growth was achieved using final concentrations of 8% crude supernatant or 4% 
PBS/EG eluate that had been dialyzed and diluted to its original volume. Cell death 
« 5% viability) was recorded when IL-2-containing supernatant or eluate was 
absent from the culture medium (Group H, NIL). Accordingly, within the limits 
of this bioassay, almost all IL-2 activity had been recovered. Comparison of the 
two samples showed a protein and volume reduction of 13- and 234-fold, respec
tively, yielding an IL-2 purification of 3108-fold. 

The ability of the proposed SA purification scheme to isolate concentrated IL-
2 in a protein-poor eluate is illustrated in Fig. 2. Shown is an SDS-PAGE profile 
of Coomassie blue-stained proteins of samples obtained during the SA adsorp
tion/desorption procedure. Noteworthy is that no major protein bands were detected 
in the dialyzed EG/PBS eluate containing the IL-2 concentrate. Also shown are 
profiles obtained when the protein-binding SA micropartic1es were placed into a 
particular channel and the proteins eluted from this solid matrix by the detergent 
SDS in the running buffer. 
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FIGURE 2. SOS-PAGE analysis of different 
samples obtained during the SA adsorption/de
sorption of Il-2 from supernatants of PHA-acti
vated human primary lymphocyte cultures with 5% 
human serum. Arrows identify SA microparticles 
that were loaded onto a particular lane, and in 
which the proteins were eluted by the SOS de
tergent in the running buffer. Protein bands were 
visualized with Coomassie blue staining. lane A, 
molecular weight standards (20 fLg protein each); 
B, SA particles following adsorption of the Il-2-
containing supernatant and desorption with EG/ 
PBS eluent; C, EG/PBS eluate of sample B; 0, 
washed SA particles before desorption with the 
EG/PBS eluant; E, unconcentrated supernatant 
from human PBl in primary culture; F, washed 
SA particles following adsorption of human serum. 
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To further define the bioactivity and stability of IL-2 when isolated by ad
sorption to SA, experiments were conducted to determine whether IL-2 bound to 
SA could be used for the prolonged cultivation of IL-2-dependent T cells. In this 
study, IL-2 from human primary lymphocyte cultures was adsorbed onto SA. The 
SA was then washed thoroughly, stored at 4°C, and rewashed before adding to the 
cultures. With this approach, CTLL-2 T cells have been propagated for more than 
3 months with SA preparations that had been stored for over 4 months. Thus, IL-
2 bound to SA for prolonged periods of time retains its biological activity and can 
be used for propagating IL-2-dependent T cells. 

Presented in Table I are the results of an experiment demonstrating the utility 
of the SA adsorption procedure for isolating IL-2 from the supernatant of gibbon 
ape T cells of line MLA-I44 and mouse T cells of line EL-4. The murine source 
of IL-2 (EL-4) required activation with PMA, whereas the primate source of IL-2 
(MLA-I44) produced IL-2 constitutively. With each line, the cells were seeded at 
1 x 106/ml in either serum-free RPMI 1640 or the same medium enriched with 
2% FBS that had been previously adsorbed with SA (FBS-Ad; 50 mg/ml, 2 hr, 
37°C). Purification of IL-2 from serum-free supernatant of the MLA-I44 and EL-
4 cell lines was 1063- and 652-fold, respectively. When supplemented with 2% 
FBS-Ad, IL-2 purification values for the MLA-I44 and EL-4 cell lines were 241-
and 78.4-fold, respectively, indicating that serum represents a major source of SA
binding protein. We usually obtain values higher than those recorded in this ex
periment; nevertheless, these results illustrate the utility of the SA adsorption pro
cedure as a preparative step in the purification of several mammalian forms of IL-
2. 

Relatively few proteins have been isolated using SA; a partial listing includes 
casein, gelatin, "immune" interferon ('Y-IFN), and prostaglandin (PGEz). In addition 
to IL-2 and 'Y-IFN other lymphokines are known to be hydrophobic, and the proposed 
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batch adsorption procedure may be useful in isolating these immunoregulatory 
molecules. 

We have recently learned of the studies by Henderson et al. (1983) who have 
developed an efficient method for isolating IL-2 from the MLA-l44 cell line. In 
this two-step procedure, IL-2 was adsorbed onto controlled-pore glass beads, eluted 
with acetonitrile, and further purified to homogeneity by rpHPLC. 
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ICGF (ll-2) Receptor 
(lac Antigen) on All and Non
All leukemic Cells 

JUNJI YODOI, MICHIYUKI MAEDA, YUJI WANO, 
MITSURU TSUDO, KEISUKE TESHIGAWARA, and 
TAKASHI UCHIYAMA 

1. MATERIALS AND METHODS 

Cell Lines. Hut-102 and MT-1 cells were supplied by Dr. R. C. Gallo and Dr. I. 
Miyoshi, respectively. ATL-2, ATL-6, and ATL-7 cell lines were established from 
Japanese patients with typical ATL (Yodoi et al., 1974; Uchiyama et al., 1977). 
A non-ATL leukemic cell line (YT cells) was established from a 14-year-old boy 
with acute lymphoblastic lymphoma with thymoma (in preparation). 

Analysis ofTac Antigen by SDS-PAGE. The cells were labeled with 100 f.LCi 
[ 35Sjmethionine/5 x 106 cells for 6 hr. The cell lysate with extraction buffer con
taining 0.5% NP-40 and 1 mM PMSF was precipitated with anti-Tac antibody 
(Uchiyama et al., 1981) and protein A-Sepharose 4B. The eluate of the beads was 
analyzed by SDS-PAGE with 7.5% gel, followed by autoradiography and fiuo
rography. 

2. RESULTS 

2.1. Analysis of IL-2 Receptor (IL-2-R) Immunoprecipitated with 
Anti-Tac Antibody 

Normal T cells activated with Con A, non-ATL YT cells, and HTLY+ MT-
1 cells were biosynthetically labeled with [35Sjmethionine for 6 hr. The lysate was 

JUNJI YODOI and KEISUKE TESHIGAWARA • Institute for Immunology, Faculty of Medicine, 
Kyoto University, Kyoto, Japan. MICHIYUKI MAEDA • Chest Disease Research Institute, Kyoto 
University, Kyoto, Japan. YUJI WANO, MITSURU TSUDO, and TAKASHI UCHIYAMA. First 
Department of Internal Medicine, Kyoto University, Kyoto, Japan. 
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FIGURE 1. SOS-PAGE analysis of antigens reactive with anti-Tac antibody. YT cells, Con A
activated T cells, and MT-1 cells were labeled with [35S1methionine in the presence or absence 
of crude TCGF. Con A-activated cells were prepared by culturing normal peripheral lymphocytes 
with 1 0 ~gCon Aiml for 3 days. The lysate was precipitated with anti-Tac and protein A-Sepharose 
48 and analyzed with 7.5% gel in the reducing condition. 

immunoprecipitated with anti-Tac antibody plus protein A-Sepahrose, and was 
analyzed by SDS-PAGE (7.5% gel) in the reduced condition. As shown in Fig. 
1, two broad bands with apparent molecular weight 6O-65K (Tac 60-65) and around 
40K (Tac 40) were precipitated from non-ATL YT cell line cells, Con A-activated 
T cells, and HTLV/ATLV+ MT-l cells. In Con A-activated T cells, crude IL-2 
induced a marked increase of the radioactivity in both bands. Without incubation 
with crude IL-2, the incorporation of the radioactivity was not significant. Similar 
induction of the labeled band was also shown in YT cells which had regulatable 
IL-2-R. Without incubation with crude IL-2, there were no clear bands. After 
incubation with IL-2 for 6 hr, both Tac 60-65 and Tac 40 appeared. In the case 
with MT -1 cells, both components were precipitated without exposure to crude IL-
2. Preincubation with crude IL-2 resulted in decreased synthesis of both components. 
Two similar components were also obtained from other ATL-derived T-cell lines 
(ATL-2, ATL-6) (not shown). The finding was similar in the nonreduced condition, 
indicating that these two components were not bound to each other by disulfide 
bond. In addition to these two components, an additional minor component of 115K 
was frequently obtained. 

2.2. Lack of Down-Regulation of IL-2-RlTac Antigen in ATL 

Con A-activated T cells were cultured with or without 10 fLg anti-Tac anti
body/ml for 24 hr. After restaining with anti-Tac, the fluorescence was analyzed 
with FACS. As shown in Fig. 2A, the intensity of the fluorescence was markedly 
decreased when precultured with the antibody, suggesting that IL-2-RlTac antigen 
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FIGURE 2. lack of down-regulation of Il-2-
RlTac antigen expression on ATl cells and 
HTlV+ cell line. (A) Con A-activated cells 
were cultured for 48 hr in the presence (a) 
or absence (b) of anti-Tac antibody (10 ILgl 
ml). (8) Fresh leukemic cells (a) from a pa
tient with ATl were cultured with (b) or with
out (c) anti-Tac antibody for 48 hr. (C) MT-1 
cells were cultured with (a) or without (b) anti
Tac antibody for 48 hr. The cells were stained 
with anti-Tac antibody and FITC-goat anti
mouse immunoglobulin antibody and ana
lyzed with FACS. Fluorescence Intensity ... 

on normal T cells was down-regulated by the antibody. Fresh leukemic cells from 
a typical ATL patient and MT-l cells were precultured with or without anti-Taco 
As shown in Figs. 2B and C, there was no significant reduction of the fluorescence 
after preculture with anti-Tac, indicating that IL-2-Rrrac antigen on these cells was 
not down-regulated by the antibody. 

2.3. Up-Regulation of IL-2-RfTac Antigen Expression by Crude 
TCGF on YT Cells 

IL-2-R (Robb et al .• 1981) and Tac antigen on normal T cells were temporarily 
expressed after activation with mitogen or antigens. The expression of Tac antigen 
on the non-ATL leukemic cell line (YT cells) was enhanced by crude IL-2 prep
arations. The cells were precultured with medium, 0.1 % PHA-P, or with crude IL-
2 from normal PBL, and the expression of IL-2-Rrrac antigen was analyzed with 
FACS (Fig. 3). IL-2-R was weakly expressed on a significant proportion of YT 
cells without exposure to crude IL-2. The expression of IL-2-R on IT cells was 
markedly enhanced by 18 hr preculture with crude IL-2. As PHA-P did not enhance 
the expression of IL-2Rrrac antigen on YT cells, the up-regulation or enhancement 
seemed to be due to a soluble mediator(s) contained in the crude IL-2 preparation. 
As shown in Fig. 3, culture supernatant of the ATL-2 cell line contained IL-2-
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FIGURE 3. Up-regulation or enhancement of IL-2-RfTac antigen expression on YT cells. YT 
cells were cultured in the culture medium, medium containing 0.1 % PHA-P, crude TCGF obtained 
from PHA-stimulated human splenic cells, or conditioned medium (CM) of ATL-2 cells for 18 
hr. The expression of IL-2-R was determined by FACS analysis with anti-Tac antibody. 

Rffac antigen inducing activity. In the cell line cells derived from ATL, IL-2-R 
were expressed constitutively, and there was no further enhancement of the receptor 
expression by exogenous IL-2 (not shown). 

3. DISCUSSION 

There is accumulating evidence indicating the close association between IL-
2-R and Tac antigen (Leonard et al., 1982). Our result showed that there is no 
overt structural difference of IL-2-Rffac antigen between ATL-derived cell line 
cells and normal cells. However, the regulation of the receptor expression was 
abnormal in HTLV/ATLV+ cell lines (Table I). IL-2-Rffac antigen on these cells 
was "constitutively" expressed (Tsudo et al .• 1983). In non-ATL leukemic cell line 
YT cells, however, the expression of IL-2-Rffac antigen was "regulatable" as was 
the case with normal T cells (Tsudo et al .• 1982). Constitutive expression of IL-
2-R on ATL cells was confirmed by radioassay using anti-Tac antibody and P25I]protein 
A. 

The mechanism of "constitutive" IL-2-R expression is unknown. There may 
be a fine difference of IL-2-R which was not detectable by SDS-PAGE. However, 
it may be due to the regulation abnormality rather than the structural abnormality 
of the receptor. 

Alternatively, ATL-derived cell lines may produce a factor having IL-2-R
inducing activity. The factor may not necessarily be IL-2, as the production of 
TeGF (IL-2) by ATL-derived cell lines proved not to be so significant as had been 
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TABLE I. Constitutive vs. Regulatable Expression of Tae Antigen (IL-2-R) 

HTLV 
Tac antigen (IL-2-R) 

Proliferation IL-2 
(ATLV) Up-regulationa Down-regulationb to TCGF production 

Resting T No No N.D. No No 
Activated T No Yes Yes Yes Yes 
YT cells No Yes Yes Yes No 
MT-1 Yes No No No No 
Hut-1 02 Yes No No No Yes/No 
ATL-2 Yes No No No No 

a Up-regulation by crude TCGF. 
b Down-regulation by anti-Tac antibody. 

expected (Gallo and Wong-Staal, 1982). Quite interestingly, IL-2-R!Tac antigen

inducing activity was present in ATL-2 culture supernatant, which did not contain 

a significant IL-2 activity. In any case, the "constitutive" IL-2-R expression may 

be involved in the abnormal growth of ATL-derived cell lines (Yodoi et ai., 1983). 
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Part II Summary 

Chemistry and Biological Activity 
of Lymphokines 

MICHAEL A. CHIRIGOS and ROBERT C. GALLO 

Unfortunately, there wasn't sufficient time to have some of the poster sessions 
presented orally because there were some excellent poster sessions and for session 
II concerning lymphokines there were actually 22 presentations, 9 oral and 13 
posters. We have attempted to synthesize the information contained in the poster 
session with that of the oral presentations with a little bit more of an emphasis on 
the poster presentations. 

Drs. Copeland and Samgadharan discussed the biochemical and biological 
properties of TCGF (IL-2), describing their methods for purifying TCGF to ho
mogeneity and sequencing it. They and their colleagues defined the necessity of 
activating normal T cells which then acquire receptors for a response to the TCGF. 
In contrast, neoplastic mature T cells respond directly to TCGF, a development 
that led to the isolation of a human type-C retrovirus known as HTL V. The specific 
TCGF mRNA in human peripheral blood lymphocytes was identified as an 11 to 
12 S species and shown to program the synthesis of active TCGF in the Xenopus 
oocyte translation system. Several of the posters described isolation and purification 
procedures. John Pauly and his colleagues described a two-step IL-2 purification 
procedure employing an anti-IL-2 monoclonal antibody affinity column resulting 
in a highly purified IL-2 preparation which maintained greater than 95% of its 
biological activity with a greater than 99% reduction of protein content. Richard 
Robb and his colleagues also reported a TCGF (IL-2) purification procedure em-
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ical Response Modifiers Program, Division of Cancer Treatment, NCI-Frederick Cancer Research Fa
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ploying an immune affinity column coupled with a murine monoclonal antibody. 
Results of binding experiments showed that their purified radiolabeled IL-2 was 
rapidly bound only by IL-2-responsive cells with internalization ofthe IL-2 occurring 
within 25-30 min followed by lysosome-dependent degradation which occurred 
within 75 min, which indicates the possible half-life of IL-2" J. Yodoi and his 
colleagues from Kyoto University described the TCGF receptor (Tac antigen) which 
appears on T leukemic cells but not on normal T cells. The TCGF receptor (IL-2-
RlTac antigen) induced in normal T cells by specific mitogens could be regulated 
by the use of the monoclonal antibody developed to the TCGF receptor site. This 
antibody, however, could not regulate the constitutively expressed receptor Tac 
antigen unique to the T -cell leukemias or cell lines containing the provirus of 
HTL V, indicating that there is a difference in the antigenic characteristics of both 
the normal T cells, converted normal T -cell line, and those that are mature T-cell 
leukemias. Y. Lin and co-workers, employing the Xenopus oocyte translation sys
tem, were able to enrich for and separate the IL-2 mRNA which was used for the 
synthesis of double-stranded cDNA. Through cloning procedures, they were able 
to isolate a clone which was shown to hybridize strongly with IL-2 mRNA, again 
indicating the increased specificity of these reactions with a more purified material. 
John Maples and his co-workers at the Naval Medical Research Institute examined 
highly active TCGF preparations for growth factors capable of supporting stem cell 
growth and differentiation. The impure TCGF-containing supernatants they were 
using markedly induced bone marrow cell growth, proliferation, and differentiation 
with the development of granulocytes, macrophages, erythroid and megakaryocyte 
colonies in both short- and long-term cultures. 

Dr. Steven Rosenberg described the use of TCGF for therapeutic purposes. In 
four experimental tumor models he described how sensitized mouse lymphoid cells 
which were expanded in the presence of TCGF could be used in adoptive immu
notherapy to cause a regression of mouse tumors. Of particular significance was 
his observation that the proliferative and not the cytolytic lymphoid cell clones are 
the most efficient in retarding tumor growth. These IL-2-activated lymphoid cells 
appear to be different from natural killer cells and cytotoxic T lymphocytes. He 
described a current project on the use of IL-2 for expanding and activating lymphoid 
cells collected by leukapheresis from tumor-bearing patients with the purpose of 
treating tumor-bearing patients with their autologous IL-2-activated cells. Since the 
IL-2-expanded proliferative lymphoid cells express a tumor-retarding or cytolytic 
effect but are not identified as NK cells, it would be interesting to consider what 
therapeutic response could be achieved by combining the adoptive immunothera
peutic approach described by Dr. Rosenberg with a BRM capable of augmenting 
NK cells and/or stimulating macrophage tumoricidal activity. Several BRMs have 
been identified that specifically augment NK cells and/or enhance macrophage 
tumoricidal activity. 

The macrophage was the prominent cell in four presentations, three dealing 
with IL-I and one with CSF. Steve Mizel described how macrophage-elicited IL
l affects fibroblast proliferation, PG-2 and collagenase secretion from synovial 
cells, and causes liver cells to release acute-phase proteins and to induce B-cell 
maturation; but as important was the capacity of IL-I to induce the secretion of IL-
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2 from T cells. He described the purification of IL-l by an immune-adsorbant 
column prepared with IL-l antibodies elicited in the goat. Jose Lepe-Zuniga and 
colleagues characterized the IL-l produced from LPS-stimulated human monocytes. 
The extracellular fluid contained a single peak of molecular weight 14,000 to 16,000. 
In contrast, the intracellular material contained four peaks of molecular weight 
14,000, 26,000, 46,000, and> 70,000. Incubation of the three larger peaks gen
erated in vitro the 14,000 molecular weight peak. The authors then suggest that 
the molecular weight heterogeneity of the intracellular IL-l is due to the polymer
ization of the intracellular 14,000 to 16,000 molecular weight species. Lisa McKernan 
and colleagues described the secretion of a 15,000- to 30,OOO-dalton IL-l from the 
RAW 264.7 monocyte/macrophage cell line. These two isolates differed in their 
capacity to induce TL-3, H-2Kk, and Thy-1.2 surface markers on immature thy
mocytes. 

Dr. Stanley described the regulatory role of CSF-l. It appears to be most active 
on monoblasts, causing their differentiation to promonocytes, then to monocytes 
and macrophages. Depending on the amount of CSF present, the morphology of 
the macrophage was found to vary from that of a resting stage to that of a highly 
active vacuolated stage. He presented evidence that specific cell-surface receptors 
for CSF-l occur only on mononuclear phagocytic cells and mediate the biological 
effects, as well as the degradation of the growth factor. Considering the critical 
role of CSF in regulating the survival, proliferation, and differentiation of cells of 
the mononuclear phagocytic lineage, it would be of interest to assess the role of 
BRMs on the regulation of CSF production. Several BRMs which have the capacity 
to stimulate macrophage activity also cause the production and release of CSF. 
Would autologous CSF induced in man or mouse by a BRM possess the same or 
different regulatory functions? 

Jim Ihle reviewed the biochemical and biological properties of IL-3. Using 
several lines of investigation, he provided evidence that IL-3 induces T-cell dif
ferentiation. In one of the posters, his colleague Ed Palaszynski demonstrated 
through binding experiments with 125I-Iabeled IL-3 that the majority ofIL-3 receptor
positive cells were in the bone marrow, while the thymus, lymph node, and spleen 
cells had very few receptor-positive cells. This is an area that will be followed with 
the greatest interest. 

We had two presentations on lymphotoxins. Dr. Gale Granger summarized 
some of the available information on the methods for separating so-called lympho
toxins into various groups. Granger and Aggarwal presented evidence that lym
photoxins possess tumor cell killing capacity, particularly when combined with "(
interferon. 

All in all, the oral presentations and posters were informative, particularly in 
the development of methods for improved purification procedures. About one-third 
of the time dealt with specific purification procedures. Several investigators were 
of the opinion that it would be premature at this point to develop any systematic 
nomenclature for the various lymphokines. However, all agreed, particularly based 
on the clinical applications presentations, that lymphokines definitely have a strong 
potential for the treatment of various diseases such as cancer and autoimmune 
diseases. 
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Lymphocyte Proliferation, 
Lymphokine Production, and 
Lymphocyte Receptors in Aging 

A. L. DE WECK, F. KRISTENSEN, F. JONCOURT, 
F. BETTENS, G. D. BON NARD, and Y. WANG 

Lymphocyte proliferation is one of the basic functions of the immune system, since 
it appears required as well for the acquisition of immunological memory as for 
clonal expansion of specific lymphocyte populations. In recent years, the combi
nation of several techniques, such as analysis of the cell cycle by cytofluorometry 
(Darzinkiewicz et al., 1976; Stadler et al., 1980), measurement of [3H]_ TdR uptake, 
detection of membrane receptors by immunofluorescence or ligand binding (Munck 
and Vira, 1975), and quantitative assessment of various lymphokines produced by 
proliferating lymphoid cells, has permitted the establishment of an integrated picture 
of the various events associated with the proliferation of lymphocytes. Although 
this picture is still fragmentary, the analysis of lymphocyte functions which it makes 
possible has already been found relevant and informative in several clinical situa
tions, where a dysregulation of lymphocyte functions is apparent. The purpose of 
this paper is to review briefly the current possibilities to analyze lymphocyte pro
liferation in clinical situations and their application to the aging process. 

1. DYNAMIC ANALYSIS OF LYMPHOCYTE PROLIFERATION: 
AN INTEGRATED APPROACH 

Techniques enabling lymphoid cells to be stained simultaneously for intra
cellular DNA and RNA allow the quantitation and study of lymphoid cells undergo
ing proliferation and their assessment throughout various phases of the cell cycle 

A. L. DE WECK, F. KRISTENSEN, F. JONCOURT, F. BETTENS, G. D. BONNARD, and Y. 
WANG. Institute for Clinical Immunology, Inselspital, University of Bern, Bern, Switzerland. 
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by cytoftuorometry (Darzinkiewicz et al., 1976; Stadler et al., 1980). Dynamic 
study during the first 48 hr of culture, i.e., while most of the cells have only 
completed their first proliferative cycle, reveals that several signals and concurrent 
events are required for t,he cell to process from a resting GO phase through an early 
activation phase (Gla), a late activation phase (Glb), a DNA synthesis phase (S), 
a premitotic phase (G2), and mitosis (M) (Pardee et al., 1978). It is by now well 
recognized that most substances formerly designated as "mitogens," such as lectins 
(e.g., PHA, Con A), are indeed only providing a first activating signal enabling 
the cell to initiate RNA synthesis and to proceed from the resting GO phase to an 
early Gla phase (Stadler et al., 1981; Kristensen and de Weck, 1982). In order to 
proceed further, the cell must receive a second signal provided by interleukin-2 
(IL-2) alias T-cell growth factor (TCGF) (Smith et al., 1980). The main but possibly 
not the only effect of this lymphokine seems to be to promote further RNA synthesis, 
manifested by the passage of the cells from the G 1 a into the G 1 b phase (Kristensen 
et al., 1982a,b, 1983). While some lymphocyte populations seem to produce IL-
2 constitutively and may even be activated by IL-2 produced endogenously without 
the participation of a membrane receptor available for exogenous IL-2 (Bettens et 
al., 1983b), most activated lymphocytes appear to be dependent for their continued 
proliferation upon the interaction of some exogenous IL-2 with a specific IL-2 
membrane receptor, formed during the early Gla phase (Smith et al., 1980; Bettens 
et al., 1983a,b). The formation of an IL-2 receptor during the activation of lym
phocytes, which was originally followed indirectly from IL-2 absorption studies 
(Bonnard et al., 1979) and by direct binding studies with labeled 1L-2 (Robb et 
al., 1981), has recently been kinetically followed in our laboratory by cytoftuo
rographic studies (Bettens et al., 1983a,b) with a monoclonal antibody (anti-Tac) 
recognizing membrane protein identical or closely associated with the IL-2 receptor 
(Uchiyama et al., 1981; Leonard et al., 1982; Miyawaka et al., 1982; Niyawaki 
et al., 1982; Bonnard et al., 1983). Production of IL-2 is apparently the function 
of some subsets of activated T cells (Bonnard et al., 1980; Smith, 1980, Chang et 
al., 1982). As judged from kinetic analysis, IL-2 becomes detectable in the su
pernatant of activated lymphocyte cultures about 10-12 hr after the activating signal 
produced by a lectin (Bettens et al., 1982). The production of 1L-2 seems to be 
dependent in these activated lymphocytes upon a second signal provided by a 
monokine, IL-l, the product of activated monocytes or macrophages (Smith, 1980; 
Smith et al., 1980). IL-l becomes detectable in the supernatant of activated mono
nuclear cell populations already 2-4 hr after activation (Bettens et al., 1982). 

Following successful interaction of exogenous IL-2 with the IL-2 receptor, the 
cells proceed to a new burst of RNA synthesis (Glb phase) and will some 6 hr 
later start DNA synthesis. The passage of the Glb to the S phase does not seem 
to require some additional signal: all analyses performed so far on mouse, canine, 
and human lymphocytes indicate a close correlation between the number of cells 
in the Glb phase and [3H]-TdR incorporation, and this independently of the cell 
source and of varying culture conditions, with or without addition of serum (Kris
tensen et al., 1981, 1983). Accordingly, it seems that early events are really the 
most decisive for the fate of proliferating lymphocytes; once activated and furbished 
with the appropriate signals, they might pursue on their committed path throughout 
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the cell cycle. It must be recognized, however, that further events and signals 
possibly required at later stages of lymphocyte proliferation, such as completion of 
the S phase, duration of the G2 phase, and initiation of the M phase, have not yet 
been analyzed for human peripheral blood lymphocytes proliferating in vitro as 
thoroughly as for lymphoid T-cell lines (Koponen et al., 1982). Following mitosis, 
cells may either return to a resting GO stage or directly enter a new proliferation 
cycle, provided the required activation and proliferation-inducing signals (e.g., IL-
2) are continuously present. This is apparently the case for T cells continuously 
proliferating in the presence of exogenously provided IL-2, while deprival of IL-2 
replaces the cells in a GO phase, where they remain susceptible to renewed activation 
(Bettens et al., 1983b). Our current dynamic conceptions about the cell cycle
associated events in human lymphocyte proliferation are illustrated in Fig. 1. 

In order to better analyze such events, it is advantageous to be able to syn
chronize or at least to some extent to enrich cell populations at some defined phase 
of the cell cycle. This would be particularly valuable for analyzing the presence, 
density, and fate of various membrane receptors as well as the biochemical and 
molecular biological intracellular phenomena associated with cell proliferation. 
Recent studies on the effect of various manipulations on the cell cycle of human 
proliferating lymphocytes have permitted approaching this goal. As lymphoid cells 
taken from a living animal may be expected to have been, at least in part, activated 
in vivo, a variable proportion of peripheral blood lymphocytes are in fact already 
progressing throughout the cell cycle at time O. This can be assessed as well by 
pH]-TdR incorporation at time 0 (de Weck, 1981; Joncourt etal., 1982a; Kristensen 
and de Weck, 1982) as by cytofluorographic analysis. eH]-TdR uptake at time 0 
reflects the activity of the cells having reached the G 1 blS phases in vivo and has 
therefore also been used clinically as some kind of measure for "immunological 
activation" in vivo; its interpretation is, however, somewhat clouded by the obser
vation that in several acute clinical conditions where this parameter ([3H]_ TdR 
uptake at To) has been followed, continuously proliferating myeloid cells from the 
bone marrow appear in the peripheral blood and provide high background values 
of proliferating cells. Cells activated in vivo but which have not yet proceeded 
beyond the G la phase will proliferate in vitro only if they receive the appropriate 

FIGURE 1. Lymphocyte cell cycle. 
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exogenous IL-2 signal. This explains why the addition of IL-2 at time 0 always 
appears to have some "mitogenic" effect: those cells having reached the G la stage 
in vitro will proceed through the cell cycle in vitro (Kristensen and de Weck, 1982). 
If the same cell population, however, is allowed to rest in culture for 18 hr, the 
addition of exogenous IL-2 alone has no effect. At this time, the G la cells produced 
in vivo are no longer responsive to IL-2 (Kristensen and de Weck, 1982; Kristensen 
et ai., 1982b), presumably because they have returned to the GO stage (Bettens et 
ai., 1983b) although it cannot be excluded that some of them also die (Koponen 
et ai., 1982). Cells rested for 18 hr in culture contain therefore essentially GO cells, 
they are susceptible to activation by lectins (Kristensen et ai., 1982b), and this 
procedure seems therefore a relatively simple way to synchronize the bulk of human 
peripheral blood lymphocytes for cell cycle studies, provided appropriate culture 
conditions for maintaining cell viability are used. 

When lectins are used for providing the primary activating signal in vitro, 
several substances or procedures may be used for stopping the cells at some stage 
or providing cell populations enriched in some specific phase of the cell cycle. The 
addition of serotonin, for example, seems to block the cells quite early in the 
activation process provided by PHA, as judged from the low number of Gla cells 
produced and by the absence of (lL-2) receptors recognized by anti-Tac antibodies 
(Slauson et ai., 1983). In order to obtain cells in the Gla phase, several procedures 
may be used: culture of PHA-activated mouse thymocytes at low cell concentrations 
(the classical IL-l and IL-2 mouse thymocyte assay), culture of human peripheral 
blood lymphocytes for 18-22 hr only (Wang et ai., 1983a), addition of dexameth
asone (Bettens et ai., 1983a) or PGE2 (Walker etal., 1983), removal oflL-2 (Bettens 
et ai., 1983b), and blocking of IL-2 receptors by anti-Tac antibodies (Bettens et 
ai., 1983b; Miyawaka et ai., 1982). If the cells are activated in such a way that 
IL-2 production and IL-2 receptors are not interfered with, addition of hydroxyurea, 
which prevents the passage of cells from the Glb into the S phase, will promote 
an accumulation of cells in the Glb phase (Stadler et ai., 1981; Bettens et ai., 
1982). The use of these manipulations, the result of which are summarized in Table 
I, has already been shown useful in assessing the dynamic evolution of various 
lymphocyte receptors during the cell cycle (see below). 

2. ANALYSIS OF LYMPHOCYTE PROLIFERATION AND AGING 

As well known, impairment of various immune functions is a marked feature 
observed with increasing age, as well in humans as in experimental animals (Ka¥, 
1980; Makinodan and Kay, 1980; Weksler, 1981). The main immune functions 
which appear to be impaired or modified with age are summarized in Table II. It 
is striking that not all immune functions appear to be affected to the same extent, 
some even appear to remain essentially intact until a very advanced age. Summarily, 
it might be stated that age affects in particular several T-cell functions and alters 
the process of self-recognition. Diminution of the proliferation of T cells following 
lectin stimulation, in particular PHA and Con A, has since long been recognized 
as a prominent characteristic of immunological aging (Makinodan and Kay, 1980; 
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TABLE I. Procedures Which Can Be Used to Enrich Human Peripheral Blood 
Lymphocytes in Early Phases of the Cell Cycle 

% of cells in GO Gla Glb 

Enrichment in GO 
Fresh PBL incubated without 93 6.5 0.5 

stimulation for 18-30 hr 
Fresh PBL + PHA + serotonin (10 M) 84 12 4 

Enrichment in G I a 
PHA stimulation for 18 hr 62 34 4 
PHA stimulation for> 18 hr + 59 36 5 

dexamethasone (10M) 
Enrichment in G 1 b 

PHA stimulation for 44 hr + IL-2 49 26 25 
+ hydroxyurea 

Adler et al., 1978). Although most studies on the impairment of T-cell proliferation 
with age have been performed with the [3H]_ TdR uptake technique, the integrated 
approach described above has enabled us to assess more precisely the mechanisms 
by which T lymphocytes of old mice and elderly humans fail to proliferate as 
efficiently as cells from young donors. In order to establish such a lymphocyte 
proliferation "profile" in a routine clinical test, the following parameters are studied 
following stimulation by PHA in autologous serum and in a standard AB serum: 

l. Number of Gla and Glb cells (by cytofiuorometry). 
2. [3H]_ TdR incorporation. 

TABLE II. Changes in Immune Functions with Age (Man) 

Little change in IgG, IgM, IgE levels, slight rise in IgA 
Decrease in primary antibody response 
Little change in secondary antibody response 
No change in number of circulating B lymphocytes 
No change in immunoglobulin in vitro (PWM stimulation) 

Little change in number of circulating T lymphocytes 
Relative decrease in T -helper cells 
Relative increase in T -suppressor cells 
Decrease in delayed-type hypersensitivity 
Decrease in T-Iymphocyte proliferation 
Decrease in induction of cytotoxic T cells 
Decrease in production of some Iymphokines 
Decrease in some hormonal and Iymphokine receptors 

Decrease in serum thymic factors 

Increase in autoreactive T lymphocytes 
Increase in autoantibodies 
Increase in circulating immune complexes 
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3. Effect on [3H]-TdR incorporation of the addition of exogenous IL-2 (10 
U/ml) or of indomethacin. 

4. Production of IL-2 (in U/mV24hr) under standardized culture conditions. 
5. Number of Gl cells and eH]-TdR incorporation (To-4 hr) at time O. 

These investigations permit assessment of (1) the degree of cell activation in 
vivo prior to bloodletting; (2) the capacity of the cells to be activated by lectins; 
(3) the production of IL-2; (4) the capacity of response to IL-2 presumed to reflect 
indirectly the state of IL-2 receptors; (5) the internal "damping" effect of prosta
glandin synthesis presumed to be due essentially to activated monocytes; and (6) 
the presence of autologous serum factors affecting one or more of the parameters 
mentioned above. 

Such experiments have been carried out in old inbred and random-bred mice 
(Joncourt et al., 1982a,b) and in three groups of humans (20-35 years, 50-65 
years, and over 70 years old); the results are described in detail elsewhere (Joncourt 
etal., 1983). 

In addition to results obtained with peripheral blood lymphocytes in man, 
studies in mice have revealed several other age-associated changes, such as mod
ifications in the composition of cellular subsets in various lymphoid organs and 
differences in lymphocyte compartmentalization (Joncourt et ai., 1981b). A sum
mary of the results obtained to date is given in Table III. It is noteworthy that with 
this more sophisticated approach to the study of aging lymphocytes, age-associated 
dysfunctions already become detectable in middle age. Furthermore, there appear 
to be increasing individual variations with advancing age. Whether the maintenance 
of high T-lymphocyte proliferative capacity constitutes a selective advantage for 
the aging individual has not yet been demonstrated; preliminary prospective studies 
on a random-bred mice population (Joncourt et al., 1981a) suggest that this may 
not be obligatorily the case. Many other factors, e.g., the dysregulation in self
recognition, may influence the overall performance of the immune apparatus in 
such a way that a slightly lowered T proliferative capacity instead represents an 
adaptive mechanism which favorably influences survival prospects. Marked to com
plete impairment of T-cell functions, on the other hand, as observed in anergic 
states and advanced cancer, has most certainly a detrimental effect on resistance 
to infections and thereby on survival. 

TABLE III. Summary of Our Results on Immunological Changes of Human and 
Murine Lymphocytes with AgeB 

Shifts in T-cell subsets (T helperlsuppressor ratio) 
Changes in compartmentalization (T/B ratio in lymphoid organs) 
No change in IL-J production 
Decrease in number of lectin-activatable T cells (GO-G 1) 

Decrease in IL-2 production 
Decrease in sensitivity to IL-2 (IL-2 receptors) 
Increase in number of in vivo activated cells (G I at time 0) 
No decrease in number of LPS-activatable B cells 

Q Joncourt et al. (l98\a.b, 1982a,b, 1983, and unpublished results). 
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3. AGE-ASSOCIATED CHANGES IN LYMPHOCYTE 
RECEPTORS 
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It is well known among gerontologists that changes in cellular receptors often 
accompany the aging process and may be directly responsible for altered cellular 
functions. Age-associated changes in insulin and glucagon receptors in adipocytes 
(Sartin et al., 1980), adrenergic reeptors in cardiac muscle cells (Lakatta, 1980), 
serotonin receptors in neuronal synapses (Roth, 1979), and various hormonal re
ceptors in different tissues (Roth, 1979) are only some of the examples which may 
be quoted to illustrate the importance of cellular receptor modifications in aging. 
It could be stated summarily that "age is a disease of receptors"! Although this is 
manifestly an overstatement as some lymphocyte receptors do not change with age 
(Landman et al., 1981; Abrass and Scarpace, 1981) or may even increase (Roth, 
1979), it may well be that most of the physiological changes accompanying ad
vancing age ultimately rest on modifications in expression, density and/or avidity 
of cellular receptors. 

Studies on aging proliferating lymphocytes have clearly shown that the de
creased proliferative capacity rests not only on diminished IL-2 production (Gillis 
et al., 1981; Joncourt et al., 1982a,b; Thoman and Weigle, 1981, 1982; Chang et 
al., 1982) but also on diminished IL-2 receptivity (Joncourt et al., 1982b; Gilman 
et al., 1982), which is itself a consequence of a diminution in the density of IL-2 
receptors available on the cell surface. It is not known at this stage whether changes 
in IL-2 receptor quality (e. g., molecular alterations in receptor structure leading to 
decreased affinity for IL-2) also participate in the overall decreased efficiency of 
IL-2-IL-2 receptor interactions. 

These observations have led us (Wang et al., 1983a; Slauson et al., 1983) to 
investigate the fate of other receptors known to be present on lymphocytes, in 
function of the cell cycle, on the one hand, and of the age of the cell donor, on 
the other hand. Some of these other receptors seem to appear on the cell membrane 
only during the G1 phase following activation (e.g., insulin, transferrin)(Krug et 
al., 1972; Helderman et al., 1979), others are present on resting GO cells but 
increase markedly during the G 1 phase (e.g., corticosteroid receptors) (Crabtree et 
al., 1980a,b), while others apparently change little during the cell cycle (OKT4 
and OKT8 markers, HLA-A and B histocompatibility antigens). Lymphocytes carry 
a large number of membrane proteins functioning as receptors for a whole variety 
of ligands (Table IV); these cells could therefore be considered as an easily available 
cellular system to investigate the state of hormonal and other physiological receptors. 
Some of these receptors appear to be located not on the cell surface but in the 
cytoplasm (e.g., corticosteroid receptors) while the presence of specific membrane 
receptors for some ligands which exert functional influences on lymphocytes (e.g., 
histamine) is still controversial (Wang et al., 1983b). 

Our studies on the age-associated modifications of lymphocyte receptors have 
up to now been restricted to the insulin and corticosteroid receptors; these studies 
are described in detail elsewhere (Wang et al., 1983a). The main result is shown 
in Table V. For both receptors, the increase observed during the early G 1 phase 
appears similar in the young and middle-age groups; the middle-age group, however, 



292 A. L. DE WEeK et a/. 

TABLE IV. Lymphocyte Receptors 

Antigen-specific: Ig, T-cell receptor 
Fc receptor 
C' components: C3a, C3b, CSa 
Lectins: PHA, Con A, PWM 
Histocompatibility antigens: DR, Ia 
Lymphokines: IL-2, interferon 
Hormones: glucocorticoids, insulin, growth hormone, l3-adrenergic, thymosin, 

calcitonin, parathyroid hormone 
Mediators: histamine, adenosine, acetylcholine, low-density lipoprotein 

seems to lag behind in the late G1b phase, leading to an overall decreased number 
of receptors per activated cell at the end of the G 1 phase. These results are consistent 
with previous publications indicating a decrease in sensitivity to hydrocortisone in 
aging lymphocyte populations. For IL-2 receptors, we do not yet have indications 
whether the observed decrease in number of IL-2 receptors already occurs during 
the early G1a phase or only becomes manifest during the later phase of RNA 
synthesis. It is tempting to speculate that the basic aging phenomenon occurs at 
the level of RNA synthesis and/or transcription, preventing the synthesis and expres
sion of several membrane proteins at a similar rate. This, however, would require 
more extensive investigations. As shown by experiments with serotonin (Slauson 
et al., 1983), the expression of IL-2 receptors and the production of IL-2 can be 
regulated independently. It would be interesting to assess whether age affects the 
RNA synthetic processes responsible for membrane receptor expression and lym
phokine production to the same extent. 

The changes in receptor expression and functions associated with age, at least 
in some other systems, do not seem to be entirely irreversible or to be impermeable 
to influence by exogenous factors. For example, dietary restrictions in middle age 
appear to affect favorably the rate of decay of glucagon and adrenergic receptors 
in adipocytes (Masoro et al., 1980). Similar favorable effects of dietary restriction 
on the rate of decay of T -cell-dependent immune functions have been reported in 
old mice and rats (Walford et at., 1973; Good et at., 1980). In vitro, thymic 
hormones appear to modify the density of corticosteroid lymphocyte receptors. 
Accordingly, it is tempting to speculate that some therapeutic regimens acting 

TABLE V. Changes in Binding of Insulin and Dexamethasone to Human 
Peripheral Blood Lymphocytes with Age, as a Function of the Cell Cycle 

Hormone 

Insulin 
Dexamethasone 

Young 

0" 
3085 

GO 

Old 

o 
4033 

Young 

760 
16,290 

Gla 

Old 

770 
17,458 

Young 

1,481 
26,781 

Glb 

Old 

934 
18,662 

Q Average numbers of molecules bound per cell in young (20---35 years old) or "old" (50-65 years old) human PBL. 
For experimental details, see Joncourt el al. (1983). 
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through effects related to receptor expression might reverse some of the functional 
immune defects observed with advancing age. As one of the main apparent causes 
of impaired T -lymphocyte proliferation is a decrease in the number of PHA-acti
vatable mature T cells (possibly related to a decrease in the level of thymic hormones) 
and a deficiency in IL-2 production, it was logical to investigate whether concurrent 
administration of thymic hormones (in the form of a TF5-like calf thymic peptide 
extract) and of IL-2 to old mice would restore their impaired T-cell proliferative 
capacity. Preliminary experiments in our laboratory (Joncourt, unpublished results) 
suggest that such an approach is worth further consideration. 
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Augmentation of Antibody 
Synthesis in Vitro by Thymosin 
Fraction 5 
The Influence of Age 

WILLIAM B. ERSHLER 

1. INTRODUCTION 

27 

Previously, techniques available for the measurement of specific antibody synthe
sized in vitro have been complex and have usually required the addition of a 
nonspecific mitogen, such as pokeweed mitogen (PWM) (Fauci and Pratt, 1976; 
Thomson and Harris, 1977; Stevens and Saxon, 1978). We have recently described 
a one-step, non-mitogen-requiring assay for measuring antibody production in vitro 
(Ershler et al., 1982; Moore et al., 1984). One advantage of this assay is that with 
the addition to the culture medium of biological response modifiers such as thymosin 
or lymphokines, it allows the evaluation of these agents on this important immu
nological function. In this chapter, the effect of thymosin fraction 5 (TF5) on specific 
antitetanus and anti-influenza antibody production will be discussed. The in vitro 
effect of TF5 was found to vary with age, the most profound effect being observed 
in the advanced age groups (Ershler et al., 1984b). The potential therapeutic im
plications of these observations will also be discussed. 

2. THE MICROCULTURE ANTIBODY SYNTHESIS ENZYME
LINKED ASSAY (MASELA) 

To measure specific antibody production in vitro we have developed a one
step microculture assay that is applicable to a variety of antigens. The details of 
this assay are published elsewhere (Ershler et al., 1982; Moore et al., 1984), but 
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TETANUS MASELA 
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MonooocIear Cells in 
Tetanus Toxoid-Coated Wells 

6 Days Culture 37°C, 5%C02 

Cells Washed Out 
Anti-TT Adhered To 
Tetanus-Coated Surface 

Enzyme-Conjugated 
AntHgG (or IgM) Added 

Wash 

Colorimetric Substrate Added 

Reaction Product (Color) 
Measured Spectro
photometrically 

WILLIAM B. ERSHLER 

FIGURE 1. Schematic representation of the micro
culture antibody synthesis enzyme-linked assay for 
the measurement of in vitro production of antitetanus 
toxoid IgG or IgM. Peripheral blood mononuclear cells 
are cultured in tetanus toxoid-coated wells, washed 
out, and the antitetanus antibody measured by an 
enzyme-linked immunosorbent assay. 

are schematically represented (for antitetanus antibody) in Fig. 1. Peripheral blood 
mononuclear cells are cultured in microtiter plates that are previously coated with 
antigen. After 7 days, the cultured cells are washed out and the antibody synthesized 
and secreted into the culture supernatant and adsorbed to the solid-phase antigen 
is measured by enzyme immunoassay. In the tetanus system, cells cultured prior 
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FIGURE 2. In vitro production of antite
tanus IgG by peripheral blood mononu
clear cells from 20 normal young volun
teers cultured prior to 1 day and 3, 5, 6, 
7, 9, 11, and 13 days after booster im
munization. The antibody produced in the 
MASELA is measured spectrophoto
metrically (at 405 nm). The results de
picted represent the mean (solid 
line) ± S.D. (shaded area) for the pro
duction at each of the study dates. Anti
body production is negligible in cultures 
established up to 5 days after booster 
immunization, peaks at 7 days, and falls 
off abruptly thereafter. Cultures estab
lished 2 weeks after booster immuniza
tion produce antitetanus antibody at a level 
no different from those established in cul
ture prior to immunization. 
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FIGURE 3. In vitro antitetanus antibody production in the MASELA by peripheral blood mono
nuclear cells from two normal volunteers (open bar and hatched bar) 7 days after immunization 
(incubated). In parallel cultures, antibody production was measured in wells that had added 
puromycin or were frozen and thawed. These experiments, and others, have indicated that 
intact, protein-synthesizing cells are required for antibody production in this assay. 

to "booster" immunization produce negligible antitetanus antibody whereas pro
duction in vitro appears to be maximal in cultures established 7 days after the 
booster immunization (Fig. 2). Cells that were cultured after a brief freeze/thaw, 
or in the presence of puromycin, produced negligible antibody, indicating that intact 
cells, capable of protein synthesis, are required for antibody production in vitro 
(Fig. 3). 

For the MASELA to be a useful tool in the assessment of biological response 
modifiers, it is important to know that cellular interactions are operant. Cell sep
aration and remixture experiments (Moore et al., 1984) have indicated that B cells 
or T cells cultured alone produce only small amounts of antibody, whereas when 
mixed, T cells augment the B-cell production of antibody in a dose-response manner 
(Fig. 4). 

3. THYMOSIN AND IN VITRO ANTIBODY SYNTHESIS 

Various thymic factors have been shown to influence T-cell function in vitro 
and in vivo (Pahwa et al., 1979). Among these is the partially purified calf thymic 
preparation, TF5. This preparation has been demonstrated to enhance specific an
tibody sythesis when added (with PWM) to the culture medium with cells from 
recently immunized normal volunteers (Lowell et al., 1980). Interestingly, non
specific immunoglobulin was not enhanced by TF5. In the tetanus toxoid (IT) 
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FIGURE 4. Cellular interactions in the MASELA. Peripheral blood mononuclear cells were 
fractionated into subpopulations by standard cell-separation techniques. mnc, mononuclear cells; 
"monocyte depleted," monocyte-depleted mononuclear cells; T, T-cell enriched; B, T-cell and 
monocyte depleted. Cells were added to culture in varying ratios and the anti-n IgG antibody 
production was measured prior to (open portion of bar) and 1 week after (hatched plus open 
portion of bar) n booster immunization. For the two individuals depicted, preimmunization anti
n production varied. For both, however, production by T cells alone was minimal but the addition 
of this fraction augmented, in a dose-related way, the antibody production from the 7-day (but 
not the preimmunization) cultures of the B-cell fractions. 

experiments in our laboratory, certain individuals demonstrated marked in vitro 
enhancement of specific antibody synthesis. The majority of young, healthy vol
unteers, however, had minimal if any change in in vitro antibody production with 
added TF5. This is in contrast to the results observed in samples from older vol
unteers. Nevertheless, when measuring specific anti-influenza antibody production, 
TF5 augmentation was observed in cultures established with cells from most young 
and old recently immunized donors (Fig. 5) (Ershler et al., 1984a). 
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FIGURE S. In vitro anti-influenza antibody production as determined by the MASELA technique 
in five young and three elderly volunteers sampled prior to and weekly x 3 after influenza 
vaccination. Without added TFS, no increase in in vitro antibody synthesis postimmunization is 
demonstrable under these conditions. There does, however, appear to be a dose-related en
hancement of specific in vitro antibody synthesis which is maximal 1 week after immunization 
when TFS is added. The TFS effect is observed in both young and elderly volunteers. 

4. AGING, SPECIFIC ANTIBODY SYNTHESIS, AND TF5 

The immune deficiency associated with aging results primarily from thymic 
involution and loss of T-cell function (Makinodan et al., 1980). Those specific 
antibody responses which require T-cell interaction have been shown to decrease 
with aging (Price and Makinodan, 1972; Weksler and Huuteroth, 1974), whereas 
response to T-cell-independent antigens is less altered with aging (Smith, 1976). 
IT is a complex protein antigen for which T-cell interactions are required for optimal 
antibody response (Willcox, 1975). To determine in vitro the reconstitutive capacity 
of TF5 for age-acquired immune deficiency, lymphocytes from elderly volunteers 
obtained prior to and after IT booster immunization were cultured in the MASELA 
with TF5 (50, 100, or 200 f.Lg/ml) and the results compared to similar cultures 
established from young volunteers. Twenty-two young « 30 years) and 12 elderly 
(> 65 years) volunteers were studied. After IT injection, plasma levels of anti-IT 
antibody, determined weekly by an enzyme-linked immunosorbent assay (ELISA), 
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reached a significantly (p < 0.01) lower level in the older group (Fig. 6). In vitro 
production of anti-IT antibody (MASELA) was negligible prior to, and peaked 1 
week after the immunization. When TF5 was added to the culture, there was a 
dose-related enhancement of anti-TT synthesis observed primarily in the elderly 
group. Weekly cultures were established in 10 from this group; in 7, striking 
enhancement with TF5 was observed. In 3 of the 12 younger volunteers similarly 
studied, there was some enhancement with TF5, but this was of a lesser magnitude 
(p < 0.01) (Fig. 7). Nonspecific immunoglobulin production in vitro was not en
hanced by TF5, and thymosin (11 or b4 levels were not different in our two age 
groups (Ershler et al., 1984b). 
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FIGURE 6. Plasma antitetanus antibody (lgG) levels (± S.E.M.). Plasma samples were diluted 
1 : 1000 and anti-TT IgG was measured by ELISA. At each time point, young volunteers produced 
greater anti-TT IgG (p < 0.01) than the older volunteers. 
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FIGURE 7. The effects of TF5 on in vitro antitetanus antibody synthesis. Peripheral blood 
lymphocytes obtained 1 week after booster immunization from young or old volunteers were 
cultured in tetanus-coated wells in the presence of TF5 (T1 = 50 fLg/ml, T2 = 100 fLg/ml, 
T3 = 200 fLg/ml). Antibody synthesized in cultures without thymosin is assigned the control 
value of 100%. Change compared to the control is depicted as % change ± S.E.M. Antibody 
production increased slightly (but not significantly) in cultures from the young subjects, but 
increased dramatically in the older group. At the dose of 200 fLgTF5/ml, the increased production 
was highly significant (p < 0.01). 

5. CONCLUSIONS 

The MASELA is a reliable and simple method for measuring specific antibody 
produced in vitro. It may prove to be a useful tool for assessing immune competence 
and for probing basic immune cellular interactions. Furthermore, it may become 
very useful for the in vitro evaluation of certain biological response modifiers or 
drugs. In this context it is apparent that TF5 may augment specific antibody syn
thesis. In our experiments, utilizing both IT and influenza antigen, in vitro antibody 
production was enhanced by TF5. These antigens are particularly relevant for the 
evaluation of TF5 because intact T-cell function in addition to the "effector" B-cell 
response is required for optimal production. 

We have been concerned with the immune deficiency associated with aging. 
This acquired defect primarily involves the T-cell component of the immune re
sponse, and therefore specific antibody production in response to antigens which 
are known to require T-cell interaction (T-dependent) would be expected to be low 
in aged individuals. In this regard it is important to highlight the remarkable aug-
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mentation by TF5 of specific antibody production after the immunization of the 
elderly volunteers. In fact, this augmentation was greater for the elderly than for 
the young. We conclude, therefore, that with aging, the effector mechanism for 
antibody response is intact, but thymus-dependent-regulatory cells are deficient. 
These, in turn, may be reconstituted with the addition of the exogenous TF5. 

These observations may be of some direct clinical importance. Immunization 
programs, such as for influenza, include the elderly, for this immune-deficient 
population is clearly at increased risk for infection. Immunization, however, is often 
not successful and vaccinated individuals have frequently proven not protected 
(Bentley, 1981; Ammann et al., 1980). TF5 and other thymic hormone preparations 
have been utilized safely and with success in various immune-deficient states (Cos
tanzi et al., 1979; Goldstein et al., 1982). Our studies would indicate that TF5 
treatment concurrent with active immunization for immune-deficient elderly people 
would result in greater antibody production and, logically, more effective protection. 
Certainly such hypothesis is worthy of systematic investigation. 
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The Production and 
Characterization of Monoclonal 
Antibodies to Lymphokines 

KENDALL A. SMITH 

1. INTRODUCTION 

28 

As the experimental procedures and results of the studies presented at this conference 
are described in detail in a recent publication (Smith et at., 1983), this commu
nication will provide a discussion of the implications of the data. The interested 
reader is referred to the primary publication for experimental details. 

Antibodies reactive with potent biologically active molecules can be exceed
ingly useful reagents, as exemplified by the impact that antihormones had on en
docrine research. The development of the radioimmunoassay for hormones provided 
the critical breakthrough necessary to proceed beyond ambiguous and lengthy bioas
says: for the first time, hormonal effect could be examined with an exact knowledge 
of hormone concentration. The subsequent demonstrations, that the biological ef
fects were mediated by very low levels of hormones and that the magnitude of the 
responses varied according to hormone concentration, led to a search for high
affinity, specific cellular receptors. Once it was realized that low hormone concen
trations were active, reason dictated that such receptors had to exist to permit the 
hormone--cellular interaction. Thus, it is especially noteworthy that as endocrinology 
benefited from immunology, in the field of lymphokine research, endocrinology 
has provided the intellectual and technical foundation necessary for the development 
of monoclonal antibodies to these hormonelike moieties. 

At the time the first antisera were raised against insulin, 30 years of physio
logical and pathophysiological research had led to the isolation and large-scale 
extraction of this important hormone. Consequently, the development of antisera 
reactive to the naturally occurring peptide was facilitated by the availability of 
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sufficient quantities of the hormone so that immunization was possible. When 
considering the development of antibodies to lymphokines, the problems confronting 
the investigator appear more difficult, for unlike insulin most lymphokines exist as 
biological activities that have yet to be ascribed to single molecules. Moreover, 
adequate quantities of the activities or "factors" have not been prepared. Thus, the 
most immediate problem relates to the acquisition of sufficient quantities of the 
moiety so that immunization is feasible. 

The term "factor" has been very appropriately used for most lymphokines, for 
their molecular nature and mechanism of interaction with target cells remain obscure. 
However, an endocrine approach to the lymphokine that promotes T-cell growth, 
interleukin-2, provided the understanding and insight necessary for a quantum leap 
forward, which facilitated the development of IL-2 monoclonal antibodies. Progress 
in the biochemical purification of IL-2, which was possible only because of the 
availability of the rapid and quantitative IL-2 bioassay (Gillis et al., 1978), permitted 
the isolation of biosynthetically radiolabeled IL-2 and the construction of an IL-2 
radioreceptor assay (Robb et al., 1981; Smith, 1983). For the first time, a quan
titative measurement of the number and affinity of IL-2 receptors became possible. 
In addition to the understanding this advance provided as to the mechanism whereby 
IL-2 interacts with target cells, these measurements allowed the expression of the 
biological activity of this "factor" in molecular terms. Detailed studies revealed 
that the binding and biological response curves for IL-2 were virtually identical. 
Thus, it was possible to establish that murine cytolytic IL-2-dependent T-cell clones 
bound and responded to IL-2 at concentrations ranging from 0.5 to 5 X 10-11 M. 
As well, 1 Vlml of IL-2 activity could be calculated as equal to 5 X 10-10 M. 
These numbers illuminated the fact that lymphocyte-conditioned medium containing 
1 Vlml IL-2 activity (the concentration generally found in normal lymphocyte 
conditioned medium) contained only 8 j-lg/liter of IL-2 protein. Consequently, for 
the first time, it was realized that 50-100 liters of such conditioned medium would 
be required to accumulate only 1.0 mg of IL-2 protein. 

2. PREPARATION OF THE ANTIGEN AND IMMUNIZATION 

Fortunately, it was discovered simultaneously by several investigators (Farrar 
et al., 1980; Gillis and Watson, 1980; Shimizu et al., 1980) that neoplastic T-cell 
lines produced 10- to 100-fold higher quantities of IL-2 than could be obtained 
from normal lymphocytes. As well, under the proper conditions, IL-2 could be 
produced from these cell lines without a serum requirement. This finding was of 
considerable help in the concentration and purification of IL-2, for the inclusion of 
10% fetal calf serum in the tissue culture medium results in a protein concentration 
of 7 g/liter. Thus, if IL-2 is produced under serum-containing conditions, one would 
expect to have 800 j-lg/liter (assuming 100 Vlml; 1 V = 8 ng) of IL-2 protein in 
the presence of 7 g/liter of serum protein. Accordingly, to obtain IL-2 free of 
contaminating proteins, an 8750-fold purification would be required. In practice, 
under serum-free conditions, we found that the protein concentration was generally 
5~0 mg/liter. Thus, only a 75-fold purification was ultimately necessary. It is 



MONOCLONAL ANTIBODIES TO L YMPHOKINES 309 

worthy of emphasis that it is not necessary to immunize with homogeneous antigen 
for the production of monoclonal antibodies, as would be the case for antigen
specific antisera. However, it is necessary to concentrate the antigen to a small 
volume if mice are to be immunized. The presence of 7 g of serum protein per 
liter of conditioned medium, even if 800 flg of antigen is present, effectively 
precludes concentration by any method other than ammonium sulfate precipitation. 
Unfortunately, salt fractionation results in significant losses (25-50%) of IL-2. 
Using serum-free conditioned medium, it is possible to concentrate several liters 
of fluid to a very small volume simply through filtration. Moreover, owing to the 
low protein concentration in the conditioned medium, it is possible to use only two 
separative steps [gel filtration and isoelectric focusing (IEF)] and obtain 50% re
covery of starting material in a highly purified and concentrated form (Robb and 
Smith, 1981). 

A standard protocol for immunization was found to be sufficient, provided 
microgram quantities (calculated on the basis of the number of units of IL-2 in
oculated) of IL-2 were used. Numerous attempts where submicrogram amounts of 
IL-2 protein were inoculated failed to stimulate circulating anti-IL-2 activity, and 
fusions using the splenocytes of such mice were unproductive. This experience was 
predictable in view of the knowledge that the magnitude of the immune response 
is antigen-concentration dependent. However, these experiments were performed 
prior to the determination that 1 U of biological activity was equivalent to only 8 
ng of IL-2 protein. After each immunization, mice were bled and the plasma tested 
for anti-IL-2 activity by three different assays: neutralization of IL-2 biological 
activity, precipitation of radiolabeled IL-2, and enzyme-linked immunoassay (ELISA). 
In this manner, it was possible to select those immunized mice prior to cellular 
fusion that contained antibody-producing cells. 

3. SCREENING FOR ANTIBODY ACTIVITY 

After multiple attempts to identify anti-IL-2-secreting hybridomas using the 
bioassay for the screening procedures, we turned to immunoassays. The major 
problem of the bioassay related to false-positive tests. Because, for the most part 
the hybridoma supernatants were taken from overgrown culture wells, it was difficult 
to discriminate between the presence of specific antibody and nonspecific suppres
sion of cellular proliferation due to the depletion of nutrients from "spent" hybridoma 
supernatants. Moreover, two-stage assays involving precipitation of putative anti
body-IL-2 complexes suffered from the same difficulty, in that the spent medium 
still had to be tested for suppression of cellular proliferation. In retrospect, had 
neutralization of biological activity been the only assay available, it is almost certain 
that all of the antibodies that were ultimately identified would have remained un
detected, as relatively high concentrations of antibody were subsequently found 
necessary for neutralization. Moreover, the antibody subsequently found to be the 
most useful for affinity purification of IL-2 (DMS-3) lacks neutralizing activity and 
thus would have been missed entirely. The relatively high antibody concentrations 
required for neutralization of biological activity were anticipated considering the 
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parameters of IL-2 receptor binding performed with intact cells and isolated plasma 
membranes. IL-2 receptors bind radiolabeled IL-2 with a remarkably high affinity 
(Kd = 5 to 20 X 10-12 M), whereas eqUilibrium dissociation constants for indi
vidual monoclonal antibodies have generally been reported to be considerably higher, 
in the range of 1 x 10-5 to 1 X 10-9 M (Ehrlich et al., 1982; Peterfy et al., 1983). 

An ELISA using highly purified IL-2 to coat plastic microwells proved to be 
the most sensitive and rapid method to screen hybridoma supernatants. We found 
that it was posssible to use relatively small quantities of IL-2 for this purpose (30 
ng/well), and therefore, only utilized the most highly purified IL-2 preparations. 
Again, this proved to be crucial to avoid ambiguities in the interpretation of positive 
assay results, especially if only partially purified material had been used for im
munization. Although the material used for the ELISA was not subjected to ana
lytical tests to ensure homogeneity, it contained a high concentration of IL-2 bio
logical activity that was uniform with respect to charge when examined by IEF, 
and size when examined by SDS-PAGE. Although it is possible that non-IL-2 
proteins with a pI and molecular size identical to IL-2 may have contaminated the 
material used for the screening ELISA, such putative contaminants were most 
probably present in minor amounts, as the ELISA screening assay identified the 
hybridomas that were subsequently found to secrete antibodies that react specifically 
to IL-2. It is evident that the use of only partially purified lymphokine for both the 
immunization and screening steps generates false-positive reactions that make inter
pretation of the immunoassay results almost impossible. 

4. DEMONSTRATING ANTIBODY SPECIFICITY 

Once putative antilymphokine-secreting hybridomas have been selected by a 
solid-phase antigen-binding immunoassay, it is necessary to prove the specificity 
of the antibody reactivity. We approached this problem through assays for the 
neutralization of IL-2 biological activity and assays for the immunoadsorption of 
biological activity. It is worthy of mention in this regard that two recent reports 
described neutralizing antibodies to IL-2 (Gillis and Henney, 1981; Stadler et al., 
1982). However, the data presented in both reports fall short of providing convincing 
evidence that the hybridoma products are in fact antibodies reactive with IL-2. As 
the biological activity of IL-2 is the promotion of T-cell proliferation, one must 
identify inhibition of proliferation by hybridoma products. As many additives to 
cultures can suppress cellular proliferation, either through the removal of essential 
nutrients or by suppressing general cellular metabolism, it is crucial to control for 
these possibilities. 

We found that it was necessary to purify the monoclonal antibodies prior to 
testing them for neutralizing activity. In addition, several experimental approaches 
were required to provide conclusive data in support of the IL-2-specific reactivity 
of the antibodies. For example, it was demonstrated that the neutralizing antibodies 
also inhibited radiolabeled IL-2 T-cell binding and that the concentrations of an
tibodies required for both effects were identical. These findings suggested quite 
strongly that the mechanism of the neutralizing effect was unrelated to nonspecific 
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suppression of cellular metabolism, as IL-2 binding does not require metabolic 
energy (binding occurs to glutaraldehyde-fixed cells and isolated plasma mem
branes) (Robb et at., 1981; Smith, 1983). Moreover, the antibody neutralization 
was found to be IL-2-species specific: whereas human, murine, and gibbon ape IL-
2 activities were all neutralized, rat IL-2 activity remained unaffected. This obser
vation provided additional evidence indicating that IL-2 binding was responsible 
for the suppression of T-cell proliferation, rather than nonspecific suppression of 
cellular metabolism. If the inhibition of the T-cell proliferation were nonspecific, 
it should occur regardless of the source of IL-2. Further evidence against a non
specific effect was the finding that the proliferation of IL-2-independent cells re
mained unaffected by antibody concentrations that completely suppressed IL-2-
dependent T-cell proliferation. A final test for specificity, not included in the pre
vious studies (Gillis and Henney, 1981; Stadler et at., 1982), was provided by IL-
2-antibody competition experiments. A maximal inhibitory concentration of anti
body was chosen and increasing concentrations of IL-2 were added to the cultures. 
If the antibody-mediated neutralization of IL-2 activity resulted from binding to IL-
2, then an excess of IL-2 would be expected to circumvent the antibody effect. 
This expectation was met exactly, for IL-2 overcame the antibody-mediated neu
tralization in a concentration-dependent fashion. 

5. MONOCLONAL ANTIBODIES AS L YMPHOKINE
PURIFICATION REAGENTS 

As the purification of lymphokines is one of the major obstacles to the as
signment of a particular biological activity to a single molecule, rather than a "factor" 
or "factors," the use of monoclonal antibodies as solid-phase immunoadsorbants 
provides a particularly attractive approach. Our experience with the use of the DMS 
monoclonal antibodies in this way has been exceedingly satsifying. IL-2 present in 
crude conditioned medium can be concentrated from several liters to a few milliliters 
by using a high concentration of antibody complexed to a small volume of solid 
supporting material (e.g., 20 mg antibody coupled to 1 ml of gel). The theoretical 
molecular binding capacity of such an immunoadsorbant is 1.2 x 1017 molecules 
(assuming 15 mg antibody/ml gel). As the most active conditioned media contain 
IL-2 at a concentration of 5.0 x 10-8 M, 1 liter should contain 3 x 1016 IL-2 
molecules. Thus, a I-ml antibody affinity column can theoretically bind all of the 
IL-2 from 40 liters of conditioned medium. In practice, we find that the DMS-3 
antibody or the DMS-3 antibody together with the DMS-l antibody, yields recov
eries ranging from 50 to 80% of the starting material after application of conditioned 
medium and extensive washing. The IL-2 activity that binds, and which can be 
subsequently eluted, retains biological activity and is homogeneous within the limits 
of detection by SDS-PAGE, reverse-phase liquid chromatography and amino acid 
sequence analysis (Copeland et at., Chapter 17, this volume). Thus, as it is possible 
to obtain milligram quantities of human IL-2 in pure form, we can be cautiously 
optimistic that biological experiments performed with this material can be interpreted 
unambiguously. 
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6. CONCLUSIONS 

Monoclonal antibodies reactive to lymphokines can be produced quite easily, 
provided the individual properties of each moiety are considered. The major initial 
obstacle relates to the accumulation of enough of the material in a concentrated 
and at least partially purified form. For IL-2 this was accomplished because a rapid 
unambiguous bioassay was available, so that the biological activity could be quan
tified during analytical and preparative biochemical separative procedures. More
over, the availability of high-producer cells and the development of the radiolabeled 
IL-2 binding assay permitted, for the first time, the means to determine the molecular 
concentrations of the biological activity. With these characteristics firmly in mind, 
it was relatively simply to apply discriminative immunoassays that ultimately al
lowed for the identification of the hybridomas secreting anti-IL-2. Thus, the future 
of Iymphokine research appears quite promising. With the concept that we are 
dealing with unique polypeptide hormones, and the availability of monoclonal 
antibodies, we should be able to proceed quite quickly to studies of the mechanisms 
of lymphokine action and their role in the regulation of the immune response. 
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Modulatory Interactions between 
the Central Nervous System and 
the Immune System 
A Role for Thymosin and Lymphokines 
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1. INTRODUCTION 

The immune system is comprised of varied cell types with diverse characteristics 
and functions, but which ultimately contribute to the maintenance of host defense. 
Within the central and peripheral immunological tissues are numerous mechanisms 
by which immunogenesis and active immunity are regulated. These include direct 
contact between cells as well as the elaboration of biologically active products. 
Most of these products have been characterized based on their biological function. 
Hence, T-cell growth factor, migration inhibitory factor, colony-stimulating factor, 
as well as a host of others, constitute a long list of growth-promoting or -regulating 
agents. Thymosin peptides, first isolated from extracted thymic tissue, also play an 
important immunoregulatoiy role during the course of T-cell differentiation. These 
as well as other functions of lymphokines and thymosins are discussed at greater 
length elsewhere in this volume. However, in addition to the lymphokines and 
thymic factors which were originally detected and defined during the course of 
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investigations of immune function, hormones that were classically defined within 
the context of a nonimmunological function can also influence host defense. 

Glucocorticoids have been found to enhance or to inhibit lymphocyte function 
depending on their relative concentration (see Monjan, 1981, and Hall and Gold
stein, 1984, for review of this topic). Reproductive hormones can also exert pro
found influences on the immune system, a phenomenon that is thought to underlie 
the fact that females and males differ in their immunological capacities (Nicol and 
Bilbey, 1960; Thompson et al., 1969). Other hormones, such as insulin, growth 
hormone, prolactin, and circulating catecholamines, have immunomodulatory prop
erties, but these are not as well defined as are the influences of reproductive and 
adrenal steroids. The effects of these various hormones are discussed at more 
deserving length elsewhere (Ahlqvist, 1976; Bourne et al., 1974). They are briefly 
mentioned in this introduction to illustrate the fact that there are numerous im
munomodulatory influences which are not produced by components of the classically 
defined immune system. Furthermore, these hormones are influenced by hypotha
lamic-hypophyseal pathways as well as by the sympathetic and parasympathetic 
branches of the autonomic nervous system (Renaud, 1984; Maclean and Reichlin, 
1981). 

An increasing body of evidence supports the hypothesis that hormonal influ
ences on immunity are not unidirectional, but are part of a complex and reciprocal 
modulatory circuit in which the hormones can also be influenced by products of 
the activated immune system (Hall et al., 1982; Besedovsky and Sorkin, 1977). 
This influence can occur at the level of the eNS, as well as at the receptor associated 
with the lymphoid target cell. As the complex interrelationships between immu
nological and other products become better defined, it is apparent that thymosins 
and lymphokines exert not only direct effects upon host defense, but may also have 
indirect effects via diverse neuroendocrine circuits. The evidence in support of this 
concept is as follows. 

2. EFFECTS OF SYSTEMIC INJECTION OF THYMOSINS AND 
L YMPHOKINES ON THE GLUCOCORTICOID AXIS 

During the course of the primary immune response, there occurs a significant 
rise in serum levels of corticosterone (Besedovsky and Sorkin, 1977). The elevation 
in steroid concentration coincides with the production of antibody and might be the 
consequence of thymosin and/or lymphokine release. Both families of immunom
odulatory products have been shown to stimulate steroidogenesis in vivo (Bese
dovsky et al., 1981; McGillis et al., 1982). 

Thymosin fraction 5, when injected intraperitoneally into adult male rats, 
results in a significant rise in circulating corticosterone that is both time and dose 
dependent. Table I reveals that although the handling procedure resulted in a pre
sumed stress release of corticosterone, the rats that received thymosin fraction 5 
displayed levels that were significantly greater than in vehicle-injected control rats. 
Furthermore, the levels remained elevated hours following the injection, returning 
to normal by 24 hr. The 2-hr values were comparable to those observed in rats that 
were injected with ACTH. Similar results have been observed following the systemic 
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TABLE I. Systemic Injection of Thymosin Fraction 5 (F5) Increases Serum 
Corticosterone in Wistar Rats 

Treatment 

Noninjected 55.3 :!: 15.3" 
Saline 
Thymosin F5, 

2 fLglkg 
Thymosin F5 

20 fLgikg 
ACTH 

Q ng/m1. mean :!: S.E.M. 
*p < 0.05 vs. saline. 

0.5 hr 

146.5 :!: 45.6 
161.6 :!: 38.8 

209.3 :!: 44.6 

Time after injection 

2hr 24 hr 

45.4 :!: 11.2 62.9 :!: 13.2 
55.2 :!: 9.5 40.0 :!: 11.7 

136.1 :!: 38.0' 58.2 :!: 15.9 

115.0 :!: 31.7 

injection of thymosin fraction 5 into rabbits as well as monkeys (Sivas et aI., 1982; 
Healy et al., Chapter 34, this volume). Lymphokines can also promote steroido
genesis. Supernatants of Con A-stimulated lymphocytes have been found to stim
ulate a significant rise in corticosterone in rats (Besedovsky et al., 1981). Partially 
purified lymphokine preparations that are provided commercially have also been 
found to cause a rise in glucocorticoid levels in humans (Dumonde et al., 1982). 

It is possible that the corticogenic effects of both preparations are due to a 
shared component. Thymosin Ctl, a 28-amino-acid polypeptide that is a constituent 
of thymosin fraction 5, is also present in the supernatants of Con A-stimulated 
lymphocytes and of certain cultured T-lymphoma cell lines (see Zatz et al., Chapter 
15, this volume). Furthermore, preliminary data suggest that thymosin Ctl is capable 
of stimulating steroidogenesis via a mechanism involving the CNS. These data will 
be reviewed in a subsequent section, in which the results of intracerebral injections 
of thymosin peptides will be discussed. 

It is apparent from these observations that the immunomodulatory effects of 
glucocorticoids may not be simply the adverse consequence of generalized stress. 
Instead, they might constitute part of an immunoregulatory circuit by which ho
meostatic adjustments of immune function are brought about. The mechanism by 
which the hypothalamic-hypophyseal-adrenocortical axis is regulated appears to 
occur in part at the level of the CNS. This tentative conclusion is based on evidence 
that (1) there is no direct effect of thymosins or lymphokines on either adrenal 
fasciculata cells or pituitary tissue and (2) that the intracerebral injection of thymosin 
results in elevated corticosterone, but at concentrations that are ineffective when 
injected systemically. 

3. EVIDENCE FOR A CNS SITE OF THYMOSIN-INDUCED 
CORTICOGENESIS 

Isolated adrenal fasciculata cells normally respond to ACTH treatment by 
elaboration of cAMP as well as glucocorticoids. This model was used to evaluate 
the potential direct effects that various lymphokines and thymosin preparations might 
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TABLE II. Thymosin F5 and Thymosin (1, Do Not 
Directly Stimulate Corticosterone Production by 

Isolated Adrenal Fasciculata CeUsa 

Test material 

ACfH (0.71 nM) 
Thymosin F5 (20 jJ.g/ml) 
Thymosin IXI (5 x 10-11 M) 
ACfH (0.28 nM) 
ACfH + F5 
ACTH + IXI 

a From Vahouny el al. (1983). 

Corticosterone 
(ng/2.5 x lOs cells) 

665 ± 15 
11 ± 3 
23 ± 0 

323 ± 15 
326 ± 10 
319 ± 40 

exert on these cells (Vahouny et ai., 1983). The results of this study are summarized 
in Tables II and III and reveal that none of the preparations tested had any effects 
on these adrenal-cortical cells. Neither cAMP nor corticosterone release was af
fected by the various incubation regimens. The possibility was considered that these 
substances might act to potentiate the stimulatory effects of ACTH. This question 
was addressed by adding the various preparations to a suboptimal dose of ACTH. 
Using the same assay system described above, there was no evidence of synergism 
as measured by levels of cAMP or by corticosterone release. Consequently, it is 
considered unlikely that the corticogenic effects of thymosins and lymphokines are 
due to direct stimulation of the adrenal cortex. 

Another possible site of action are the ACTH-producing cells within the pi
tuitary gland. However, preliminary studies suggest that this is not the case, at least 
with respect to thymosin fraction 5 (McGillis el ai., unpublished observations). To 
evaluate this possibility, minced pituitary tissue has been rapidly dissected from 
adult rats and superfused with thymosin fraction 5. Whereas corticotropin-releasing 
factor triggered a significant release of ACTH into the medium, thymosin fraction 
5 was without effect. Concentrations that were tested ranged from 1 pg to 1 mg 
and as can be seen in Fig. 1, there was no alteration in the profile of ACTH release. 
The pituitary cells were still viable after thymosin treatment as superfusion with 

TABLE III. Thymosin F5 and Thymosin (1, Do Not 
Directly Stimulate cAMP Production by Adrenal 

Membranesa 

Test material 

ACfH (2.5 x 10-6 M) 
Thymosin F5 (I jJ.g) 
Thymosin F5 (10 ng) 
Thymosin IXI (6.4 x 10-8 M) 
Thymosin IXI (1.9 x 10-7 M) 

a From Vahouny el al. (1983). 

cAMP 
(pmoles/mg/15 min) 

10.7 ± 1.8 
1.1 ± 0.4 
0.8 ± 0.4 
1.5 ± 1.8 
1.6 ± 3.2 
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FIGURE 1. Profile of ACTH release from pituitary tissue following superfusion with thymosin 
fraction 5 (TSN 5) and corticotropin-releasing factor (CRF). 

CRF was able to induce ACTH release after the thymosin had been evaluated. As 
a result of this study, thymosin fraction 5 does not appear to stimulate corticogenesis 
via direct stimulation of ACTH-producing cells. The possibility of synergism with 
CRF is currently being investigated. 

An additional possibility is that thymosin fraction 5, as well as the other 
preparations, stimulate the adrenal axis at the level of the CNS. Ongoing studies 
indicate that this is the most likely site of action, for the injection of very small 
concentrations of thymosin into the brain can result in stimulation of the adre
nal-cortical axis. This has been demonstrated using thymosin fraction 5 as well as 
its component peptide, thymosin al. 

In the first investigation of intracerebrally injected thymosin, adult male rats 
were fitted with stainless steel guide tubes that were inserted into the calvarium 
overlying the anterior extent of the hypothalamus. Guide tubes were positioned 
stereotaxically while the rats were deeply anesthetized. All animals were allowed 
a 2-week recovery period before being randomly assigned to one of four experi
mental groups. 

One group was injected with 10 ~g of thymosin fraction 5 dissolved in 0.2 
ml of phosphate-buffered saline. A peptide control group received the same con
centration of kidney fraction 5 while a third group was not injected. A fourth group 
was subjected to the same surgery, but instead was injected with 10 JLg of thymosin 
fraction 5 intraperitoneally. Injections were given for five consecutive days after 
which the animals were sacrificed. The brains were perfused with 10% formol-
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TABLE IV. Effect of Intracerebroventricular (Lc.) Injection of Thymosin F5 on 
Endocrine Tissue Weights" 

Noninjected + Kidney F5 + Thymosin F5 + Thymosin F5 
Tissue controls i.c. injection i.c. injection i.p. injection 

Thyroid 26 ± 3 30 ± 2 33 ± 2 28 ± 6 
Testes 370 ± 4 369 ± 17 375 ± 10 359 ± 10 
Adrenal 70 ± 4 81 ± 9 114 ± 8* 74 ± 5 

• mg wet weight (X ± S.E.M.). 
*p < 0.025 vs. noninjected and i.p. control groups. 

saline and serially sectioned for histological verification of the implant site. Wet 
tissue weights were determined at the time of sacrifice. 

The results of this study are summarized in Table IV. The animals receiving 
intrahypothalamic injections of thymosin fraction 5 had significantly larger adrenal 
glands than did the control group. This effect was not attributable to injection
induced stress, as the adrenal weights of rats receivmg intrahypothalamic kidney 
fraction 5 was not statistically different from the uninjected control group. The 
effect was not due to leakage of the thymosin out of the brain resulting in direct 
stimulation of the adrenal gland. This possibility was negated by the data from 
animals that received i.p. injections of thymosin. Their adrenal weights did not 
differ from the uninjected control values. 

Histological evaluation of the brains from these animals revealed that most of 
the injections were in either the arcuate or the ventromedial nucleus. When animals 
were subgrouped on the basis of the precise hypothalamic nucleus injected, it was 
found that the heaviest adrenal weights occurred m rats that were injected with 
thymosin into the ventromedial nucleus (mean ± S.E.M. 127 ± 17) followed by 
the arcuate nucleus (111 ± 6). One animal, whose implant was in the medial
preoptic area, had a combined adrenal weight of 95 mg. All of these weights were 
greater than those from rats receiving vehicle injections in the same brain regions. 
It is perhaps noteworthy that during the time of peak antibody titer following primary 
sensitization with an immunogen, there is a threefold increase in the electrical firing 
rate of neurons in the ventromedial nucleus, implicating this hypothalamic nucleus 
in the modulation of immunity (Besedovsky and Sorkin, 1977). 

TABLE V. Effect of Intracerebral Injection of Thymic Peptides on Serum 
Luteinizing Hormone and Corticosterone Concentration 

Treatment 
group 

Noninjected control 
+ Saline 
+ Thymosin P4 (l jl.g) 
+ Thymosin al (l jl.g) 

*p < 0.02 vs. saline. 
**p < 0.01 vs. saline. 

Corticosterone 
(ng/nl ± S.E.M.) 

118.1 ± 31.3 
92.2 ± 13.2 
82.6 ± 19.6 

225.9 ± 57.5* 

Luteinizing honnone 
(nglml ± S.E.M.) 

0.89 ± 0.45 
0.40 ± 0.07 
2.82 ± 0.75** 
0.34 ± 0.75 
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TABLE VI. Intracerebral Injection of Thymosin F5 
and Thymosin ex1 Inhibits Immunological Assays 

Control Thymosin Otl 

Experiment 1 
PFC' 269 152 
Con Ab 119 8 

Control Thymosin F5 
Experiment 2 

Hemagglutination 260 54 
titer 

PHA 13 4 
Con A 42 13 
LPS 9 1 

• Number of splenic PFC per 1 ()6 cells. 
b Stimulation index. 
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Data generated using a mouse model indicate that the increase in adrenal weight 
is probably correlated with increased corticosteroid production (Hall et at., 1984). 
Mice were injected into the lateral ventricle using precisely measured polyethylene 
cannulas that extended into the lateral ventricle. This route of intracerebral admin
istration allows for transport of the injected material to multiple brain sites, including 
the hypothalamus. Although thymosin al was effective in stimulating corticogenesis 
when injected in this manner (Table V), thymosin ~4 had no effect on the adrenal 
axis. This peptide was found to stimulate LH release, a phenomenon that has also 
been demonstrated using an in vitro model (Rebar et at., 1981). 

Of paramount importance is whether the thymosin-induced rise in corticosteroid 
levels is sufficient to induce changes in immunity. Data generated using the intra
cerebroventricular model suggest that it is. Mice received injections of either thy
mosin at. thymosin a7, thymosin fraction 5, or vehicle. Both preparations that 
were effective in activating the adrenocortical axis, al and fraction 5, were also 
found to be effective in modulating the immune capacity of the mice. As shown 
in Table VI, this influence was in the form of a diminished response which is 
consistent with the known inhibitory effects of certain glucocorticoids on immunity. 

4. THYMOSIN a1 CAN BE DETECTED IN BRAIN TISSUE 

If thymosin peptides do indeed play an immunomodulatory role by acting on 
neuroendocrine circuits, then they should be present in those brain sites that influence 
the endocrine circuit in question. This was the case with respect to thymosin al 
and the adrenal axis. Using a radioimmunoassay that was developed to measure 
thymosin ai, the brains of several species have now been evaluated. These include 
mice, rats, and guinea pigs and in all species, thymosin al cross-reactivity was 
found to be highest in the diencephalon and lowest in the cortex. The most extensive 
of these studies was carried out using rat brain and the results are summarized in 
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TABLE VII. Distribution of Thymosin al-like 
Immunoreactivity in Discrete Brain Regions 

of the Rat"·b 

Brain region 

Hypothalamus and preoptic area 
Median eminence 
Arcuate n. 
Periventricular n. 
Paraventricular n. 
Supraoptic n. 
Ventromedial n. 
Dorsomedial n. 
Anterior hypothalamic n. 
Posterior hypothalamic n. 
Medial preoptic n. 

Thalamus 
Periventricular n. 

Septal area 
N. accumbens 
Lateral septum 
Anterior septum 

Midbrain 
Central gray 
Substantia nigra 

Cortex 
Cingulate cortex 
Striatum 

• Adapted from PaIaszynski et al. (1983) 

Peptide concentration 
(pg/jLg protein) 

6.33 ± 0.24 
6.53 ± 0.54 
3.33 ± 0.24 
3.18 ± 0.24 
3.52 ± 0.48 
3.68 ± 0.26 
3.36 ± 0.23 
2.68 ± 0.37 
3.32 ± 0.08 
2.4 ± 0.12 

4.36 ± 0.16 

3.59 ± 0.91 
2.30 ± 0.51 
3.55 ± 0.68 

3.08 ± 0.21 
3.10 ± 0.22 

1.37 ± 0.28 
1.01 ± 0.29 

b Each value represents the mean ± S.E.M. of four determinations. 

Table VII (Palaszynski et al., 1983; Hall et al., 1984). Highest concentrations were 
found in the median eminence and arcuate nucleus followed by the ventromedial 
nucleus. It is interesting that corticotropin-releasing factor activity can be modified 
by electrical stimulation of this region. Furthermore, this area corresponds to the 
sites where intrahypothalamic injections of thymosin fraction 5 were effective in 
stimulating increased adrenal weight. 

5. DISCUSSION 

The emotional state of an individual has a well-documented, but poorly char
acterized influence on health and disease. This includes anxiety-induced immu
nosuppression, as well as changes in immunocompetence, that are associated with 
psychotic behavior (Solomon et al., 1974). Furthermore, animal studies have re
vealed that behavioral conditioning can influence not only the ability of mice to 
respond to antigenic challenge, but also their ability to tolerate autoimmune disorders 
(Ader and Cohen, 1974, 1982). 

Pathways by which these effects might be conveyed to immunological tissues 
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include the autonomic nervous system as well as neuroendocrine circuits. However, 
neural modulation of immunity is not simply a unidirectional influence. Just as 
target endocrine glands prodqce hormones capable of exerting a feedback influence 
on the hypothalamic-hypophyseal axis that regulates them, the immune system 
appears to provide signals that serve a similar function with regard to neural control 
of immunity. A hypothetical model that accounts for not only the thymosin results 
discussed in this review, but also the results of studies published by others, is 
illustrated in Fig. 2. It has as its premise that products of the activated immune 
system are capable of stimulating neuroendocrine circuits which have immuno
modulatory influences. A possible reason for this influence is proposed to be the 
limitation of clonal expansion of lymphocytes (Besedovsky and Sorkin, 1977). 
Several types of evidence support this hypothesis . 

During the course of the immune response, corticosterone levels become el
evated reaching a peak at a time when antibody titers are at a maximum level 
(Besedovsky and Sorkin, 1977). T lymphocytes exerting effector functions have a 
reduced capacity to bind steroids after differentiation to this stage, whereas less 
mature cortical thymocytes are more sensitive to the inhibitory effects of steroids. 
Thus, elevated steroids at the time of peak antibody titers would have a minimal 
effect on the differentiated cells and a maximal effect on the less mature cells. It 
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has been proposed that the less mature cells, that might otherwise be responsive to 
various nonspecific lymphokines produced during the immune response, are pre
vented from doing so by the elevated corticosteroids. Consequently, the clonal 
expansion of cells with low or no affinity for the sensitizing immunogen would be 
restricted thereby preventing unnecessary differentiation. If this model is valid, then 
injecting a second immunogen at a time coinciding with the peak: levels of steroid 
should result in a diminished antibody titer to this subsequent immunogen. This 
was demonstrated in a series of elegant experiments conducted by Besedovsky and 
Sorkin (1977). Not only did the predicted diminution of the response occur, but it 
could be prevented by prior adrenalectomy. Subsequent data reported by these 
investigators and from our laboratory, strongly suggest that the corticogenic factor 
is present in both lymphokine and thymosin preparations. 

The mechanism by which the immune factor functions could involve one or 
more neurotransmitter systems. Serotonin and acetylcholine both stimulate corti
cotropin-releasing factor (Jones et ai., 1976). In addition, the same study revealed 
that norepinephrine is able to inhibit the stimulatory effect of serotonin and ace
tylcholine. Consequently, activation of the adrenal circuit could be subsequent to 
activation of serotonergic and/or cholinergic systems and/or to a reduction in nor
epinephrine activity. A disinhibition model involving norepinephrine is strongly 
suggested by recent evidence that a reduction in this neurotransmitter can occur 
following the administration of lymphokine-containing preparations (Besedovsky 
et ai., 1983). 

In addition to the hypothalamic-hypophyseal-adrenal axis, there is evidence 
that other neuroendocrine circuits are part of a bidirectional network linking the 
central nervous and immune systems (Besedovsky and Sorkin, 1974; Rebar et ai., 
1981; Hall et ai., 1982). The precise role that many of these potential pathways 
play in modulating immunity will have to await additional evidence. The adrenal 
influences on the immune system are the exception. The potential importance of 
such an immune-neuroendocrine circuit in health and disease is suggested by evi
dence that emotional states leading to increased anxiety or stress are generally 
associated with increased susceptibility to disease (see review by Hall, 1984). In 
addition to the well-documented adverse effects following overproduction of ster
oids, it would appear that during the course of mammalian evolution the system 
has become an additional immunoregulatory network. 
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Effects of Thymic Peptides on 
Hypothalamic-Pituitary Function 

ROBERT W. REBAR 

1. INTRODUCTION 

A role for the thymus gland within the immune system is now well recognized. 
Recent investigations have convincingly demonstrated that the thymus really func
tions as an endocrine organ, secreting peptides which influence lymphoid tissue 
structure and function (Goldstein et al., 1981). However, studies from our laboratory 
also suggest that thymic peptides may play a broader role within the endocrine 
system and may function as modulators of the hypothalamic-pituitary axis. In this 
brief review I shall attempt to delineate what we have learned about the apparent 
relationship between the thymus gland and other endocrine organs. I shall focus 
particularly on the effects of the thymus on the reproductive system but conclude 
by speCUlating about other possible functions for thymic peptides and suggest that 
the neuroendocrine and immune systems are tightly coupled and function together 
in a coordinated fashion. 

2. REPRODUCTIVE FUNCTION IN ATHYMIC MICE 

2.1. Early Studies Suggestive of Thymic-Reproductive System 
Interaction 

Calzolari (1898) first suggested a relationship between the thymus gland and 
reproductive function, noting hypertrophy of the thymus in castrated male rabbits. 
Subsequent studies have confirmed that thymic enlargement occurs after gonadec-
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tomy of either sex in almost every species of domestic and experimental animal, 
including man. Conversely, androgens and estrogens have been shown to induce 
atrophy of the thymus when administered to intact animals (Dougherty, 1952). 

Nishizuka and Sakakura (1969) then demonstrated that neonatal thymectomy 
in the mouse within the first 72 hr of birth leads to ovarian dysgenesis which is 
first apparent at 2-3 months of age and which occurs independently of wasting 
disease. This effect of neonatal thymectomy upon the mouse ovary has since been 
confirmed by Besedovsky and Sorkin (1974) and Lintern-Moore and Norbaek
Sorensen (1976). 

At about this time, Flanagan (1966) reported breeding a new strain of con
genitally athymic nude (nulnu) mice in which the females had decreased fertility. 
It has since been established that affected females also have delayed vaginal opening 
(Besedovsky and Sorkin, 1974) and accelerated follicular atresia such that the mice 
develop premature ovarian failure (Lintern-Moore and Pantelouris, 1975; Alten and 
Groscurth, 1975). 

Histological examination of the ovaries of the athymic nude mice showed them 
to be quite different from the ovaries of normal mice by as early as 10 days of age, 
even though they appeared similar at birth. The number of small nongrowing 
follicles appears increased, and proportionately the number of developing follicles 
is decreased (Lintern-Moore and Pantelouris, 1976a). By 1 month of age, all healthy 
growing follicles are contracted in size even though the number and compositon of 
the follicular population appear normal (Lintern-Moore and Pantelouris, 1975). By 
2 months of age, the number of follicles (and consequently of oocytes) in athymic 
mice is actually decreased compared to their normallittermates (Lintern-Moore and 
Pantelouris, 1975). Similar histological patterns with respect to follicular devel
opment and oocyte number have also been observed in neonatally thymectomized 
mice (Nishizuka and Sakakura, 1969, 1971; Lintern-Moore, 1977). 

Lintern-Moore and Pantelouris (l976a,b) postulated that the ovarian changes 
observed in the athymic mice might be the result of insufficient gonadotropin 
stimulation. They demonstrated that the administration of pregnant mare serum 
gonadotropin (PMSG) to athymic mice eliminates the histological differences be
tween the ovaries of athymic and normal mice observed at 10 days and 1 month 
of age. The histological similarity of the ovaries of the athymic animals to those 
ofrodents challenged with antigonadotropin (Hardy et al., 1974) was also apparent. 

2.2. The Hormonal Basis of Reproductive Defects in Athymic Mice 

Thus, prior to 1980, data suggested that gonadotropin deficiency during the 
prepubertal period might account for the ovarian abnormalities observed in athymic 
mice. What was required was the demonstration that gonadotropin secretion is 
diminished in such animals. Furthermore, if such a deficiency in gonadotropins 
existed in athymic animals, what was the mechanism by which the presence of the 
thymus prevented this deficiency? 

We began our investigations in this area by determining concentrations of 
pituitary and circulating gonadotropins in congenitally athymic nude (nulnu) mice 
and their endocrinologic ally normal heterozygous (nul +) littermates. We noted 
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decreased levels of both luteinizing honnone (LH) and follicle-stimulating honnone 
(FSH) in the pituitary gland and in the circulation prior to vaginal opening (i.e., 
puberty) and decreased circulating estrogen levels in adult athymic mice (Rebar et 
al., 1981a; Fig. 1). Simultaneously, Michael et al. (1980) reported that circulating 
concentrations of LH and FSH are reduced in immature neonatally thymectomized 
mice. In addition, we observed reduced concentrations of immunoreactive lutein
izing honnone-releasing factor (LRF) in the hypothalami of athymic mice relative 
to the heterozygotes at 10, 20, and 30 days of age (Rebar et al., 1981b). We also 
tested the ability of hypothalamic extracts from 20-day-old athymic and hetero
zygous mice to release LH when injected intravenously into rats as an estimate of 
the biological activity of hypothalamic LRF. Hypothalamic extracts from athymic 
mice consistently released less immunoreactive rat LH than extracts from the het
erozygotes, thus confinning the differences in immunoreactive LRF. Furthennore, 
the LH responses of the athymic mice to exogenous LRF administered in vivo were 
identical to those of the heterozygotes, and the maximal LH and FSH responses of 
dispersed pituitary cells in vitro to LRF from both groups of mice were also identical. 
These data support the conclusion that the pituitaries of the athymic animals can 
release gonadotropin appropriately and that the defect in the athymic mice is at or 
above the level of the hypothalamus. 

Although the reduced levels of circulating estrogen observed in the adult thymic 
mice might be consequent to reduced gonadotropin secretion in immature mice, we 

<f> 
nu/+ ....... 
nu/nu 0--0 

32 
:J: 
~ 24 ..... -0> 
>-E a:: , 16 ~O> 
-:I. 
i=- 8 
Ci: 

0 

100 I :J: 80 ..... ->-0> 
a::E 60 «' .... 0> 

40 5:1. .... -
Ci: 20 

0 
1 10 20 30 40 50 120 

AGE ~days) 

FIGURE 1. Pituitary concentrations of FSH and LH in female athymic nude mice (nulnu) and 
their heterozygous Iittermates (nul + ) as determined by radioimmunoassay. The pituitary levels 
before 20 days of age represent the means of multiple determinations on pools from at least 
five mice. For mice 20 days of age and older, individual pituitary glands were assayed, and the 
means and standard errors of these latter determinations (generally too small to be visualized) 
are shown. Results are expressed in terms of flog rat FSH or LH equivalents per mg pituitary 
(wet weight). (Adapted from Rebar et al., 1981a.) 
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transplantation (nulnu Tplt.), compared with sham athymic (nulnu) and sham normal hetero
zygous (nul +) mice at 20 days of age. Results are expressed in terms of ...,g rat LH or FSH 
equivalents per mg pituitary (wet weight). The number of pituitary gonads assayed individually 
and included in each group is in parentheses. Means ± standard errors are shown by bars. 
(Reproduced with permission from Rebar, 1983, as modified from Rebar et al., 1980.) 

had not yet ruled out the possibility of a direct effect of the thymus on the gonad. 
Consequently, we examined the maximum binding of purified human chorionic 
gonadotropin (hCG; which is structurally similar to LH) to crude membrane fraction 
of ovarian tissue from athymic and normal heterozygous females of various ages 
(Rebar et ai., 1981b). Maximum binding of heG was not decreased in the ovaries 
of the athymic mice relative to those of the heterozygotes. Thus, these preliminary 
data do not indicate any evidence of an inherent ovarian defect in the athymic mice. 

Because the hormonal alterations that we observed in the athymic nude mice 
might be genetic in origin, we attempted to ascertain if the reduced gonadotropin 
concentrations found in the athymic mice are causally linked to the absence of the 
thymus. We therefore implanted thymuses from their heterozygous littermates into 
athymic animals on the first day of life to determine if we could abolish the hormonal 
differences between the athymic mice and the heterozygotes (Rebar et ai., 1980). 
Previous investigators had demonstrated that the ovarian dysgenesis observed in 
the athymic mice could be eliminated by such transplantation (Pierpaoli and Be
sedovsky, 1975; Sakakura and Nishizuka, 1972). We found that the significant 
reduction in pituitary concentrations of gonadotropins observed in 20-day-old con
genitally athymic mice in comparison to their normal heterozygous littermates was 
completely prevented by transplantation of the thymus (Fig. 2). Thus, these data 
suggest a causal relationship between the thymus gland and normal reproductive 
function. 

3. STUDIES WITH THYMIC PEPTIDES 

The experiments with congenitally athymic nude mice led us to postulate that 
the thymus gland might exert its effects on reproduction through a humoral factor 
which influences the hypothalamic-pituitary unit. In collaboration with Drs. Allan 



THYMIC PEPTIDES AND HYPOTHALAMIC-PITUITARY FUNCTION 329 

Goldstein and Theresa Low, who kindly provided us with thymic peptides, we 
demonstrated that thymosin fraction 5 and one of its synthetic peptide components, 
thymosin 134, but not thymosin 0:10 stimulated secretion of LRF from medial basal 
hypothalami from normal cycling female rats superfused in vitro (Rebar et ai., 
1981 c; Figs. 3, 4) . We also observed release of LH from pituitary glands superfused 
together with hypothalami, but there was no release of LH in response to thymosin 
when pituitaries were superfused alone. In addition, preliminary studies have in
dicated that thymosin fraction 5 is ineffective in affecting growth hormone or 
prolactin release from pituitaries superfused with hypothalami (Rebar et ai., 1982). 

Thymosin fraction 5 also stimulated increased secretion of LRF in a dose
dependent fashion from hypothalami from adult, castrate, and prepubertal male and 
female rats and mice incubated in vitro (Rebar et ai., 1982, 1983). Kidney fraction 
5, prepared identically to the thymosin and with very little effect on tests of im
munological function, and myoglobin, which has minor homologies to thymosin 
134, were ineffective in releasing significant LRF. In confirmation of our in vitro 
observations, Hall et ai. (1982) recently noted that thymosin 134, but not thymosin 
0:10 increased serum LH levels in adult female mice when administered by intra
ventricular injection. 

To further determine if thymic peptides can directly effect release of LH or 

FIGURE 3. (A) Release of LH into the 
efflux from pituitary glands super
fused alone (top panel) or in sequence 
with mediobasal hypothalami (MBH) 
(bottom panel) from random cycling 
female rats in response to thymosin 
fraction 5 (20 .... g) or medium 199 in
jected at the arrows. For each exper
iment, the mean LH concentration in 
the fractions collected for 1 hr prior to 
injection was calculated. Each value 
during the experiment was then cal
culated as the percentage change from 
this baseline mean. The average per
centage change (:t S.E.) at each point 
for seven experiments is plotted. Sig
nificant changes from the control group 
are indicated by asterisks: 'p < 0.05, 
"p < 0.01. The mean basal concen
tration (:t S.E.) of LH was 
323.4 :t 29.5 ng/ml. (B) Release of 
LRF from superfused MBH from ran
dom cycling female rats in response 
to thymosin fraction 5 or medium 199 
expressed as the percentage change 
from mean basal levels. The mean 
basal concentration of LRF was 
30.7 :t 6.6 pg/ml. (Modified from Re
bar et al., 1981c.) 
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FIGURE 4. (A) Mean percentage changes (±S.E.) of 
LH from basal levels by pituitary glands superfused in 
sequence with MBH in response to synthetic thymosin 
a, (n = 8), 134 (n = 6), and medium 199 alone (n = 7). 
The synthetic thymosin or medium 199 was injected at 
the arrow. The mean basal concentration of LH was 
403.1 ± 45.6 ng/ml. (B) Mean percentage changes 
(± S.E.) of LRF from basal levels by superfused MBH 
in response to synthetic thymosin a, (n = 8),134 (n = 8), 
and medium 199 alone (n = 7). The mean basal con-
centration of LRF was 34.3 ± 3.7 pg/ml. The data in 

180 this figure were calculated and are presented as in Fig. 
3. (Modified from Rebar et a/., 1981c.) 

FSH from the pituitary, dispersed anterior pituitary cells from ovariectomized rats 
were cultured in Hepes buffer in the presence or absence of thymosin fraction 5, 
thymosin 134, and thymosin (11 (Rebar et al., 1982, 1983). Some culture dishes 
were primed with thymosin fraction 5 (1 f.Lglml) or thymosin 134 or (11 (2 X 10-12 

M), and others were cultured without thymosin for 2 days. The cell cultures were 
then washed extensively and subsequently reincubated for 3 hr with or without LRF 
and with or without thymic peptides. Media were then assayed for LH and FSH. 
The thymic peptides had no effect on either basal or maximal LRF-stimulated release 
of LH or FSH. In similar experiments we have also examined the effects of thymic 
peptides on estrogen and androgen production by granulosa and theca cells, re
spectively, from rat ovarian follicles as well (Rebar et aI., 1982, 1983). No dif
ferences in steroid production in vitro were noted regardless of the presence or 
absence of thymic peptides. Thus, we also failed to document any direct effects of 
thymic peptides on the ovary. 

Our experiments suggest a potentially important role for thymic peptides in 
reproductive function. However, whether thymosin 134 itself or structurally similar 
peptides act within the eNS remains to be established. 

4. A HYPOTHESIS FOR THYMIC-HYPOTHALAMIC 
INTERACTION 

Based on our studies in athymic mice and with synthetic thymic peptides, we 
now suggest that stimulation of LRF-LH release by thymic peptides may be im
portant at critical stages of development. Although a number .of investigators have 
proposed that an intact immune system is necessary for normal reproductive function 
(Bukovsky and Presl, 1981; Pierpaoli et ai., 1977), our data provide the first 
evidence of a direct effect of the endocrine thymus on the hypothalamus and afford 
us with the opportunity to investigate this novel hypothesis. 

Specifically, the thymus may play a role in regulating the rate of follicular 
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(i.e., oocyte) degeneration, known as atresia, in utero in primates and early in 
neonatal life in rodents. As previously noted, Lintem-Moore and Pantelouris (1976a) 
demonstrated that follicular atresia is accelerated in athymic nude mice in the first 
2 months of life. Maturation of the hypothalamic-pituitary-gonadal axis which 
occurs in the rodent in the first several days of life occurs in the human and other 
primates in utero. That thymic-endocrine interaction also occurs in the primate is 
suggested by the observation that young girls with congenital absence of the thymus 
gland have no oocytes in their ovaries on autopsy (Miller and Chatten, 1967). In 
collaboration with Drs. David Healy and Gary Hodgen of the NIH, we are now 
attempting to ascertain if fetal thymectomy of primates leads to reduced oocyte 
number of birth. Preliminary data have revealed that the ovaries of the thymecto
mized monkeys are significantly smaller than those of the controls. Additional 
evidence suggesting that the absence of the thymus in primates may lead to go
nadotropin insufficiency and accelerated follicular atresia is provided by the earlier 
observation that fetal removal of the pituitary gland in rhesus monkeys leads to 
ovaries devoid of oocytes at birth (Gulyas et ai., 1977). Also providing circum
stantial evidence is the observation that thymus glands are markedly increased in 
weight in anencephalic fetuses, which generally have small or absent pituitary glands 
(Benirschke, 1956). In collaboration with Drs. Allan Goldstein and Paul Naylor, 
we are now attempting to determine if the thymic peptide content of thymuses from 
anencephalic fetuses is increased as a result of decreased hormonal feedback from 
the hypothalamic-pituitary unit. In addition, thymic weight in the primate is max
imal at the fetal age at which oocyte number is also greatest (Baker, 1963; Hen
drickx, 1971). In the human, for example, the number of germ cells present at 20 
weeks of fetal age has been estimated as approximately 7 million (Baker, 1963). 
Simultaneous with thymic regression, oocyte number decreases to about 2 million 
by the time of birth. Although very little is known about the mechanisms controlling 
follicular atresia, such observations suggest that the thymus gland may playa role 
in regulating the rate of atresia. 

Even the suggestion that gonadotropins are necessary to prevent accelerated 
degenertion of primordial follicles is a radical one: Unsubstantiated dogma has 
maintained that LH and FSH are necessary only in later stages of follicular devel
opment. Recently, Ross and Vande Wiele (1981) have questioned this dogma and 
have suggested that gonadotropins may be necessary for maintenance of fetal 00-

cytes. However, no data exist to support the dependence of follicles in utero on 
gonadotropins. Still, the evidence presented here is clearly consistent with the 
hypothesis that there is a role for thymic peptides (or structurally related peptides 
synthesized elsewhere) in stimulating LRF-gonadotropin secretion and thus in re
tarding the rate of follicular atresia in utero. 

Furthermore, whether thymic peptides have other physiological roles in the 
regulation of LRF-LH secretion is not known. Any role in males in utero remains 
to be explored. In addition, is it possible that thymic peptides playa role in the 
increase in LH (and presumably LRF) secretion which occurs at puberty? In the 
human the size of the thymus gland increases a second time just prior to puberty 
(Kendall, 1981) coincident with activation of the hypothalamic-pituitary axis. In 
this regard, Michael et ai. (1981) reported that thymosin fraction 5 accelerated the 
day of vaginal opening (i.e., puberty) when administered to immature mice. 
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Establishing the validity of this hypothesis of physiological thymic peptide
stimulated LRF-LH release will require extensive investigation. Thus far, we have 
not been able to document any increase in peripheral LH concentrations in response 
to intravenously administered thymosin fraction 5 in rodents (unpublished obser
vations). We may not be administering the appropriate dose of thymosin in the 
appropriate manner. We have, however, recently reported that circulating levels of 
thymosin 134 but not thymosin (Xl appear to differ in women with differing concen
trations of circulating estrogen (Goldstein et al .• 1983). 

Regardless of the validity of the hypothesis, the potential usefulness of synthetic 
derivatives of thymic peptides to stimulate or to inhibit the secretion of LRF and 

. LH merits further study. One of the most common causes of anovulation in young 
women is hypothalamic in origin with apparent diminution of endogenous LRF 
secretion (Yen et al., 1973; Lachelin and Yen, 1978). Is it possible that derivatives 
of thymosin 134 might one day be utilized to induce ovulation in such women? 
Alternatively, is it possible that antagonists of thymic peptides might some day be 
used to inhibit LRF secretion and prevent ovulation? These possibilities warrant 
additional investigation. 

5. EXTENSION OF THE HYPOTHESIS 

Our studies with thymosin 134 led other investigators to consider the possibility 
that other thymic peptides might also influence hypothalamic-pituitary function. 
McGillis et al. (1982) demonstrated that thymosin (Xl results in increased corticos
terone secretion in mice. Hall et al. (1982) subsequently determined that intraven
tricular injection ofthymosin (Xl results in increased corticosterone levels in rodents. 
At this symposium, Hall et al. (Chapter 29) report on their further studies with 
thymosin (Xl and Healy et al. (Chapter 34) report that intravenous injection of 
thymosin fraction 5 (10 mg/kg) into prepubertal female macaque monkeys con
sistently increased circulating levels of ACTH, l3-endorphin, and cortisol. However, 
no changes in other pituitary hormones were noted. Thymosin (Xl and thymosin 134 
at doses of 75 J.Lg/kg did not significantly elevate any pituitary hormone. It is 
possible that the dose of synthetic thymic peptide was inadequate or the mode of 
administration inappropriate. 

In any event, such data suggest that a variety of thymic peptides may influence 
secretion of different hormones and neurosecretory products. In fact, one possibility 
is that at least some of the effects of the thymus and thymic peptides on the immune 
system represent the result of regulatory changes in hormonal secretion by other 
endocrine organs as well as alterations in lymphoid function. Three separate systems 
once thought to function quite independently of each other-the neurological, en
docrine, and immune systems-may well interact in a finely coordinated fashion 
to regulate the internal milieu of all complex organisms. This may well be one 
reason why data are accumulating to suggest that peptides originally thought to be 
unique to one system or organ apparently can be synthesized in several sites. 
Although these concepts are purely speculative at this time, I believe that they are 
logical and worthy of further consideration. Even if these hypotheses ultimately are 
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disproven, the experiments designed to test their validity should shed additional 
light on the interaction between thymic hormones and other endocrine organs. 
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1. INTRODUCTION 

31 

Macrophages (MPs) respond to certain membrane stimulants by a sequence of 
biochemical reactions known as the oxidative burst (Johnston, 1978). The primary 
event in the sequence is the reduction of molecular oxygen to superoxide (02) 
catalyzed by a membrane-associated NADPH oxidase. Part of O2 is further con
verted to hydrogen peroxide (H20 2) by enzymatic or spontaneous dismutation. 

MPs taken from animals infected with intracellular pathogens exhibit an en
hanced, immunologically nonspecific, antimicrobial activity and are commonly 
referred to as "activated MPs." The biochemical mechanism responsible for the 
enhanced bactericidal capacity of activated MPs is incompletely understood. There 
is considerable experimental evidence indicating that MP activation is accompanied 
by an augmented propensity to produce oxygen radicals in response to membrane 
stimulation (reviewed in Johnston, 1981). A major, albeit not the only, pathway 
of MP activation is initiated by the specific antigen stimulation of T cells leading 
to the synthesis of a category of lymphokines (LKs) with MP-activating properties 
(Fowles et at., 1973). An increasing amount of experimental data supports the idea 
that the enhanced oxidative metabolism of activated MPs is LK-induced. Thus, 
Nathan et at. (1979) found that mouse MPs incubated for 3 days with LK-containing 
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spleen cell supernatants produced elevated amounts of HzOz upon stimulation with 
phorbol myristate acetate (PMA). This property paralleled the ability of the cells 
to kill Trypanosoma cruzi. Enhanced production of Oi or H20 Z by LK-treated MPs 
upon membrane stimulation was also reported by other workers in mouse peritoneal 
MPs (Murray and Cohn, 1980), human monocytes (Nakagawara et al., 1982; Seim, 
1982), and in MP-like mouse (Murray, 1981) and human (Gately and Oppenheim, 
1982) cell lines. The stimulants used included PMA, opsonized zymosan, and 
parasites such as Toxoplasma and Leishmania. 

We have recently reported that guinea pig peritoneal MPs, elicited by mineral 
oil, respond by Oi production to an unusually wide array of stimulants (Pick and 
Keisari, 1981). The various stimulants were found to elicit an oxidative burst by 
activating distinct biochemical pathways (Bromberg and Pick, 1983). On the other 
hand, the effect of LK on the oxidative metabolism of guinea pig MPs has been 
investigated only to a limited extent. Two reports deal with enhanced reduction of 
nitroblue tetrazolium (NBT) by guinea pig MPs incubated with LK-containing 
culture supernatants (Krueger et al., 1976; Alf61dy and Lemmel, 1979) and another 
report describes an increase in oxygen consumption by LK-treated guinea pig MPs 
(Block et al., 1980). 

We have, therefore, undertaken a systematic study of the modulatory effect 
of LK on Oi production by chemically elicited guinea pig MPs responding to a 
battery of nine chemically unrelated stimulants. We demonstrate that, in the guinea 
pig, LK has a bidirectional modulatory effect on the oxidative metabolism of MPs, 
meaning that, depending on the stimulant, LK can both enhance and inhibit Oi 
production. 

2. MATERIALS AND METHODS 

Animals. Male Hartley guinea pigs weighing 300-400 g were used for obtaining 
peritoneal MPs and as lymphocyte donors for LK production. 

Production of LK-Containing Culture Supernatants. Guinea pigs were im
munized with I ml complete Freund's adjuvant (CFA), containing 0.4 mg/ml of 
killed Mycobacterium tuberculosis H37Ra (Difco) divided among the four footpads 
and the nuchal region. Four weeks later the draining lymph nodes were removed 
and made into a cell suspension in Eagle's minimum essential medium (MEM) 
supplemented with L-glutamine (2 mM), nonessential amino acids, and sodium 
pyruvate (1 mM) and containing 100 U/ml penicillin, 50 fJ..g/ml gentamicin, and 
25 U/ml mycostatin. Lymph node cells from 10 animals were pooled and purified 
on glass bead columns as described (Manheimer and Pick, 1973). LK production 
was induced by pulse exposure of lymph node lymphocytes, at a concentration of 
107 trypan blue-excluding cells/ml, to 10 fJ..g/ml Con A (Miles-Yeda) for 2 hr at 
37°C, followed by culture in mitogen-free medium for 24 hr (Pick and Kotkes, 
1977). A batch of the same lymphocyte pool which was not subject to Con A pulse 
was cultured for 24 hr at 37°C and served as control. Cell-free supernatants were 
prepared by centrifugation, and material from up to five Con A-stimulated and 
control cultures was pooled and dialyzed extensively for 24 hr at 4°C against fresh 
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Dulbecco's modified Eagle's medium containing 4.5 g/liter o-glucose (DMEM, 
Gibeo) supplemented with L-glutamine (2 mM), sodium pyruvate (1 mM), penicillin 
(100 Vlml), gentamicin (50 lJ.g/ml), and mycostatin (25 Vlml). The dialyzed culture 
supernatants, referred to as Con A LK and control LK, were divided in aliquots 
and kept frozen at - 20°C until use. As an indicator ofLK activity, each supernatant 
was tested for its ability to inhibit MP migration by the capillary tube assay and 
only material exhibiting percent inhibition of migration values higher than 30% 
was used to make up pools. Con A LK was also assayed for residual Con A as 
described (Pick and Kotkes, 1977). Free Con A never exceeded 0.5 lJ.g/mI. 

MP Culture. Peritoneal exudate cells (PEC) were obtained from guinea pigs 
injected intraperitoneally, 4 days earlier, with 10-15 ml mineral oil. The PEC were 
harvested, washed three times with Earle's balanced salt solution (BSS), and sus
pended in DMEM containing 15% heat-inactivated fetal calf serum (FCS, Gibeo) 
to a concentration of 2.5 X let cellslIiter. The cell suspension was added to 96-
well flat-bottom tissue culture plates (Nunclon, Nunc, or Microtest II, Falcon), 100 
1J.1Iwell, and the MPs allowed to adhere for 1 hr at 37°C in 95% air-5% CO2• 

Following this, the cell monolayers in the wells were washed three times with 100-
IJ.I volumes of warm BSS per well to remove nonadherent cells. The plates were 
now either used for testing Oi production in response to stimulants (time 0) or for 
culturing the MPs with LK. For the latter purpose, l00-IJ.I amounts of an appropriate 
dilution of Con A LK, Control LK, or DMEM, all supplemented with 15% FCS, 
were added per well and the plates incubated at 37°C in 95% air-5% CO2 for 1, 
2, or 3 days. When MPs were cultured for longer than 1 day, fresh LK or medium 
was added every 24 hr, after aspirating the LK left in the wells from the previous 
24-hr period. 

Assay for Oi Production. Oi production by freshly explanted MPs or by MPs 
cultured in LK medium was assayed by the reduction of ferricytochrome c directly 
in the 96-well plates with the cells in situ, using the automated microassay described 
by us (Pick and Mizel, 1981). The MP monolayers were rinsed three times with 
warm phenol red-free BSS, covered with 100 1J.1Iwell of a 160 IJ.M solution of 
ferricytochrome c (type III, Sigma) in BSS, containing the various elicitors of 
Oi production, and incubated for 90 min at 37°C. Normally, one complete 96-
well plate of MPs was incubated with either DMEM, control LK, or Con A LK 
and each one of the nine stimulants was applied to all eight wells in a vertical row. 
At the completion of the incubation period, the amount of reduced cytochrome c 
was measured with the aid of an automatic enzyme immunoassay reader (Titertek
Multiskan, Flow Laboratories) fitted with a 550-nm interference filter. Mean ab
sorbance values from eight identical wells were calculated and results expressed as 
nmoles O2 produced per mg MP protein per 90 min, based on an extinction coef
ficient of reduced minus oxidized cytochrome c of 21 x 1 ()3 M-1 cm-1• MP protein 
concentrations were determined on MP monolayers treated identically to those used 
for assaying Oi production. For each treatment, cells in 24-32 replicate wells were 
covered with 50 1J.1IweII of 1 N NaOH and incubated overnight at 37°C in a 
humidified incubator. The following day, the protein hydrolysate from identical 
wells was pooled and the protein content determined by the method of Lowry et 
al. (1951), using bovine serum albumin as standard. 
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Stimulants of O2- Production. PMA was obtained from Consolidated Midland 
Corporation. Zymosan, wheat germ agglutinin (WGA), N-formyl-L-methionyl-L
leucyl-L-phenylalanine (fMet-Leu-Phe), phospholipase C (type I, from Clostridium 
welchii, 8.1 U/mg), and superoxide dismutase (SOD, type I, 3000 U/mg protein) 
were purchased from Sigma. A23187 was obtained from Calbiochem-Behring Corp. 
NaF was from E. Merck and Na nitroprusside, from J. T. Baker. Zymosan was 
opsonized with fresh guinea pig serum. Concentrated solutions of stimulants were 
prepared and stored as previously reported (Pick and Keisari, 1981). Stimulants 
were added to the cytochrome c solution in a volume not exceeding 10 j.LlIml. All 
elicitors of an oxidative burst were employed at a concentration found to induce 
maximal Oi production in freshly explanted oil-elicited peritoneal MPs. 

3. RESULTS 

3.1. Effect of Con A LK on Stimulated O2- Production-Influence of 
LK Concentration 

The majority of earlier reports on LK modulation of the oxidative metabolism 
of MPs demonstrate that prolonged incubation (3 days) of MPs with LK is required 
for the enhancing effect to become evident. As preliminary experiments performed 
with guinea pig MPs suggested the same pattern of response, we investigated the 
effect of pretreating MPs for 3 days with various dilutions of Con A LK and control 
LK on their ability to produce O2 in response to a battery of nine stimulants. These 
experiments were performed under strictly standardized conditions and the avail
ability of the automatic microassay permitted the assay of each LK dilu
tion-stimulant combination on eight replicate wells in each experiment. The fact 
that results were expressed as nmoles O2 per mg MP protein provided a correction 
for loss of cells during the 3-day culture period. 

Data from 7 to 15 experiments performed with each stimulant are summarized 
in Table I. It is apparent that oil-elicited guinea pig MPs maintained in culture for 
3 days exhibited vigorous 0i production in response to all nine stimulants, shown 
in the past to be capable of activating freshly explanted cells (Pick and Keisari, 
1981). Their order of potency was similar to that found with fresh cells; PMA and 
opsonized zymosan were the most active, Na nitroprusside was the least effective. 
Incubation of MPs in Con A LK affected Oi production in two distinct and opposite 
directions, depending on the nature of the stimulant. Thus, Oi production in 
response to PMA, opsonized zymosan, Con A, the Ca2 + ionophore A23187, and 
NaF was partially inhibited by Con A LK. This effect was more pronounced at 
higher concentrations of LK (114 and 118 dilutions) but with some stimulants, it 
was evident even at a 1116 dilution (PMA, opsonized zymosan, and Con A). Oi 
production in response to WGA, fMet-Leu-Phe, phospholipase C, and Na nitro
prusside was enhanced by pretreatment of the MPs with Con A LK. The enhancing 
effect was present at all concentrations of Con A LK, down to the highest dilution 
tested (1116). The most pronounced enhancing effect of a 1116 dilution of Con A 
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LK was on the response to Na nitroprusside (about 3.5-fold increase in O2 pro
duction). The response to fMet-Leu-Phe was enhanced 2-fold and that to WGA, 
1.6-fold. The least pronounced enhancing effect was on the phospholipase C-elicited 
O2 production (1.2-fold increase). 

The effect of control LK was clearly distinguishable from that of Con A LK. 
Control LK did not significantly inhibit O2 production in response to PMA, Con 
A, A23187, and NaF at any of the concentrations tested. O2 production elicited 
by these agents was inhibited by Con A LK. A certain degree of inhibition was 
seen with zymosan-stimulated cells but this was clearly less pronounced than that 
caused by the same dilution of Con A LK. Interestingly, the Con A-elicited O2 
production was enhanced by pretreatment of MPs with control LK at concentrations 
at which Con A LK was inhibitory. On the other hand, control LK, at higher 
concentrations (114 and 118 dilutions), had a certain enhancing effect on O2 pro
duction elicited by stimulants the response to which was enhanced by Con A LK 
(WGA, fMet-Leu-Phe, phospholipase C, and Na nitroprusside) but this effect was 
almost absent at a dilution of 1116, at which Con A LK was clearly enhancing. In 
conclusion, the specificity of enhancement by LK of the oxidative metabolism of 
MPs was most evident when control and LK-containing supernatants were compared 
at high dilutions. Again, the most pronounced difference between Con A LK- and 
control LK-treated MPs was found with Na nitroprusside-stimulated cells; at a 
dilution of 1116, Con A LK-treated MPs produced almost 4 times more O2 than 
control LK-treated MPs. 

3.2. Kinetics of Modulation of O2- Production by LK 

Treatment of MPs with either Con A LK or control LK had no effect on the 
basal (unstimulated) level of O2 production at any time during a 3-day culture 
period (Table II). 

O2 production in response to stimulants by MPs cultured in DMEM varied 
with time in culture (Table III). This variation was not uniform and depended on 
the nature of the stimulant. The responsiveness to all stimulants increased during 

TABLE II. Effect of Lymphokine on Basal O2 Production 
by Cultured Macrophagesa 

Macrophages Days in culture 
preincubated 

with: 0 2 3 

Medium 17.5 ± 5 55 ± 23 35 ± 24 50 ± 15 
Control LK 26 ± 15 66 ± 33 40 ± 14 
Con A LK 36 ± 12 47 ± 24 51 ± 20 

a Macrophages were preincubated with medium or a 1116 dilution of control LK 
or Con A LK for I. 2. or 3 days (with daily replacement with fresh material) 
and basal 0, production measured during inCUbation for 90 min in the absence 
of stimulants. Valves are expressed as nmoles O;/mg macrophage protein per 
90 min. 



T
A

B
LE

 I
II.

 
M

od
ul

at
or

y 
E

ffe
ct

 o
f 

Ly
m

ph
ok

in
e 

on
 S

tim
ul

at
ed

 O
2 

P
ro

du
ct

io
n 

by
 C

ul
tu

re
d 

M
a

cr
o

p
h

a
g

e
s-

K
in

e
ti

cs
 o

f 
M

od
ul

at
io

n"
 

~
 

3:
 

Pr
od

uc
ed

 b
y 

"'
0 ::I
: 

ce
lls

 
D

ay
s 

in
 c

ul
tu

re
 

0 
pr

ei
nc

ub
at

ed
 

" Z 
St

im
ul

an
t 

C
on

ce
nt

ra
ti

on
 

w
ith

: 
0 

2 
3 

m
 

» 
PM

A
 

2
0

n
M

 
M

ed
iu

m
 

32
5 

±
 

64
 

45
1 

±
 

46
 

57
0 

±
 

12
7 

47
4 

±
 

16
7 

("
) 

-
I 

C
on

tr
ol

 L
K

 
4

4
3

±
 

15
 

43
3 

±
 

62
 

49
8 

±
 

98
 

5 
C

on
 A

 L
K

 
42

0 
±

 
18

 
36

0 
±

 
35

 
41

9 
±

 
94

 
Z

 

O
ps

on
iz

ed
 

0.
5 

m
g/

m
l 

M
ed

iu
m

 
31

5 
±

 
10

1 
40

3 
±

 
12

5 
49

6 
±

 
14

1 
50

0 
±

 
20

6 
0 z 

zy
m

os
an

 
C

on
tr

ol
 L

K
 

42
1 

±
 

84
 

42
9 

±
 

10
3 

41
6 

±
 

12
9 

3:
 

C
on

 A
 L

K
 

45
2 

±
 

69
 

43
1 

±
 

88
 

41
3 

±
 

13
2 

» 
C

on
 A

 
50

 f
.L

g/
m

l 
M

ed
iu

m
 

13
2 

±
 

52
 

30
8 

±
 

68
 

42
6 

±
 

65
 

26
5 

±
 

84
 

("
) 

:I
I 

C
on

tr
ol

 L
K

 
31

1 
±

 
22

 
35

9 
±

 
83

 
41

1 
±

 
59

 
0 

C
on

 A
 L

K
 

29
7 

±
 

18
 

29
5 

±
 

26
 

37
3 

±
 

92
 

"'
0 ::I
: 

W
G

A
 

50
 f

.L
g/

m
l 

M
ed

iu
m

 
18

1 
±

 
22

 
39

2 
±

 
71

 
31

2 
±

 
24

 
13

0 
±

 
51

 
» 

C
on

tr
ol

 L
K

 
38

8 
±

 
32

 
29

4 
±

 
49

 
18

0 
±

 
33

 
G

) m
 

C
on

 A
 L

K
 

43
4 

±
 

12
 

34
7 

±
 

38
 

30
0 

±
 

76
 

en
 

A
23

18
7 

10
 f

.L
M

 
M

ed
iu

m
 

85
 

±
 

10
 

18
8 

±
 

61
 

19
4 

±
 

12
0 

12
5 

±
 

68
 

C
on

tr
ol

 L
K

 
18

6 
±

 
57

 
22

4 
±

 
14

1 
17

5 
±

 
89

 
C

on
 A

 L
K

 
19

7 
±

 
66

 
22

5 
±

 
13

2 
16

5 
±

 
45

 
tM

E
T

-L
eu

-P
he

 
If

.L
M

 
M

ed
iu

m
 

7
7

±
 

16
 

31
6 

±
 

89
 

21
4 

±
 

22
 

14
9 

±
 

58
 

C
on

tr
ol

 L
K

 
30

9 
±

 
88

 
22

7 
±

 
29

 
21

1 
±

 
68

 
C

on
 A

 L
K

 
32

7 
±

 
76

 
23

4 
±

 
26

 
35

6 
±

 
82

 
N

aF
 

IO
m

M
 

M
ed

iu
m

 
18

4 
±

 
23

 
34

2 
±

 
8 

25
9 

±
 

51
 

29
0 

±
 

11
3 

C
on

tr
ol

 L
K

 
35

3 
±

 
16

 
24

7 
±

 
32

 
29

3 
±

 
45

 
C

on
 A

 L
K

 
32

3 
±

 
5 

23
5 

±
 

34
 

29
8 

±
 

58
 

Ph
os

ph
ol

ip
as

e 
C

 
0.

08
 V

lm
l 

M
ed

iu
m

 
96

 ±
 

II
 

27
4 

±
 

47
 

22
4 

±
 

43
 

15
8 

±
 

46
 

C
on

tr
ol

 L
K

 
26

0 
±

 
29

 
20

6 
±

 
15

 
19

0 
±

 
21

 
C

on
 A

 L
K

 
26

2 
±

 
32

 
24

8 
±

 
39

 
25

8 
±

 
37

 
N

a 
ni

tr
op

ru
ss

id
e 

Im
M

 
M

ed
iu

m
 

82
 ±

 
9 

1
1

1
±

 
27

 
11

6 
±

 
42

 
87

 
±

 
17

 
C

on
tr

ol
 L

K
 

99
 

±
 

14
 

11
6 

±
 

23
 

10
2 

±
 

38
 

C
on

 A
 L

K
 

10
9 

±
 

21
 

19
4 

±
 

31
 

28
6 

±
 

74
 

Q
 
M

ac
ro

ph
ag

es
 w

er
e 

in
cu

ba
te

d 
w

ith
 m

ed
iu

m
 o

r 
a 

11
16

 d
ilu

tio
n 

o
f 

co
nt

ro
l 

L
K

 o
r 

C
on

 A
 L

K
 f

or
 I

. 
2.

 o
r 

3 
da

ys
 (

w
ith

 d
ai

ly
 r

ep
la

ce
m

en
t 

w
ith

 f
re

sh
 m

at
er

ia
l)

 a
nd

 e
xp

os
ed

 t
o 

st
im

ul
an

ts
 f

or
 9

0 
m

in
. 

V
al

ue
s 

ar
e 

ex
pr

es
se

d 
as

 n
m

ol
es

 O
i/

m
g 

m
ac

ro
ph

ag
e 

pr
ot

ei
n 

pe
r 

90
 m

in
. 

D
at

a 
re

pr
es

en
t 

m
ea

ns
 o

f 
th

re
e 

to
 s

ix
 e

xp
er

im
en

ts
:!

: 
S

.E
.M

. 
In

 e
ac

h 
ex

pe
ri

m
en

t. 
ei

gh
t 

re
pl

ic
at

e 
w

el
ls

 w
er

e 
~
 

us
ed

 f
or

 e
ac

h 
ly

m
ph

ok
in

e-
st

im
ul

an
t 

co
m

bi
na

ti
on

. 
B

as
al

 (
un

st
im

ul
at

ed
) 
0

, 
pr

od
uc

tio
n 

va
lu

es
 w

er
e 

de
du

ct
ed

 f
ro

m
 t

he
 s

ti
m

ul
at

ed
 0

, 
pr

od
uc

ti
on

 v
al

ue
s.

 
.... 



342 MAYA FREUND and EDGAR PICK 

the first day in culture. Maximal O2 production was evident on day 1 for WGA, 
fMet-Leu-Phe, NaF, and phospholipase C; on days 1 and 2 for A23187 and Na 
nitroprusside; on day 2 for PMA and Con A; and on days 2 and 3 for zymosan. 

We next examined the kinetics of the LK-induced modulation of the oxidative 
metabolism of MPs by incubating MPs with Con A LK and control LK diluted II 
16 for 1 to 3 days and assaying stimulated O2 elicited by nine agents at daily 
intervals. 

As apparent in Table III, the LK-induced enhancement of O2 production 
elicited by WGA, fMet-Leu-Phe, phospholipase C, and Na nitroprusside was most 
pronounced after 3 days of culture. For three out of the four stimulants, only a 
marginal enhancing effect was found after 1 and 2 days of culture; however, the 
response to Na nitroprusside was almost doubled after 2 days of culture with Con 
A LK. We found that a promoting action of LK on O2 production was most 
common with stimulants, the response to which peaked after I day of culture in 
medium and decreased in the course of the following 2 days. The moderate en
hancing effect on O2- production to the above-mentioned four stimulants exhibited 
by control LK diluted 1116 was only apparent after 3 days of culture. 

The LK-mediated inhibition of O2 production, described in the previous sec
tion, was little pronounced with material diluted 1116 and was limited to the PMA,
zymosan-, and Con A-elicited response. Maximal inhibition was seen after 2 days 
(PMA- and Con A-elicited response) or 2 and 3 days (zymosan-elicited response) 
of incubation in Con A LK and coincided with the time when the response of the 
cells incubated in culture medium, to the respective stimulant, was at its peak. A 
certain degree of inhibition of O2 production elicited by PMA, zymosan, and Con 
A was also caused by control LK diluted 1116, and this exhibited similar kinetics. 
In the case of two stimulants, A23187 and NaF, for which an inhibitory effect 
could be demonstrated with MPs incubated for 72 hr with Con A LK diluted 114 
and 118 (see Table I), no inhibitory effect was detected with a 1116 dilution of LK 
at any time during culture. 

4. DISCUSSION 

The results presented in this paper allow us to derive the following conclusions: 
1. Mitogen-stimulated guinea pig lymphocyte culture supernatants known to 

contain MP activating and MP migration inhibitory activities have no effect on 
basal (unstimulated) O2 production by inflammatory (chemically elicited) peritoneal 
MPs. 

2. Such supernatants are, however, capable of modulating the oxidative burst 
of MPs in response to a variety of stimulants. This modulation is expressed in two 
diametrically opposite directions. O2 generation to one category of stimulants 
(WGA, fMet-Leu-Phe, phospholipase C, and Na nitroprusside) is enhanced 1.2-
to 3.5-fold while the oxidative burst elicited by PMA, opsonized zymosan, A23187, 
and NaF is inhibited to various degrees. 

3. The enhancing effect is detectable down to a 1/16 dilution of LK-containing 
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culture supernatant, which was the highest dilution tested. The inhibitory effect is 
mostly present at higher concentrations of LK. 

4. Maximal enhancement of stimulated O2 production is found after 3 days 
of exposure to the LK. 

5. Both enhancement and inhibition of O2 production are independent of the 
effect of LK on cell survival as evident in the absolute change (increase or decrease) 
in O2 production per cell protein. On the other hand, an enhancing effect of LK 
appears to be associated with stimulants the response to which decays progressively 
during culture. 

Our finding that LK treatment by itself does not stimulate O2 production by 
MPs is in agreement with most earlier work, although direct stimulation of NBT 
reduction in LK-treated MPs was occasionally reported (Krueger et al .• 1976; 
AlfOldy and Lemmel, 1979). Recent results from our laboratory, however, suggest 
that the lack of effect of LK on basal O2 generation cannot be automatically 
extended to H20 2 production. Thus, we found that LK treatment of guinea pig 
peritoneal MPs for 48-72 hr induces peroxide production without the need for 
further stimulation and in the absence of concomitant O2 formation (Pick and 
Freund, 1984). The mechanism of this unexpected result is under investigation. 

Our results confirm in the guinea pig similar reports of enhanced stimulated 
O2- and/or H20 2 release by LK-treated mouse and human MPs and are in good 
agreement with numerous reports of an enhanced oxidative metabolism of MPs 
activated in vivo. presumably by an LK-mediated mechanism. However, while 
PMA and opsonized zymosan were the two triggers most commonly employed to 
demonstrate the enhancement of oxidative metabolism by LK in mouse and man, 
we, in the guinea pig, found an inhibitory effect of LK and O2 production elicited 
by these stimulants. The reason for this discrepancy remains to be determined. The 
inhibition of oxygen radical production by LK-containing material has, to the best 
of our knowledge, not been described before. Boraschi et al. (1982) recently re
ported a dose-dependent inhibitory effect of l3-interferon on the zymosan-stimulated 
O2 production by resident mouse peritoneal MPs. 

Our study differs from earlier investigations of a similar design performed on 
mouse and human MPs by the range of stimulants employed. We demonstrate that 
LK treatment has a different effect on the responsiveness of MPs to various stim
ulants. We are incapable, at present, of offering an explanation for these differences 
but they are in keeping with our other findings indicating that various elicitors of 
an oxidative burst in guinea pig MPs activate distinct intracellular biochemical 
pathways (Bromberg and Pick, 1983). 

One of the main drawbacks of this and similar earlier studies is the use of 
whole, unfractionated culture supernatants containing an unknown number of LKs 
with various and possibly opposite effects on MP functions. It is thus likely that 
the enhancing and inhibitory effects of Con A LK on O2- production result from 
the action of distinct molecular entities. One possibility, suggested by the results 
of Boraschi et al. (1982), is that the inhibitory effect is exerted by interferon probably 
present in the supernatants derived from Con A-stimulated lymphocyte cultures. 
This issue can only be resolved by subjecting the supernatants to fractionation and 
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tionation and testing various components for their effect on O2 production. Frac
tionation studies are also required in order to correlate effects on the oxidative burst 
with accepted criteria of MP activating activity such as the enhancement of bac
tericidal and tumoricidal capacities of MPs. 

Bacterial endotoxin was also shown to exhibit an enhancing effect on O2 
production by MPs in the mouse and man (Pabst and Johnston, 1980; Pabst et al., 
1982). Although no tests were performed for determining the level of endotoxin 
contamination of our culture supernatants, similar amounts of endotoxin would be 
expected to be present in control LK and Con A LK derived from the same culture. 
This makes it very unlikely that LK-induced enhancement of O2 production is due 
to endotoxin. 

An important question raised by our findings is the mechanism of the enhancing 
and inhibitory effects of LK on the oxidative response of MPs to membrane stim
ulation. A technical limitation of our experiments was the fact that only endpoint 
readings of O2 production were performed over a 90-min time period. This type 
of measurement does not permit the detection of differences in the rate of activation 
(lag time) of the O2 producing enzyme and in the maximum rate of O2- production 
by the enzyme. It was recently reported that mouse MPs activated in vivo by the 
injection of Corynebacterium parvum and stimulated by PMA produced O2 at a 
maximum rate 13-fold higher than nonactivated cells, suggesting an increase in 
NADPH oxidase in activated MPs (Bryant et al., 1982). Preliminary data indicating 
a lowering of the Km of NADPH oxidase, assayed on subcellular fractions derived 
from endotoxin-activated mouse MPs, were also reported (Johnston, 1981). 

The enhancing effect of Con A LK on O2 generation found by us could be 
due to: (1) an increase in membrane receptors for stimulants; (2) an increase in 
O2 producing enzyme content or a change in enzyme characteristics; (3) an increase 
in NADPH content or availability; (4) a more efficient transduction mechanism 
from the cell surface to the enzyme; (5) an increased rate of O2 transport to the 
exterior of the cells; and (6) a decreased activity of the O2 degrading enzyme, 
SOD. It is unlikely that we are dealing with an LK-mediated increase in membrane 
receptors because the most marked enhancement was seen with Na nitroprusside, 
a stimulant for which no receptor-mediated mechanism was demonstrated. Also, 
the response to Con A and opsonized zymosan, two stimulants acting via membrane 
receptors, was inhibited rather than enhanced. An increase in NADPH oxidase is 
also unlikely as this would be difficult to accommodate with the dependence of the 
enhancement by LK on the nature of the stimulant. For this same reason, changes 
in O2 transport or cellular levels of SOD are also unsatisfactory explanations for 
the enhancement. MPs treated with LK for 3 days were found to have a more active 
hexose monophosphate shunt (Nathan et al., 1971) which might lead to an elevated 
cellular level of NADPH. Such a mechanism would, however, be expected to 
enhance O2 production in response to all stimulants, which is not the case. 

In light of the evidence suggesting that various stimulants utilize different 
transduction mechanisms for the activation of NADPH oxidase, probably involving 
membrane phospholipids (Bromberg and Pick, 1983), it appears likely that the site 
of LK action is at this level. Studies are under way to investigate this possibility. 
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I. INTRODUCTION 

Macrophage migration inhibitory factor (MIF) was originally defined by its inhib
itory effect on random migration of macrophages (Bloom and Bennett, 1966; David, 
1966). In the years after its discovery a number of other biological activities have 
been associated with MIF activity such as a number of macrophage-activating 
activities (David and Remold, 1976) and interferons (Neta and Salvin, 1982). 

In the past years we have identified and characterized several molecular weight 
species of MIF in the guinea pig (Sorg and Bloom, 1973), man (unpublished data), 
and mouse (Sorg, 1980). The molecular weights of mouse MIF were determined 
to be 56, 42, 28, and 14K. Using these purified materials it was determined that 
MIF was not identical with chemotactic factors for mononuclear as well as poly
morphonuclear cells, with macrophage-activating factors inducing tumor cytotox
icity or tumor cytostasis, with macrophage growth (mitogen) factor, inducers of 
plasminogen activator (PA), interferons, interferon inducers, and T-cell-replacing 
factor (Sorg, 1982). 

In our previous studies concerned with the functional heterogeneity of mac
rophages it was found that only certain types of macrophages are cabable of re
sponding to lymphokines by production of interferons (Neumann and Sorg, 1977, 
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1978) or of PA (Klimetzek and Sorg, 1976, 1977). Furthermore, it was found that 
only certain macrophage phenotypes were able to migrate and to respond to MIFs 
(Neumann and Sorg, 1980). 

With regard to the dissociation of MIFs from a series of other biological 
activities and with regard to the phenotype-associated response of macrophages to 
MIFs we addressed ourselves to the following questions: 

1. What are the characteristics of the MIF response-responding macrophage 
phenotypes? 

2. What are the functional changes induced by MIF on macrophages in addition 
to migration inhibition? 

2. RESULTS 

2.1. Characteristics of the MIF-Responsive Macrophage Phenotype 

Murine bone marrow cells were cultivated in the presence ofL-cell-conditioned 
medium. As described (Neumann and Sorg, 1980), the cells proliferate and dif
ferentiate within several days to mature macrophages. A series of functions was 
recorded daily such as proliferation as determined by eHJ-TdR incorporation, PA 
production (Overwien et al., 1980), expression of intracellular transglutaminase 
(TGase) (Schroff et al., 1981), and responsiveness to MIF. As seen in Fig. 1, the 
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TABLE I. Separation of Bone Marrow-Derived Macrophages (Day 6) by Hypotonic 
Percoll Gradient Centrifugation 

Density (g/ml) 
S phase (%) 

G2/M (%) 

CSF stimulation 
([3Hl-TdR 
uptake, 
cpm x 10-3) 

TGase (%) 

PA release 
after 4 hr (U/ml) 

Random migration 
(arbitrary units) 

MIF response 

4hr 
18 hr 
30 hr 
48 hr 

(reciprocal titer of 30% 
inhibition) 

Unseparated 
cells 

19.3 
7.0 

17.9 
+ 

20 

27 

1.055 
18.5 
7.0 
5.3 

10.1 
11.0 
15.0 
4.5 

18 

0 

Band 

2 3 

1.06 1.065 
17.3 24.2 
8.5 9.1 
8.9 5.5 

13.0 12.0 
17.0 13.0 
18.0 13.0 
55.7 16.7 

+ + 

30 20 

12 25 

four functions are each expressed at different stages of the maturation process. In 
particular, sensitivity to MIF is only expressed between day 5 and 9 of culture. 
The cells were harvested at day 6, i.e., the day of optimal MIF sensitivity, and 
were separated on a hypotonic Percoll gradient (Feige et al., 1982). As seen in 
Table I, three bands of cells at the densities 1.055, 1.06, and 1.065 glml were 
obtained. Cells of all three bands did not differ with regard to their content of S 
or G2/M phases as determined by flow cytofluorometry, and to their response to 
L-cell-conditioned medium [which contains colony-stimulating factor (CSF)] as 
determined by thymidine uptake. However, TGase seems to be expressed most by 
cells in band two. Furthermore, spontaneous production of PA after 4 hr of culture 
was only detectable in cells of band two and three. Random migration was highest 
in band two; however, the response to MIF was most sensitive in cells of band 
three. 

For further characterization, cells of the different bands were serologically 
typed using monoclonal antibodies which had been generated against different 
phenotypes of murine macrophages (Malorny and Sorg, 1982). Cytopreparations 
were stained using the indirect immunoperoxidase technique with 2-aminoethyl
carbazole as chromogenic substrate and Mayer's Hemalaun as counterstain. The 
data were expressed as percent positively stained cells. As shown in Table II, the 
unseparated cells reacted from 18 to 54% with various monoclonal antibodies. In 
general, an accumulation of positive cells seems to take place which is most striking 
for BM 11, where 82 or 73% positive cells accumulated in band two or three, 
respectively. 

Another series of experiments concerned whether a MIF-insensitive phenotype 
may be converted to a MIF-sensitive one. Bone marrow cells at day 16 of culture 
were characterized by their moderate random migration and their total unrespon-
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TABLE II. Antigen Expression on Bone Marrow-Derived Macrophages 
Fractionated by Hypotonic Percoll Gradient Centrifugation 

% positively stained 

Band 1 Band 2 Band 3 

Monoclonal Unseparated Density (g/ml) 
antibody cells 1.055 1.06 1.065 

BM 1 34 30 45 41 
BM6 37 24 69 53 
BM 11 40 35 82 73 
NP 2 20 22 11 44 
NP 6 18 11 29 25 
NP 7 54 36 36 50 

siveness to MIF (Fig. 2). Furthermore, at this stage of the cultures, proliferating 
cells are no longer present. By the addition of L-cell-conditioned medium (CSF), 
the cells are pushed again into the cell cycle and within 2 days a vigorous prolif
erative response of the cells takes place. After the proliferative response was sub
siding, the random migration improved and the response to MIF was fully restored. 

Serological typing of the cells in the course of culture revealed that CSF had 
a modulatory influence on a number of phenotype-associated surface markers, 
particularly on BM 11 which was down-regulated upon the addition of CSF and 
increased dramatically with the return of MIF sensitivity. Thus, it appears that the 
BM 11 antigen is closely associated with the MIF-sensitive state. Whether this 
antigen is related to the MIF receptor remains subject to future investigations. 

2.2. Modulation of Macrophage Phenotypes by MIFs 

In order to investigate the short-and long-term effects of MIFs on macrophage 
functions and phenotypic differentiation, bone marrow-derived macrophages on day 
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FIGURE 3. Effects of MIFs on 8M macrophages (day 6). 

6 of culture were incubated with MIF (A-D). PA production, TGase expression, 
and proliferation were monitored as it had been shown earlier that these functions 
could be attributed to certain stages of the cell cycle (Sorg and Neumann, 1981). 
As shown in Fig. 3, PA production was enhanced during the first 4 hr of culture 
and subsequently suppressed for the next 24-48 hr TGase expression was imme
diately suppressed and remained at a very low level for the remaining period. In 
order to determine the effect of MIFs on proliferation, bone marrow cells were 
cultured in the presence of CSF. As also seen in Fig. 3, during the first 4 hr no 
suppressive effect was seen. However, after 24 hr the number of S phases was 
drastically reduced but was back to normal after 48 hr of culture. 

In order to obtain more information on the nature of the MIF signal, it was 
compared to a number of well-defined natural or synthetic signals, whose effect on 
macrophages has been well studied (Neumann and Sorg, 1981, 1983). As seen in 
Table III, known mitogens such as Con A, PMA, and Pronase are also inducers 
of PA, yet they suppress TGase expression and do not induce interferon. Interferon 
is only induced by the known inducers LPS and poly I : C which in tum do not 
affect proliferation, PA production, or TGase expression. The effect of dexameth
asone on proliferation and PA production has been described before (Neumann and 
Sorg, 1983). On the other hand, interferon is not induced and TGase expression is 
not modulated by dexamethasone. Retinoic acid, on the other hand, is suppressive 
of proliferation, PA production, and TGase expression and does not induce inter
feron. It thus comes closest in its effects to MIF. Retinoic acid, on the other hand, 
does not inhibit macrophage migration, thus suggesting a similar effect on internal 
cell regulation, yet different mechanisms of membrane interactions. 
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TABLE III. Effects of Various Signals on Bone Marrow-Derived Murine 
Macrophages (Day 7)8 

Retinoic 
Con A PMA Pronase acid Dexamethasone LPS Poly I:C 

Proliferation + + + 0 0 
PA + + + 0 0 
Interferon 0 0 0 0 0 + + 
TGase 0 0 0 

• +, increase; -, decrease; 0, no effect. 

As MIF had been associated with interferon activity for a number of reasons 
(Neta and Salvin, 1982) and as MIF also showed an antiproliferative effect on 
macrophages, we undertook a comparative study using purified MIFs and highly 
purified interferon (a,~) kindly provided by Dr. E. De Maeyer, Paris. As seen in 
Table IV, interferon and MIF share an antiproliferative effect on macrophages. 
However, MIF is not inducing interferon and purified interferon is not inhibiting 
macrophage migration. Furthermore, only MIF is suppressing PA production and 
TGase expression. In order to further define the phenotypic changes induced by 
MIFs, bone marrow-derived macrophages were typed with a panel of monoclonal 
antibodies before and after incubation with MIFs. As can be seen from Table V, 
the antigens MH 7, 9, and 14 are not modulated under MIF influence. However, 
antigens MH 1 and 8 are down-regulated, whereas MH 11 (later renamed BM 11) 
was enhanced. 

3. CONCLUSIONS 

Our data further substantiate our hypothesis put forward earlier on macrophage 
heterogeneity and their interaction with lymphokines (Sorg and Neumann, 1981). 
Accordingly, the events in a bone marrow liquid culture system may be described 
as follows. Macrophages differentiate from precursors in the presence ofCSF. After 
a phase of intensive proliferation of precursors and differentiation into macrophages, 
the young macrophages driven by an excess of CSF keep on cycling, thus accu
mulating in "late" GI which is a phase characterized by PA production, inducibility 

TABLE IV. Effects of Purified IFN and MIFs 
on MacrophagesB 

Proliferation 
PA 
TGase 
Migration inhibition 
Interferon activity 

• -, decrease; 0, no change. 

IFN MIF 

o 
o 

neg. 
neg . 
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TABLE V. Modulation by MIF of Phenotype-Associated Surface Antigens on Bone 
Marrow-Derived Macrophages as Detected with Monoclonal Antibodies 

% positively stained 

Monoclonal MIF 
antibody Control A B C D 

MHI 34 26 26 8 6 
MH5 0 0 0 0 0 
MH6 22 30 28 21 15 
MH7 100 100 100 100 100 
MH8 75 41 37 49 25 
MH9 100 100 100 100 100 
MHII 42 57 57 50 64 
MH 14 100 100 100 100 100 

of interferon, and the responsiveness to MIF and certain chemotactic factors. When 
CSF is consumed, proliferation is fading away, the cells differentiate gradually in 
G 1, losing a series of constitutive functions and pass on to a GO-like state which 
is characterized by production of fibrinolysis inhibitors (Klimetzek and Sorg, 1979). 
This process is reversible insofar as the addition of CSF to mature resting macro
phages induces proliferation and reexpression of functions associated with "late" 
G 1. Similar events may take place in peritoneal exudate cells, i.e., peripheral blood 
monocytes migrate into the peritoneal cavity, differentiate to macrophages, and, 
depending on the time and the stimulus, will finally arrive at different phases of 
cell cycle, e.g., in "late" G 1 (thioglycollate-induced macrophages) or "early" G I 
(proteose peptone-elicited macrophages). Due to the lack of mitogenic signals, 
peritoneal exudate cells no longer proliferate. 

Based on the experimental evidence, we are able to map tentatively the various 
phenotype-associated functions within the cell cycle. PA expression is a constitutive 
function of "late" G 1. Hence, mitogenic signals (Con A, PMA, Pronase, CSF) 
always induce PA secretion. Agents that suppress proliferation also reduce PA 
secretion. As found in the bone marrow-derived macrophages this process is re
versible. TGase expression, on the other hand, is not associated with proliferation 
as it is decreasing upon a mitogenic signal. This enzyme therefore is expressed 
during early to mid-G 1. As resident peritoneal cells and proteose peptone-induced 
macrophages are negative or low in TGase expression and mineral oil- or thio
glycollate-induced and noncycling bone marrow-derived macrophages express high
est amounts of TGase, it is concluded that TGase is expressed in Gland decreases 
when proceeding from Gl to S. Empirically, mineral oil-induced macrophages are 
responding best to MIF. Thioglycollate-induced macrophages also migrate and 
respond to MIF, whereas resident and proteose peptone-induced macrophages are 
not or only poorly migrating and do not respond to MIF. The MIF-sensitive bone 
marrow-derived macrophage is characterized by its position postmitosis, its low 
content of TGase, and its secretion of moderate amounts of PA, suggesting its 
position in mid-G 1. 
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Interaction of macrophages with MIF not only suppresses proliferation but also 
seems to shift macrophages from postmitosis or late to mid-G 1. This conclusion is 
also corroborated by our data using monoclonal antibodies against phenotype-as
sociated surface markers. 

In summary, our data suggest that MIF is a differentiation signal, turning 
"young" macrophages into more mature macrophages. Whether MIF can act on 
macrophages in GO or early Gland cause a shift to mid-G 1, i.e., to "younger" 
macrophages, remains to be determined. In earlier experiments by Geczy et al. 
(l97~), it was shown that local or systemic administration of a specific antibody 
against MIF could prevent the elicitation of a delayed-type hypersensitive skin 
response in a sensitized guinea pig. The question now is, why is the MIF-induced 
macrophage phenotype so central to the development of a cellular immune reaction? 

4. SUMMARY 

Macrophages are heterogeneous with respect to a number of constitutive and 
inducible functions. In order to study the underlying biological principle, a bone 
marrow liquid culture system was adopted in which bone marrow cells proliferate 
and differentiate into macrophages. It was found that maturing macrophages express 
various constitutive or inducible functions in an ordered sequence. The kinetics of 
their appearance and disappearance are dependent on the proliferative activity of 
macrophages. Macrophages in late Gl of the cell cycle express constitutive functions 
like PA production and are inducible by bacterial LPS, poly I : C, and lymphokines 
to release interferons. The response to lymphokines like MIF and chemotactic factors 
is also transiently expressed during maturation. Using purified MIF, its influence 
on proliferation, differentiation, and activation of macrophages was investigated. 
The changes induced were monitored following the expression of marker enzymes 
and of phenotype-associated cell surface antigens using monoclonal antibodies. The 
results showed that functional changes induced by MIF on macrophages are limited 
and are not related to certain macrophage-activating activities (MAF). As determined 
by flow cytofluorometry, TGase expression and proliferation are consistently down
regulated by MIFs. This together with the shift and the expression of surface antigens 
indicates that MIFs provide a differentiation signal for a "young" macrophage to 
become more mature. 
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Study of the mechanisms of natural immunity at the target cell level possessing the 
potential to prevent and intervene to modulate the development of carcinogenesis 
has identified lymphotoxin to be a major component (Evans et al., 1983). Lym
photoxin anticancer activities include: (1) cancer prevention measured by irrevers
ible inhibition of chemical carcinogen or radiation transformation of syngeneic 
Syrian hamster cells in vitro (Evans and DiPaolo, 1981) or in a combined in vivo-in 
vitro transplacental carcinogenesis assay (Ransom et al., 1982b, 1983a); (2) cy
tostasis assessed by reversible growth inhibition of allogeneic or syngeneic tumor 
cells (Evans and Heinbaugh, 1981; Evans et al., 1983); (3) cytolysis indicated by 
radionuclide release from allogeneic or syngeneic tumor cells (Evans and Hein
baugh, 1981); and (4) cytoreductive stimulating activity demonstrated by enhanced 
sensitivity of lymphotoxin-treated tumor cells to natural killer cell cytolysis (Ransom 
and Evans, 1982, 1983). 

The lymphotoxin employed in defining these anticancer actions has been ob
tained from the serum-free RPMI 1640 culture medium of 24-hr antigen or phy
tohemagglutinin-stimulated normal freshly isolated splenic, peritoneal, or peripheral 
blood guinea pig, human, and Syrian hamster lymphocytes. The lymphokine prep
arations were concentrated by diafiltration over an Amicon YM-lO membrane and 
equilibrated against 0.01 M sodium phosphate-buffered saline, pH 7.4, containing 
0.1% 4000-dalton polyethylene glycol (Ransom et al., 1982a). Diafiltered lym
photoxin preparations were further fractionated by column isoelectric focusing (Ran
som et al., 1982a) and HPLC size-exclusion chromatography (Fuhrer and Evans, 
1983). Lymphotoxin activity prior to and during fractionation procedures was fol
lowed for comparative purposes by the ability of preparations/fractions to lyse the 
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exquisitely sensitive IX L929 murine tumor cell (Evans and Heinbaugh, 1981). One 
unit was defined as that quantity of lymphotoxin causing release of 50% of the 
[3H]-TdR from lQ4 IX L929 cells in a I-ml culture volume after 72 hr culture of 
IX L929 cells with lymphotoxin (Evans and Heinbaugh, 1981). 

Lymphotoxin exhibits biological and biochemical heterogeneity resulting from 
differential target cell responses to the actions of lymphotoxin (Fig. 1), the presence 
of severallymphotoxin biochemical forms possessing inequality of anticancer action 
(Ransom and Evans, 1983), and the heterogeneity among individuals and their 
lymphocytes producing lymphotoxin. 

The anticancer actions of Syrian hamster lymphotoxin reside within glycopro
tein(s) possessing pI of 4.6-5.2, average molecular weights of 45,000, and which 
are free of detectable interferon (Evans, 1982), MMIF, and T-lymphocyte mitogenic 
activity (Ransom and Evans, 1983). Syrian hamster lymphotoxin is noncytotoxic 
for normal cells in vivo (Ransom et al., 1983a) and in vitro (Evans and DiPaolo, 
1981) with 8000 U injected intravenously in a hamster inhibiting carcinogenesis > 
97% in vivo (Ransom et at., 1983a). The anticarcinogenic action of lymphotoxin 
is specifically directed to the target cell, with 6 U/ml culture medium preventing 
50% of the morphological transformation in either 'Y-, X-, or UV-irradiated or 
chemical carcinogen-treated cells in vitro (Evans et at., 1983). 
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FIGURE 1. Susceptibility of tumor-producing (e-e) and nontumorigenic (e---e) guinea pig 
cell lines (Evans and DiPaolo, 1975) to the growth inhibitory activity of guinea pig Iymphotoxin. 
Aliquots of Iymphotoxin were incubated with 100 target cells in 4 ml RPMI1640 medium-10% 
FBS/60-mm dish and after 7 days the number of colonies formed in the presence of Iymphotoxin 
was compared to the number in medium alone expressed as a percentage. 
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FIGURE 2. 51Cr-labeled K562 human erythroleukemia cells were treated with 40 U Iymphotoxin 
(e--e) or 500 U a-interieron/ml (0---0) for 0, 0.5, 2, 4, 24, 48, or 72 hr, mixed with natural 
killer lymphocytes at a ratio of 25 : 1 natural killer lymphocytes: K562 cell, and natural killer cell 
cytolysis assessed by the degree of specific radionuclide release 4 hr later (Ransom and Evans, 
1982). 

Inhibition of the growth of transfonned and fully tumorigenic cells requires 
20-fold more lymphotoxin than is necessary to prevent carcinogenesis (Evans et 
af., 1983). Lymphotoxin inhibition of tumor growth, moreover, is reversible except 
at very high lymphotoxin concentrations where cytolytic lymphotoxin activity is 
observed (Evans and Heinbaugh, 1981; Evans et af., 1983). 

Exposure of tumorigenic cells to lymphotoxin followed by interaction with 
natural killer cells can result in lymphotoxin-induced lysis resulting from lympho
toxin sensitization of target cells to natural killer cell lysis (Ransom and Evans, 
1982, 1983). Sensitization occurs within 30 min precedes interferon-induced target 
cell resistance to natural killer cell lysis, and like lymphotoxin induction of resistance 
to carcinogenesis (DiPaolo et af., 1984) is transient (Fig. 2). Lymphotoxin induction 
of an anticarcinogenic state is accompanied by increased synthesis of cell membrane 
glycoproteins (Fuhrer and Evans, 1983), whereas lymphotoxin inhibition of tumor 
cell growth is accompanied by a transient decrease in the synthesis of high-molec
ular-weight membrane glycoproteins (Fuhrer and Evans, 1983) and a transient 
increase in membrane microviscosity (Fig. 3). 

Isoelectric focusing of Syrian hamster or human lymphotoxin reveals that there 
are two classes of lymphotoxin separable according to molecular charge. Syrian 
hamster anticarcinogenic and tumor growth inhibitory activities each have two pIs, 
one near 4.6 and the second near 5.0 with the lymphotoxin cytolytic ativity residing 
within the second, pI 5.0, lymphotoxin class (Ransom and Evans, 1983). Human 
peripheral blood lymphocyte lymphotoxin activities can be similarly separated with 
the acidic class I lymphotoxin having a pI of about 5 and the more basic class II 
lymphotoxin possessing a pI of 7.1 and also containing the cytolytic activity. 
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FIGURE 3. K562 cells were treated for 2, 4, 6, or 24 hr with 20 U Iymphotoxin/ml ( ...... ), 50 
(e---e) or 200 (0---0) U a-interferon/ml, or a combination of 20 U Iymphotoxin and 40 U a
interferonlml (0---0), or 45 U Iymphotoxin and 100 U a-interferonlml (Ll---Ll). The cells were 
then labeled with 3 IJ.M 1 ,6-diphenyl-1 ,3,5-hexatriene for 15 min at 37°C. The emission anisotropy 
of the 1 ,3,5-hexatriene-labeled cells was measured in a microflow cytometer using UV excitation 
with the 351- to 363-nm argon laser lines and a combination of LP400-nm and polarizing emission 
filters. Values for emission anisotropy were calculated by the LSI/11 computer within the FACS 
IV flow cytometer. Emission anisotropy is expressed as the change in emission anisotropy of 
the treated compared to the nontreated cells. An increase in emission anisotropy is indicative 
of· increased membrane microviscosity or decreased membrane fluidity. 

Four observations suggest that the cytolytic activity present in the class II 
lymphotoxin may be yet another form of lymphotoxin. The first is that the ratio of 
the cytolytic/cytostatic activities within different lymphotoxin preparations is in
constant (Table I). The second is that the cytolytic and cytostatic activities are 
differentially susceptible to protease and neuraminidase attack. For example, in 
lymphotoxin preparation HuLT-ll (Table I), cytolytic activity is reduced 96 and 

TABLE I. Relative Amounts of Cytolytic and Cytostatic 
Lymphotoxin Activities in Human Lymphotoxin 

Preparations from Different Individuals 

a L929 K562 
cytolytic cytostatic 

Preparation (VIm!) (VIm!) Ratio 

HuLT-8C 10,000 8 1250 
HuLT-lIC 971 42 23 
HuLT-12C 5,000 4 1250 
HuLT-l3C 1,500 93 16 
HuLT-17C 5,415 20 271 
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FIGURE 4. CytolytiC activity of guinea pig (l:», Syrian hamster (0), human peripheral blood
derived (0), and homogeneous RPM I 1788 cell line-produced human Iymphotoxin (e) for murine 
ex L929 cells (Evans and Heinbaugh, 1981) were adjusted to yield approximately 50% lysis at 
a dilution of 1Q-4 and their ability to release 3H from [3H]-TdR ex L929 cells compared in a 72-
hr assay (Evans and Heinbaugh, 1981). The RPM I 1788 Iymphoblastoid Iymphotoxin was the 
generous gift of Dr. Bharat Aggarwal, Genentech Inc., South San Francisco, California. 

FIGURE 5. Cytolytic activity of human 
peripheral blood (0) and homogeneous 
RPMI 1788 cell line-produced human 
Iymphotoxin (e) for human K562 eryth
roleukemia, OST osteosarcoma, and 
RPMI 2650 nasopharyngeal carcinoma 
cells. Assays were performed as in Fig. 
4. 
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FIGURE 6. Cytostatic (tumor growth in
hibitory) activity of human peripheral blood 
(0) and homogeneous RPM I 1788 cell 
line-produced human Iymphotoxin (e) for 
human K562 erythroleukemia, OST os
teosarcoma, and RPM I 2650 nasophar
yngeal carcinoma cells. Assays were per
formed as in Fig. 1. The values for the 
differences in the activities of the Iym
photoxins are the ratio of the quantity of 
human peripheral blood to homogeneous 
RPMI 1788 cell line Iymphotoxin produc
ing a 50% effect as calculated by linear 
regression analysis. 

FIGURE 7. Lymphotoxin amplification 
of tumor cell sensitivity to natural killer 
cell destruction. 51Cr-labeled human 
K562 erythroleukemia, OST osteosar
coma, or RPMI 2650 nasopharyngeal 
carcinoma cells were treated with hu
man peripheral blood (0 ) or homoge
neous RPMI 1788 cell line-produced 
human Iymphotoxin (e) for 30 min and 
the radionuclide release measured 4 hr 
after addition of natural killer cells at the 
ratios shown (Ransom and Evans, 
1982). The values for the differences in 
the activities of the Iymphotoxins are the 
ratio of the quantity of human peripheral 
blood to homogeneous RPM117881ym
phoblastoid Iymphotoxin producing a 
50% effect as calculated by linear 
regression analysis. 
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49% after incubation for 1 hr at 37°C with 32 U trypsin and 0.2 U neuraminidase, 
respectively; however, cytostatic activity was reduced 32% by trypsin and not at 
all by neuraminidase. Third, generation of Syrian hamster lymphotoxin in the 
presence of tunicamycin, an inhibitor of protein O-linked glycosylation, results in 
a shift in the pI of the cytolytic activity to approximately 5.8 without alteration of 
the other lymphotoxin anti carcinogenic and tumor cell growth inhibitory activities 
with pIs of 4.6 and 5.0. The fourth observation indicating that lymphotoxin cytolytic 
activity is a third lymphotoxin form or class is the activity of the purified human 
lymphotoxin (Aggarwal et ai., 1982) obtained from the RPMI 1788lymphoblastoid 
cell line (Figs. 4-7). The 1788lymphoblastoid lymphotoxin has the same cytolytic 
activity for (l L929 cells as does guinea pig peritoneal, Syrian hamster peritoneal, 
and human peripheral blood lymphocyte lymphotoxin (Fig. 4). The 1788 lympho
blastoid lymphotoxin, however, possesses little cytolytic (Fig. 5), cytostatic (Fig. 

Large granular INK) 
lymphocytes or other 
cytoreductive effector 
leukocytes 

Targe! cell 

• 
Net effect on carcinogenesis? 

1. null 
2. prevention 
3. enhancement 
4. suppression 
5. inhibition 
6. reversal 

FIGURE 8. Pathways of potentiallymphotoxin and interferon stimulating and inhibitory actions 
in natural lymphoid cell-mediated prevention, control, and eradication of carcinogenesis (Evans, 
1983). Lymphotoxin and interferon can originate intrinsically and/or extrinsically in relation to 
the reaction of effector and target cells. 
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(Fig. 6), and cytoreductive sensitizing activity for natural killer cells (Fig. 7) com
pared to lymphotoxin obtained from freshly isolated peripheral blood lymphocytes 
when evaluated against human carcinoma, leukemia, and sarcoma cells. 

The direct and "indirect" actions of lymphotoxin upon the target cell (Fig. 8) 
can result in prevention or inhibition of carcinogenesis and tumor growth. Due to 
the existence of two and probably three lymphotoxin activity classes, it is, therefore, 
important to select the appropriate assay and target cells when evaluating the mo
lecular basis of the anticancer actions of lymphotoxin. 
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I. INTRODUCTION 

There is firm clinical and laboratory evidence that adrenal glucocorticoids induce 
thymic involution, reduce mitotic activity in thymus-dependent (T) lymphocytes, 
and inhibit phagocytic activity of human leukocytes (Ishidate and Metcalf, 1963; 
Monjan, 1981). By contrast, low concentrations of glucocorticoids enhance thy
mocyte differentiation and stimulate antibody formation in vitro (Ambrose, 1964; 
Ritter, 1977). How this interaction between the hypophyseal-adrenal axis and the 
immune system is controlled is unclear. 

Recent studies indicate that thymosins, a family of peptides isolated from calf 
thymus which stimulate maturation of T lymphocytes (Goldstein et al .• 1981), can 
also produce various endocrinological responses. Thymosin fraction 5 (TFS) and a 
component peptide, thymosin B4 , have been reported to release gonadotropin-
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releasing honnone (GnRH) from the rat hypothalamus (Rebar et al., 1981). TF5 
has also been shown to stimulate adrenal cortical secretion in rats and rabbits 
(Deschaux et al., 1979; Sivas et al., 1982). 

In man and nonhuman primates, the thymus is functionally a fetal and juvenile 
organ which atrophies after puberty and whose weight, expressed as a function of 
body weight, inexorably declines with advancing age (Healy et al., 1983a). Does 
the thymus of prepubertal primates influence developmental endocrinology? To 
begin to address this question, we undertook this study with the following aims: 
(1) to detennine if acute administration of TF5 alters anterior pituitary honnone 
secretion and (2) to evaluate the pituitary response to prepubertal primate thymec
tomy. 

2. MATERIALS AND METHODS 

2.1. Thymosin Preparation 

TF5 was prepared from calf thymus, as described by Hooper et al. (1975). 
The thymic tissue was homogenized and centrifuged and the supernatant filtered 
through glass wool. The filtrate was then processed through 80°C acetone precip
itation and ammonium sulfate precipitation. The 25-50% ammonium sulfate pre
cipitate was subjected to ultrafiltration in an Amicon DC-2 hollow-fiber system and 
desalted on a Sephadex G-25 column to yield fraction 5. Thymosins 0:1 and B4, 
two component peptides ofTF5, were synthesized, dissolved in phosphate-buffered 
saline (pH 9.0), and sterilized by filtration (2-J.Lm pore size; Millex-GS filter unit, 
Millipore Corp., Bedford, Mass.) immediately prior to use. All peptides were 
endotoxin-free. 

2.2. Primate Preparation: The Mobile Tether Assembly 

Premenarchial cynomolgus monkeys (Macaca jascicuLaris), median age 22 
months (range 11-27 months) (n = 18), were used in these studies. Each animal 
was fitted with a vest and mobile tether assembly which pennitted chronic femoral 
vein cannulation for blood collection (Fig. I). This allowed plasma to be harvested 
from monkeys which were unanesthetized, freely moving, and undisturbed, with 
personnel in an adjacent room (Williams et al., 1981). 

2.3. Radioimmunoassays (RIA) 

2.3.1. Corticotropin (ACTH) 

ACTH and ~-endorphin were extracted from plasma using octodecasilyl-silica 
cartridges (Waters Assoc., Milford, Mass.). The peptides were eluted from the 
cartridges with 60 ml (60 : 40, v : v) acetonitrile: 0.1% trifluoroacetic acid (Pierce, 
Rockford, Ill.). Samples were lyophilized and reconstituted in assay buffer (62 mM 
Na2HP04, 13 roM Naz EDT A, pH 7.4, containing 0.02% NaN3 and 0.1 % Triton 
X-loo). The RIAs were perfonned at 4°C in assay buffer containing 250 kIU/ml 



PITUITARY RESPONSES TO THYMOSIN AND THYMECTOMY 367 

FIGURE 1. The primate vest and mobile tether assembly. The cannula passes subcutaneously 
from the femoral canal to the interscapular region. 
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of Trasylol. ACTH was measured using a specific antibody against ACTH (IgG
ACTH-l) (IgG Corporation, Nashville, Tenn.). The detection limit of this RIA was 
5 pg/ml. The intra- and interassay coefficients of variation were 4.3 and 12.1%, 
respectively. 

2.3.2. I3-Endorphin (I3-ENO) 

I3-Endorphin was measured using an antibody raised in rabbits against 13-
endorphin (antibody HS-7 at a final dilution of 1 : 60,(00). The sensitivity of this 
RIA was 10 pg/ml. Intra- and interassay coefficients of variation were 5.5 and 
16.0%, respectively. The antibody had 100% cross-reactivity with 13-lipotropin. 

2.3.3. Corticotropin-Releasing Factor (CRF) 

CRF was also measured by RIA in unextracted plasma using the same buffer 
system and l25I-labeled synthetic ovine CRF I-4l as tracer. 

The antiserum had a binding affinity for [125I]_CRF of 5 x 1011 M-l. It had 
negligible cross-reactivity « 0.001%) for ACTH, l3-endorphin, TSH, and GnRH. 
The assay mixtures contained antiserum in a final dilution of 1 : 180,000 in assay 
buffer. Incubations were carried out at 4°C for 2 days. To enhance sensitivity, the 
antibody was first allowed to react with the unknown plasma samples (0.1 ml) for 
24 hr and was then incubated with the tracer for 24 hr. Antibody-bound and free 
CRF were separated by a second antibody method using goat anti-rabbit antiserum 
at a 1 : 20 dilution. The detection limit was 25 pg/ml. Intra- and interassay coef
ficients of variation were 5.0 and 13.0%, respectively (Schulte et at., 1983). 

2.3.4. Other Hormones 

Follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), 
thyrotropin (TSH), growth hormone (GH) , and cortisol were measured as previously 
described (Williams et al., 1981; Chrousos et al., 1981). Thymosin (Xl RIA used 
a synthetic analog of thymosin (Xl> N-Ac-(Tyrl)-thymosin (Xl> with tyrosine sub
stituted for the N-terminal serine to allow iodination. Assay methodology followed 
that previously reported (McClure et at., 1981). The detection limit of this RIA 
was 0.5 ng/ml. The intra- and interassay coefficients of variation were 10.0 and 
15.0%, respectively. 

2.4. Chromatographic Studies 

TF5 was examined for the presence of immunoreactive ACTH, l3-endorphin, 
and CRF. Peptides were extracted from a 1 mg/ml solution of TF5 in phosphate
buffered saline (pH 8.6) using ODS-silica cartridges, and aliquots in a final con
centration of 250 Ilg/ml to 2.5 pg/ml were tested for displacement of l25I-labeled 
peptide in the ACTH, l3-endorphin, or CRF RIA. In a second study, TF5 (0.5 ml 
of a 10 mg/ml solution) was chromatographed on a Sephadex G-50 fine column 
(55 x 0.9 cm) and eluted with buffer (62 mM Na2HP04, 13 mM Na2 EDTA, pH 



PITUITARY RESPONSES TO THYMOSIN AND THYMECTOMY 369 

FIGURE 2. Gross anatomy of the prepubertal macaque thymus. Note that the upper half of the 
gland lies in the neck reflecting the embryological anlage close to the thyroid and parathyroid 
glands. 
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7.4, and 0.04% NaN3) at a flow rate of 6 mlfhr. Fractions (0.5 ml) were collected 
and compared with the elution position of ACTH I- 39 as a standard. In a third study, 
monkey thymus (n = 4), sheep thymus (n = 3), and sheep pituitary were ho
mogenized, extracted, lyophilized, and analyzed for their immunoreactive CRF, ~
endorphin, and ACTH content. 

2.5. Thymectomy Technique 

Thymectomy proceeded through a cervico-thoracotomy via blunt gauze dis
section. Surgical details are provided in an earlier report (Healy et at., 1983a). 
Extensive neck dissection is vital in these primates as a considerable volume of 
thymic tissue exists near the thyroid and trachea (Fig. 2). All interstitial tissues 
between the thymus and adjacent organs were excised and multiple, representative 
5-~m histological sections examined for thymic remnants. In addition, three animals 
were sacrificed 3-12 weeks after surgery and serial section of the anterior medias
tinum and lower neck performed to examine for thymic residua. No thymic remnants 
were identified. 

3. RESULTS 

3.1. Pituitary Hormone Changes after Thymosin Administration 

In the first experiment, TF5, at doses of 10.0 and 1.0 mglkg, or normal saline 
was injected intravenously via the cannula at 0700 hr. TF5 produced significant 
increases in plasma ACTH, ~-endorphin, and cortisol concentrations which peaked 
30, 60, and 90 min, respectively, following injection (Fig. 3). Basal ACTH, ~
endorphin, and cortisol values were 24.06 ± 3.91 pg/ml, 37.3 ± 7.65 pg/ml, and 
35.3 ± 3.16 J.lg/dl (n = 16), respectively, in these juvenile monkeys. By contrast, 
no change in plasma PRL, GH, TSH, FSH, or LH concentrations were observed 
after TF5 administration. 

Additional monkeys (n = 3) received intravenous administration of 75 J.lg/kg 
thymosin (Xl or ~4' (Xl has been reported in mice to elevate corticosterone levels 
(Hall etat., 1983). Plasma (Xl concentrations rose from a basal value of 1.47 ± 0.80 
ng/ml (mean ± S.E.) to a peak value of 14.7 ± 2.1 ng/ml30 min after exogenous 
(Xl injection. Similar peak plasma concentration of (Xl followed TF5 administration. 
However, no significant increase in any pituitary hormone resulted from injection 
of synthetic (Xl or ~4 alone. 

3.2. ACTH, ~-Endorphin, and CRF Content of Thymosin and the 
Thymus 

TF5 did not displace e25Il-ACTH, ~-endorphin, or CRF in their respective 
RIAs: this result was observed when TF5 was prepared by either ODS-silica or 
Sephadex chromatography extraction. Thymic tissue contained no measurable CRF 
or ~-endorphin immunoreactivity «5 pg/IOO mg wet wt). Monkey thymus, but 
not that of sheep, contained small amounts of immunoreactive ACTH (29.7 ± 14.9 
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FIGURE 3. Time course of the plasma ACTH, 
cortisol, and J$-endorphin concentrations fol
lowing Lv. administration of TF5, 10 mg/kg 
(e) or placebo (0). Significant elevations 
(p < 0.05) of ACTH occurred at 30 and 60 
min and of cortisol at 90 min after TF5 in
jection. Hormonal increases are expressed 
as percent basal value. The vertical bar in
dicates ± S.E. 
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pg/l00 mg wet wt; mean ± S.E.); this was less than 0.0001 % of ACTH detected 
in the ovine anterior pituitary gland. 

3.3. Cortisol and Thymosin IX1 Levels before and after Thymectomy 

In this experiment, six primates were cannulated before and 6 weeks after 
thymectomy to compare plasma cortisol and thymosin a1 concentrations. Table I 

TABLE I. Plasma Cortisol and Thymosin 0:1 before and after 
Thymectomy in Premenarchial Primates (n = 6) 

Study 

Prethymectomy 
Postthymectomya 

Plasma cortisol (fLg/dl) 
(mean ± S.E.) 

29.0 ± 3.5 
19.5 ± 2.5* 

a Primates examined 6 weeks after surgery. 
• p < 0.025. 

Plasma thymosin atl (ng/ml) 
(mean ± S.E.) 

3.49 ± 0.38 
3.70 ± 0.34 
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TABLE II. Plasma ACTH, I3-Endorphin, and Cortisol 
Concentration in Athymic and Age-Matched Control Monkeys 

(n = 8)B 

Primate group 

Athymic 
Control 

Plasma hormone concentrations (mean ± S.E.) 

ACTH (pg/ml) 

39.6 ± 5.7* 
90.7 ± 26.6 

I3-Endorphin (pg/ml) Cortisol (,""g/dl) 

85.8 ± 11.3** 33.1 ± 4.0 
147.1 ± 24.0 46.5 ± 7.6 

a Primates examined 6-10 weeks after surgery. 
• p < 0.05; "p < 0.025. 

indicates that plasma cortisol values fell significantly following removal of the 
thymus. By contrast, there was no change in plasma u) concentrations pre- and 
postthymectomy. 

3.4. Pituitary Hormone Values in Athymic and Control Primates 

In this second study, eight additional athymic monkeys were cannulated and 
hormonal profiles compared with age-matched, intact, control animals. Table II 
shows that athymic primates had significantly lower plasma ACTH and ~-endorphin 
concentrations. Also in accord with the complementary data displayed in Table I 
was the finding of lower plasma cortisol levels in the athymic animals, although 
the decrease did not reach statistical significance. Concentrations of all other anterior 
pituitary hormones were equivalent between the athymic and the control populations. 

4. DISCUSSION 

TF5 administration to premenarchial primates does elevate plasma concentra
tions of ACTH, ~-endorphin, and cortisol. These responses are not only time but 
also dose dependent (Healy et al., 1983b). Concentrations of other anterior pituitary 
hormones are not altered by injection of these peptides. Moreover, thymosin u) or 
~4' at a concentration of 75 J.l.glkg, causes no change in plasma levels of any 
pituitary hormone. 

The increases in plasma ACTH and ~-endorphin appear to be endogenous and 
not derived from the injected TF5. Indeed, no ACTH or ~-endorphin immuno
reactivity was detected in extracted TF5 material. The elevations in plasma levels 
of ACTH, ~-endorphin, and cortisol after TF5 administration also did not appear 
to result from nonspecific stress. No change in primate behavior occurred, heart 
rates and total leukocyte counts were unaltered after TF5, and no hormonal changes 
followed injection of normal saline or BSA. 

The structure of the putative peptide(s) in TF5 responsible for these changes 
has not been determined. Thymosin u) does not appear to stimulate glucocorticoid 
secretion in primates, unlike its effect in mice (Hall et al., 1983), Thymosin ~4 
had no effect on pituitary hormone secretion: in particular, plasma FSH and LH 
levels remained unchanged. This absence of a rise in gonadotropins might reflect 
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FIGURE 4. Schematic representation of the putative immunore
gulatory circuit between the thymus and the pituitary-adrenal axis. 
A thymic CRF (T-CRF) or CRF-releasing factor contributes to the 
total CRF input controlling ACTH release. The circuit is completed 
by cortisol negative feedback upon the thymus. 

373 

HYPOTHESIS 

species variation from earlier in vitro murine studies (Rebar et al., 1981) or that 
premenarchial primates, with low or absent endogenous GnRH, FSH, and LH 
release, are suboptimal models to examine in vivo gonadotropin responses to thy
mosins. 

Our interpretation from all data in this study is that the juvenile primate thymus 
contains a peptide(s) which contributes to the total CRF input impinging on the 
pituitary corticotroph to secrete ACTH. Precisely how this occurs is uncertain. 
Figure 4 describes one hypothesis. Thymic CRF, or possibly a thymic -CRF re
leasing factor circulates to reach the pituitary gland and/or the hypothalamus via 
the median eminence. This putative thymic CRF then serves as a subsidiary source 
to hypothalamic CRF for ACTH secretion. In this schema, regulation of thymic 
CRF release is controlled by cortisol thymolytic negative feedback action. Given 
the ontogeny of the thymus, one would predict this immune-endocrinological reg
ulatory circuit should become less important to homeostasis as primates age. 

5. SUMMARY 

TF5 elevates plasma ACTH, ~-endorphin, and cortisol concentrations in a 
time-dependent fashion. By contrast, TF5 does not alter plasma levels of other 
anterior pituitary hormones, while thymosin ell or ~4 at 75 f.Lg/kg has no effect on 
pituitary secretion. Juvenile primate thymectomy decreases plasma ACTH, ~-en
dorphin, and cortisol concentrations. Our data suggest that the prepubertal primate 
thymus secretes a CRF which contributes to a physiological immunoregulatory 
circuit between the developing immunological and pituitary adrenal axes. 
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Expression of T-Cell Markers on 
Chicken Bone Marrow Precursor 
Cells Incubated with an Avian 
Thymic Hormone 

KRISHNA K. MURTHY, FRANCES G. BEACH, and 
WILLIAM L. RAGLAND 

1. INTRODUCTION 

Thymic extracts from a number of mammals (mice, rats, calves, pigs, and humans) 
have been shown to contain a variety of hormones or factors which play an important 
role in the differentiation and maturation of T lymphocytes. Some of the well
characterized hormones or factors include thymosin (Goldstein, 1976), thymulin 
(Bach et at., 1978), thymopoietin (Goldstein, 1975), and thymic humoral factor 
(Kook et at., 1975). These and several additional factors have also been demon
strated to be present in the serum of some of the mammals. Most of these hormones 
are active in bioassays both in vitro and in vivo. Thymosin fraction 5 induces the 
expression of Thy-l and Lyt antigens on murine precursor cells and functional 
maturation of T cells (Ahmed et at., 1978). It also has been shown to induce HTLA 
surface marker on human bone marrow cells (Touraine et at., 1975) and to enhance 
the number of E-rosette-forming T cells (lncefy et at., 1975). Similar biological 
activity has been reported for thymulin (Bach et at., 1978). Mouse bone marrow 
cells or spleen cells express TL and Thy-l antigens when incubated in vitro with 
thymopoietin (Basch and Goldstein, 1974). 

A thymus-specific antigen, designated as T 1 and found present in soluble 
extracts of chicken thymus, has been described (Pace et at., 1978). Further puri-
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fication and biochemical characterization of T 1 (Barger et al., 1977) indicated that 
it was acid and heat stable with a molecular weight ranging from 3000 to 10,000. 
Amino acid analysis revealed that T 1 was rich in acidic amino acids and had a 
blocked N-terminus. Recent studies by Murthy et al. (unpublished) have extended 
these observations by demonstrating the presence of T 1 within the reticuloepithe1ial
like cells of the chicken thymus. The similarities in physiochemical characteristics 
and in situ localization of T 1 and other mammalian thymic hormones prompted us 
to examine the possibility that Tl may be an avian thymic hormone (ATH) involved 
with T -cell differentiation. 

2. MATERIALS AND METHODS 

2.1. Chickens 

Specific-pathogen-free chickens were obtained from a commercial source and 
were maintained in isolation units. One- to three-week-old chickens were used for 
collection of bone marrow samples. 

2.2. T1 Antigen 

Purified and lyophilized endotoxin-free Tl was reconstituted in RPMI 1640 
medium (GIBCO, Long Island, N. Y.) at a concentration of 1 mg/ml, sterilized by 
passing through a 0.45-fJ.m filter, and stored at - 20°C for in vitro assays. 

2.3. Antisera and Conjugate 

Antisera to T and B lymphocytes were prepared by immunizing rabbits with 
thymic or bursal lymphocytes from three-week-old chickens. Rabbits were injected 
intravenously with 2 x 108 cells at 2-week intervals for a total of three times. One 
week after the last antigenic stimulation, serum samples were collected and heat 
inactivated at 56°C for 30 min. Antisera were absorbed with chicken erythrocytes 
and either T cells or B cells to eliminate cross-reactivity. Specificity of antisera 
was ascertained by indirect fluorescent antibody (IFA) tests. 

Fluorescein-conjugated goat anti-rabbit globulin (GARG) was obtained from 
Schwarz/Mann (Orangeburg, N. Y.) and used for IF A tests as described (Murthy 
et al., 1983). 

2.4. Bone Marrow Cells 

Long bones (femur and tibia), aseptically collected from several chickens, 
were used as the source of bone marrow. The diaphyses were cut and the marrow 
was flushed out with cold phosphate-buffered saline (0.1 M PBS, pH 7.3). Pooled 
samples were pushed gently through a 60-fJ.m mesh screen (Tetko, Elmsford, N. Y.) 
to obtain single-cell suspensions of bone marrow cells. Enrichment of precursor 
cells was achieved by using a bovine serum albumin (BSA) discontinuous gradient 
or by differential agglutination with peanut agglutinin (PNA). 
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2.5. Discontinuous BSA Gradients 

Discontinuous BSA gradients were prepared as described (Incefy et al., 1975), 
using BSA obtained from Sigma (St. Louis, Mo.). The bone marrow cell suspen
sions (1-4 X 108 cells/ml), in PBS containing 5% BSA, were layered on top of 
the gradient and centrifuged at 750g for 30 min at 4°C. Individual fractions were 
collected, washed with RPMI 1640 medium, and cultured in vitro. 

2.6. Differential Agglutination with PNA 

Bone marrow cells previously subjected to centrifugation (2-3 times) on His
topaque (Sigma) were used for agglutination with PNA (Sigma). Equal volumes of 
bone marrow cell suspensions (1-4 X 108 cells/ml) and PNA solution (1 mg/ml) 
were mixed and incubated at room temperature for 20 min. After incubation, the 
agglutinated cells (PNA +) were separated from nonagglutinated cells (PNK) at Ig 
sedimentation. Cell suspensions were layered on top of a 50% bovine fetal serum 
gradient made up in PBS and the tubes kept at room temperature for 20 min. The 
PNA -cells remained at the top of the gradient and the PNA + cells settled to the 
bottom. The two populations were collected separately and washed 2-3 times in 
PBS containing 0.2 M D-galactose (Sigma) and twice in RPMI 1640 for in vitro 
culture. 

2.7. Cell Culture and Incubation 

Enriched precursor cells obtained by using BSA gradients or by agglutination 
with PNA were cultured at a concentration of 5 X 106 cells/ml in 35-mm tissue 
culture plates (Costar, Cambridge, Mass.) to test the biological activity of T1• 

Culture medium was RPMI 1640 supplemented with 5% bovine fetal serum, 2 mM 
L-glutamine, 1 x 10-5 M 2-mercaptoethanol, and 50 mg gentamicin per liter of 
the medium. Replicate cultures were set up with various concentration of T I ranging 
from 5 to 100 /-Lg/ml. Control cultures were incubated with bursal extract (BE) or 
medium alone. 

To test the specificity ofT1, additional experiments were conducted with other 
factors. BE was a crude supernatant obtained by centrifugation at 45,OOOg of 
homogenized bursal tissue. Chicken neurotensin (CNT) and bovine neurotensin 
(BNT) and thymic origin were generous gifts from Dr. R. Galloway of the University 
of Amherst Medical Center. Ubiquitin (UB) was kindly provided by Dr. G. Gold
stein of Ortho Pharmaceuticals, Raritan, New Jersey. These factors were added to 
the precursor cells in culture at various concentrations. All cultures were incubated 
overnight at 40°C in 5% CO2 atmosphere. 

2.8. IFA Test 

To determine the expression of T-cell markers on precursor cells incubated 
with various factors, IFA tests were conducted as described in an earlier study 
(Murthy et at., 1984). 
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3. RESULTS 

3.1. Discontinuous BSA Gradients 

Fractionation of bone marrow cells on BSA gradients resulted in six separate 
fractions, as shown in Fig. 1. Cells from each fraction were incubated with 50 
J..Lg/ml of TJ to detect fractions enriched for precursor cells. Replicate experiments 
indicated that fractions I, II, and III contained a majority of precursor cells (data 
not shown). Therefore, for subsequent studies, cells from the first three fractions 
were pooled. The optimum concentration of T) that induced the expression of T
cell markers was determined by dose-response studies and the average from three 
experiments is represented in Fig. 2. At a concentration of 25 J..Lg/ml, T) induced 
the expression ofT-cell markers on approximately 26% of the cells (range 15-30%). 
Incubation with BE did not appreciably increase the percentage of cells with T-cell 
markers when compared to cells cultured with medium alone. In contrast, BE or 
UB markedly increased the percentage of B cells but T) did not induce differentiation 
of precursor cells to B cells (data not shown). 

3.2. Differential Agglutination with PNA 

Separation of bone marrow cells into PNA- and PNA + cell types after a short 
incubation period with PNA is in agreement with other studies (Reisner et at., 
1978). T) induced the expression of T-cell markers on both PNA- and PNA + cells 
(Table I). However, a wide variation in the percentage of positive cells was evident 
between the two cell types. Although a two- to fourfold increase in the percentage 
of positive cells as compared to the untreated controls was observed with PNA
cells, a dose effect was not discernible. In contrast, a dose response was observed 
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FIGURE 1. BSA gradient separation of marrow cells. 
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FIGURE 2. Effect of various soluble factors on the induction of T-cell markers. T1 (e), BE (0), 
and RPMI1640 medium (X). 

with PNA + cells. A marked increase in the percentage of positive cells was evident 
with increasing concentrations of TI> up to the 50-l1g level. At 100 I1g/ml, TI was 
inhibitory to PNA + cells and had no effect on PNA-cells. 

3.3. Incubation with Other Factors 

Lastly, the data in Table II clearly demonstrate the specificity of induction of 
T-cell markers by T I. Incubation of precursor cells with various soluble factors of 
thymic origin (BNT, eNT) or nonthymic origin (UB, BE) resulted in little or no 
induction of T-cell markers. On the other hand, TI induced T-cell markers on a 
markedly high percent (27%) of the precursor cells. 

TABLE I. Induction of T-Cell Markers on 
Bone Marrow Cells Separated by PNA 

Incubated 
Cells expressing T-cell markers (%) 

with TI (J..I.g) PNA- PNA+ 

0 2.8 1.3 
10 9.6 8.6 
25 4.3 17.3 
50 8.4 26.2 

100 11.5 10.5 
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TABLE II. In Vitro Attempts to Induce 
T-Cell Markers with Other Factors 

Cells expressing T-cell 
Inducing factor markers (%) 

TJ 30 ILg 26.8 
UB 30 ILg 5.5 

50 ILg 4.0 
BNT 10 ILg 1.5 

40 ILg 1.0 
CNT 500 nM 0 

1000 nM 6.5 
BE 30 ILg 1.2 
RPMII640 2.0 

4. DISCUSSION 

Earlier studies from this laboratory demonstrated the presence of a soluble 
antigen, designated as Th in extracts of chicken thymus (Pace et ai., 1978). Phy
siochemical characterization of T 1 suggested that it shared several properties at
tributed to mammalian thymic hormones (Barger et ai., 1977). Recently, we have 
shown that Tl is localized within the reticuloepithelial-like cells as well as in small 
mononuclear cells of the thymus (Murthy et ai., unpublished). Based on these 
observations, we hypothesized that Tl could be the avian counterpart of the mam
malian thymic honnone(s). The next logical step was to examine its biological 
activity. 

An in vitro assay was set up using enriched precursor cells obtained either by 
centrifugation on discontinuous BSA gradients or by differential agglutination with 
PNA. Both techniques appeared to be efficient in enriching precursor cell population. 
Precursors of T cells were concentrated in the lighter density regions of BSA 
gradients and in the PNA + cell fractions. In contrast, the heavier density regions 
and the PNA- cell fractions had only a small percent of inducible cells. 

Incubation of enriched precursor cells with T 1 induced a marked increase in 
the number of cells expressing T-cell markers (27%) when compared to background 
levels of 1-2% (Fig. 1 and Table I). Expression of T-cell markers on a high 
percentage of precursor cells after exposure to T 1 is especially interesting in view 
of earlier studies which indicated that avian bone marrow cells do not label with 
anti-T-cell sera (Hudson and Roitt, 1973). Various other factors of thymic (CNT, 
BNT) or nonthymic (UB, BE) origin induced either low expression (4-6%) or no 
expression of T-cell markers, thus clearly establishing the specificity of T I in 
inducing differentiation of precursors of T cells. 

Our results are consonant with a number of observations made using thymic 
extracts or factors from mammalian species. A soluble factor obtained from murine 
thymus was shown to induce in vitro the expression of TL and Thy-l antigens on 
precursor cells found in bone marrow and spleen of adult mice (Komuro and Boyse, 
1973). Similarly, a variety of extracts or purified derivatives of calf thymus and 
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thymulin have been shown to induce in vitro differentiation and maturation of 
precursor cells to T lymphocytes (Ahmed et at., 1978; Bach et at., 1978; Basch 
and Goldstein, 1974; Komuro et at., 1975; Miller et at., 1973). Further, soluble 
factors obtained from either calf or human thymus induce the differentiation of 
human bone marrow precursor cells as determined by the expression of HTLA 
antigen (Touraine et at., 1975) and acquisition of E-rosette receptors (Incefy et at., 
1975). Results of studies pertaining to the location, physiochemical properties, and 
apparent functional properties of T, provide compelling evidence that it is an avian 
thymic hormone. 

5. SUMMARY 

Bone marrow cells from one- to three-week-old chickens were separated into 
six fractions on discontinuous BSA gradients (5-27%). The top three fractions of 
enriched precursor cells were pooled for in vitro assays. Enriched precursor cells 
were also obtained by differential agglutination of bone marrow cells with PNA. 
Precursor cells obtained by either method were cultured in RPMI 1640 (5 x 106/ml) 
containing various concentrations of an avian thymic antigen (T ,) free of endotoxin. 
Control cultures were incubated with BE or ubiquitin UB. Cultures were examined 
18 hr later by indirect immunofluorescence for the expression of T- and B-cell 
surface markers. The T, antigen, at concentrations of 20-50 j.Lg/ml culture medium, 
induced the expression of T-cell markers on 15-30% of the enriched precursor cell 
population. No more than 6% differentiation to T cells was observed in cultures 
incubated with BE or UB. The percentage of T cells in culture medium alone was 
2%. Incubation with UB and BE markedly increased the percentage of B cells but 
T, did not induce differentiation of precursor cells to B cells. These results indicate 
that T, is an avian thymic hormone. 
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Transferrin Receptor Induction in 
Mitogen-Stimulated Human T 
Lymphocytes Is Required for 
DNA Synthesis and Cell Division 
and Is Regulated by Interleukin-2 
(TCGF) 

LEONARD M. NECKERS and JEFFREY COSSMAN 

1. INTRODUCTION 

Since the discovery of T-cell growth factor (TCGF, IL-2) by Gallo and co-workers 
nearly 8 years ago (Morgan et at., 1976), much interest has been focused on its 
ability to support the long-term growth of activated T lymphocytes (Ruscetti et at., 
1977; Mier and Gallo, 1980). At the same time, others have shown that lymphocyte 
proliferation is dependent on transferrin, a major serum glycoprotein (Dillner-Cen
terlind et at., 1979). Because both transferrin and TCGF exert their effects through 
interaction with cell surface receptors (Robb et at., 1981; Neckers and Cossman, 
1983), it is of interest that resting lymphocytes do not express receptors for either 
substance (Smith et ai., 1979; Tormey et ai., 1972; Larrick and Cresswell, 1979). 
Making use of recently available monoclonal antibodies which recognize each 
receptor (Goding and Bums, 1981; Sutherland et ai., 1981; Uchiyama et ai., 
1981a,b; Trowbridge and Lopez, 1982; Leonard et at., 1982), we have investigated 
the sequence of events in which lymphocytes become responsive to both TCGF 
and transferrin. In the course of these experiments we have determined that the 
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mitogenic potential of TCGF is dependent on transferrin receptor appearance on T 
cells and that TCGF receptor stability is also dependent on maintenance of transferrin 
receptor expression. 

2. MATERIALS AND METHODS 

2.1. Cell Preparation 

Human peripheral blood mononuclear cells (PBM) were obtained by Fi
coll-Hypaque separation of heparinized venous blood drawn from healthy volun
teers. For macrophage/monocyte depletion, cells were resuspended at 5 x 106/mI 
in RPMI 1640 (GIBCO, Grand Island, N.Y.) containing 10% heat-inactivated fetal 
calf serum and 1 % penicillin-streptomycin solution. Twenty milliliters of this sus
pension was placed in Coming 75-cm2 culture flasks and incubated for 1 hr at 37°C 
in 5% CO2 • At the end of 1 hr, nonadherent cells were removed and reincubated 
in a fresh flask as above. This process was repeated three to five times until surface 
marker analysis [using monoclonal antimonocyte antibody (63XD3, BRL, Gaith
ersburg, Md.)] revealed < 1 % monocytes. Initial analysis routinely found 7-10% 
monocytes in our PBM preparations. T cells comprised 70-80% of PBM [detection 
by LYT-3, a monoclonal anti-T-cell reagent (New England Nuclear, Boston, Mass.)] 
and 80-90% of peripheral blood lymphocytes (PBL; following monocyte depletion). 

2.2. Culture Methods 

Nonadherent cells were plated out in 24-well microtiter plates (Costar) at 
1 x 1()6/mI (2 mlIwell). Phytohemagglutinin (PHA; Sigma Chemical Co., S1. Louis, 
Mo.) was used at a final concentration of 2 j.Lg/ml. Tetradecanoyl-13-phorbol acetate 
(TPA) was used at a final concentration of 50 ng/ml (810M). Monoclonal antibody 
to the IL-2 receptor (anti-Tac, a gift from Dr. Thomas Waldmann, NIH) was used 
at a final dilution of ascites fluid of 1 : 500. Monoclonal antibody to the transferrin 
receptor (42/6, a gift from Dr. Ian Trowbridge, Scripps Clinic, San Diego, Calif.) 
was used at a final concentration of 2 j.Lg purified antibody/mI. 42/6 is a mouse 
IgA antibody which blocks the transferrin-binding site and only minimally interferes 
with the binding of OKT9 (Trowbridge and Lopez, 1982). OKT9 (Ortho Phar
maceutical Corp., Raritan, N.J.) is directed against the transferrin receptor (Goding 
and Bums, 1981; Sutherland et aI., 1981), but does not block transferrin binding 
(Trowbridge and Lopez, 1982). In this study, OKT9 was used to detect receptors 
by immunofluorescence (see below). Anti-Leul, a pan T-cell reagent, was purchased 
from Becton-Dickinson (Sunnyvale, Calif.) and used at a final concentration of 2 
j.Lg/ml. All reagents were added to cultures as described in the text. Antibodies 
containing azide were dialyzed overnight at 4°C against sterile PBS containing 2% 
albumin and were filtered through O.2-j.Lm filters before use. IL-2-dependent human 
T cells were cultured at 1 x lOs/ml in RPMI 1640 containing 10% heat-inactivated 
human AB serum, 1 % penicillin-streptomycin solution, and 10% partially purified 
IL-2 concentrate (Grimm and Rosenberg, 1982). This amount ofIL-2 has previously 
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been shown to sustain the growth of these cells for 1 week (Grimm and Rosenberg, 
1982). 

2.3. Immunofluorescence 

IL-2 receptors and transferrin receptors were detected by indirect immunoflu
orescence with FACS analysis. Cells were prepared by incubating 2-4 x lOs cells 
with an appropriate dilution of primary antibody or mouse ascites control for 30 
min on ice. After two washes, fluorescein-labeled goat anti-mouse IgG antibody 
(Kirkegaard and Perry, Gaithersburg, Md.) was added and the cells incubated an 
additional 30 min on ice in the dark. After three final washes, the cells were 
resuspended in medium and analyzed on a FACS (FACS II, Becton-Dickinson) 
using the 488-nm line of an argon ion laser at 500-mW power. Data analysis was 
based on the collection of 10,000 to 50,000 cells per sample. Dual staining of cells 
for transferrin receptor, using OKT9, and for DNA content, using propidium iodide 
(Calbiochem, La Jolla, Calif.), was perfonned as described in detail by Braylan et 
al. (1982). Two-color fluorescence studies were perfonned using an avidin-Texas 
Red conjugate (Molecular Probes, Inc., Junction City, Oreg.) together with bio
tinylated goat anti-mouse immunoglobulin (TAGO, Inc., Burlingame, Calif.) and 
OKT9 to tag transferrin receptors, while directly fluoresceinated anti-Tac (a gift 
from Dr. Thomas Waldmann, NCI) was used to tag IL-2 receptors. FACS analysis 
was perfonned using the 568-nm line of a krypton laser at 170 m W and the 488-
nm line of an argon laser at 500 mW. Data analysis was carried out on 50,000 
cells. 

2.4. DNA Synthesis 

At appropriate times, 1 !-LCi of [methyPH]thymidine (Amersham, 5 Cilmmole) 
was added to I x IOC' cells in 1 ml culture medium. After 4 hr at 3rC, tube 
contents were filtered, washed, and analyzed by liquid scintillation spectrometry. 
Results are expressed as a stimulation index = cpm stimulated culture/cpm unstim
ulated culture. 

3. RESULTS 

3.1. Requirements for the in Vitro Expression of Receptors for 
Transferrin and IL-2 and DNA Synthesis in PHA-Stimulated 
Lymphocytes 

The mononuclear cell population contained < 1 % monocytes (63XD3-positive 
cells) following adherent cell depletion. These PBL showed negligible thymidine 
incorporation following a 4-day exposure to PHA when compared to nondepleted 
controls containing at least 7% monocytes (Table I). Concurrently, only low levels 
of transferrin receptors and IL-2 receptors were expressed on PBL if monocytes 
were depleted. By contrast, in the PHA-stimulated, monocyte-containing popula
tion, 76% of the cells expressed transferrin receptors and 84% expressed IL-2 
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TABLE I. Requirements for Expression of Transferrin Receptors, IL-2 Receptors, 
and DNA Synthesis in PHA-Treated LymphocytesB,b 

Receptor-positive cells (%) 
DNA synthesis 

Additives IL-2 (Tac+) Transferrin (OKT9+) (stimulation index) 

Monocytes + serum 84 76 185 
Monocytes 74 56 25 
Serum 0 0 13 
None 0 0 3 

a Modified from Neckers and Cossman (1983). 
• Receptor-positive cells and thymidine incorporation were measured 4 days post PHA treatment (2 fl.g/ml). PBL were 

depleted of monocytes. Monocytes (7%) and/or serum (10%) were added back to these PBL. The stimulation index 
was calculated based on cells freshly prepared from peripheral blood with no further incubation (8(}"90 cpm). 

receptors. DNA synthesis was maximally stimulated in this group (Table I). How
ever, when'serum was removed from the cultures, DNA synthesis was markedly 
reduced, even though the percentage of OKT9 + and T AC + cells remained essen
tially unchanged (Table I). Thus, PHA-induced transferrin receptor and IL-2 re
ceptor expression and maintenance required that monocytes but not serum be pre
sent, while PHA-stimulated DNA synthesis required the presence of both monocytes 
and serum. 

3.2. Substitution of Phorbol Ester for Monocytes 

As the phorbol ester TP A can adequately substitute for monocytes in mitogen
driven lymphocyte activation (Koretsky et ai., 1982), TPA (8.1 x 10-8 M) was 
selected as a substitute for monocytes in the remainder of our studies. The ability 
ofTPA to promote mitogenesis, while not being mitogenic itself, is shown in Table 
II. It was also determined that monocyte-depleted cells, exposed to PHA for only 
6 hr (PHA then being washed out) followed by exposure to TPA, could still 
maximally synthesize DNA (Table II). Thus, TPA did not have to be present together 

TABLE II. TPA Replaces Monocytes in PHA-Induced 
Lymphocyte DNA SynthesisB,b 

Additives 

PHA * + monocytes (l 0%) 
PHA* + TPA§ 
PHA (0-6 hr)t + TPA (added at 6 hr)ll 
PHA (0-6 hr)t 
TPA§ 

a Modified from Neckers and Cossman (1983). 

DNA synthesis 
(stimulation index) 

33 
23 
24 

8 
5 

• PHA (2 fl.g/ml) was present either throughout the experiment (*) or for the 
first 6 hr only (t). TPA (50 ng/mI) was either added with PHA (§) or after 
PHA had been removed (~). DNA synthesis was measured 72 hr after the 
beginning of the experiment. The stimulation index was calculated based 
on cells depleted of monocytes and kept in culture for 4 days with no other 
additions (5Q(}..600 cpm). 
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with PHA to replace monocytes in this system. However, one cannot rule out the 
continued presence of membrane-bound PHA affecting the cellular response to TPA. 

3.3. Kinetics of IL-2 Receptor and Transferrin Receptor Induction in 
PHA-Stimulated Lymphocytes 

Monocyte-depleted PBL were treated with PHA, followed 6 hr later by the 
addition of TPA (8.1 x 10-8 M). In one group, PHA was removed after 6 hr and 
TPA was added to one-half of the cells. The expression of IL-2 receptors and 
transferrin receptors was determined at several times after PHA addition (Fig. 1). 
Cells became IL-2 receptor positive in the presence of PHA alone, but receptor 
appearance was unstable and did not persist for 72 hr post PHA. In the presence 
of PHA alone, cells never became transferrin receptor positive. When TPA was 
added to the cultures 6 hr after PHA, both IL-2 receptors and transferrin receptors 
were induced in the majority of the cells. Removal of PHA 6 hr after its addition 
had no effect on receptor expression as long as TPA was added. IL-2 receptors 
were expressed prior to transferrin receptors. Transferrin receptors did not become 
maximally expressed until 72 hr post PHA. Two-color fluorescence studies dem
onstrated that, 72 hr post PHA, the majority of cells possessed both transferrin 
receptors and IL-2 receptors. A large proportion were positive only for IL-2 re
ceptors, but less than 1% of the cells were transferrin receptor positive and IL-2 
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FIGURE 1. PHA (2 j.Iog/ml) was added to monocyte-depleted PBL. Six hours later it was washed 
out of some cultures and not others. TPA (50 ng/ml) was added at this time. Cells expressing 
IL-2 receptors (Tac+, panel A) and transferrin receptors (OKT9+, panel B) were examined at 
various time points after PHA addition. (From Neckers and Cossman, 1983, with permission.) 
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FIGURE 2. Monocyte-depleted PBl 
were treated with PHA (2 ""g/ml) and 
TPA (50 ng/ml) for 3 days. The cells 
were then simultaneously stained for 
transferrin receptors using OKT9 and 
for Il -2 receptors using anti-Tac and 
subjected to FACS analysis. The data 
(collected for SO,OOO cells) are ex
pressed as a contour plot with OKT9 
fluorescence intensity increasing on 
the y axis and anti-Tac fluorescence 
intensity increasing on the x axis. 
The contours represent cell num
bers. Greater than 50% of the cells 
possess both transferrin and Il-2 re
ceptors. Forty percent of the cells 
possess only Il-2 receptors, but less 
than 1 % of the cells possess only 
transferrin receptors. (From Neck
ers and Cossman, 1983, with per
mission.) 

receptor negative (Fig. 2). When cells were treated with TPA alone, less than 25% 
were IL-2 receptor and transferrin receptor positive 48 hr later (data not shown). 

When transferrin receptor expression was examined as a function of the cell 
cycle, receptor-positive cells were found in all phases, including GO/G 1. Forty
eight hours post PHA, only 25% of GO/G 1 cells were transferrin receptor positive 
while cells in Sand G2 + M were nearly all receptor positive (84 and 88%, 
respectively; data not shown). 

3.4. Dependence of Transferrin Receptor Induction on the 
Presence of IL-2 Receptors and IL-2 

Two pieces of circumstantial evidence suggest that IL-2 receptors may be 
involved in transferrin receptor induction. First, in the presence of PHA alone, 
monocyte-depleted PBL temporarily expressed IL-2 receptors, but these receptors 
soon disappeared. In this case, no transferrin receptors appeared. Second, in the 
presence of PHA and TPA, IL-2 receptors were maximally expressed at least 1 day 
before transferrin receptors, even though both receptors were eventually expressed 
on the same cells. If functional IL-2 receptor expression is required for transferrin 
receptor expression, then blockade of IL-2 receptors should inhibit appearance of 
transferrin receptors . When anti-Tac antibody (1 : 500 ascites dilution) was added 
to PHA!rPA-stimulated monocyte-depleted PBL before transferrin receptors were 
expressed (6 hr post PHA), transferrin receptor acquisition was completely inhibited 
(Fig. 3). When anti-Tac was added after transferrin receptors can be detected (48 
hr post PHA), the antibody had no effect on continued transferrin receptor expression 
(Fig. 3). Brief exposure of PBL to mitogen has been reported to result in IL-2 
receptor induction. To test the requirement for IL-2 in transferrin receptor induction, 
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FIGURE 3. Anti-Tac antibody (anti-IL-2 receptor) was added to cultures at either 6 or 48 hr 
post PHA. Transferrin receptor-positive cells were measured at various time points atter PHA 
addition in antibody-treated and control cultures. Expression of transferrin receptors was reduced 
only if anti-Tac antibody was added to cultures prior to the expression of these receptors. (From 
Neckers and Cossman, 1983, with permission.) 

we added PHA to monocyte-depleted PBL for 3 hr, then washed the lymphocytes 
twice and resuspended them in fresh medium in the presence or absence of lectin
free (IL-2 (a gift of Drs. S. A. Rosenberg and E. A. Grimm). Three days later, 
the cells were analyzed for the presence of transferrin receptors, IL-2 receptors, 
and DNA synthesis (Table III). After a brief pulse of PHA, a significant portion 

TABLE III. IL-2 Is Required to Induce Transferrin Receptors on PHA-Treated 
Lymphocytess.b 

Receptor-positive cells (%) 

Additives 

PHA + IL-2 
PHA 

IL-2 receptor 
(Tac+) 

43 
12 

• Modified from Neckers and Cossman (1983). 

Transferrin receptor 
(OKT9+) 

35 
7 

DNA synthesis 
(stimulation index) 

52 
4 

• PHA (2 ,..glmI) was added to the cultures at the initiation of the experiment and removed 3 hr later. IL-2 was added 
to half the cells at this point. The cultures were maintained for 3 days at which time receptor-positive cells and 
thymidine incorporation were determined. The stimulation index was calculated based on cells depleted of monocytes 
and kept in culture for 3 days with no further treatment (300-400 cpm). 
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TABLE IV. Effect of Time of Addition of Anti-Tac on 
PHA-Treated Lymphocytes8 •b 

Time of addition 
of anti-Tac (post PHA) 

None 
+6 hr 
+48 hr 

Transferrin receptor-positive 
cells (%) 

75 
10 
76 

" Modified from Neckers and Cossman (1983). 

DNA synthesis 
(stimulation index) 

23 
3.5 
18 

b Anti-Tac (1 : 500 dilution of ascites) was added at the times indicated. Transferrin receptor
positive cells and DNA synthesis were determined 72 hr after PHA was added to the cultures. 
The stimulation index was based on cells depleted of monocytes and kept in culture for 3 
days with no further treatment (400-600 cpm). 

of the cells cultured in IL-2-containing medium for 3 days were IL-2 receptor and 
transferrin receptor positive, while those cells cultured in the absence of IL-2 were 
essentially transferrin receptor negative. DNA synthesis was markedly enhanced in 
the IL-2-treated cells but not in those cells to which IL-2 was not added (Table 
III). 

3.5. Effect of Antibodies to the IL-2 Receptor and the Transferrin 
Receptor on DNA Synthesis and Cell Growth. 

Although functionally active IL-2 receptors must be present before transferrin 
receptors will appear, this in itself does not demonstrate that transferrin receptors 
are required for mitogenesis. To test this directly, we measured thymidine incor
poration (DNA synthesis) in cells where anti-Tac antibodies were added either pre
or post-transferrin receptor expression (6 and 48 hr post PHA, respectively) (Table 
IV). DNA synthesis was significantly reduced (15% of control) only when anti
Tac was added before transferrin receptors were expressed. When anti-Tac was 
added 48 hr post PHA, DNA synthesis was reduced by only 20%. Thus, the ability 

TABLE V. Effect of Anti-Transferrin Receptor Antibody (42/6) on PHA-Treated 
Lymphocytes8 •b 

Receptor-positive cells (%) 

Antibody added 

None 
Anti-Leu! 
Anti-transferrin 

receptor (42/6) 

IL-2 receptor 
(Tac+) 

86 
86 
55 

• Modified from Neckers and Cossman (1983). 

Transferrin receptor 
(OKT9+) 

63 
76 
6 

DNA synthesis 
(stimulation index) 

32 
28 
8 

b Antibodies (2 ",g/ml) were added 15 hr post PHA. Receptor-positive cells were determined 48 hr post PHA. DNA 
synthesis was measured 72 hr post PHA. The stimulation index was based on cells depleted of monocytes and kept 
in culture for 3 days with no further additions (300-400 cpm). 
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TABLE VI. Anti-Transferrin Receptor 
Antibody (42/6) Inhibits Growth of 

IL-2-0ependent T CelisB,b 

Additives 

None 
Mouse ascites 
Anti-transferrin receptor (42/6) 

Growth rate 
(X 1051ml) 

Expt I 

1.9 
1.7 
0.6 

Expt 2 

1.6 
1.7 
0.3 

, Modified from Neckers and Cossman (1983). 
b 42/6 or nonreactive mouse ascites (2 IJ.g/ml) were added to 

I x 10' cells in I ml. Cell counts were taken 72 hr later and 
growth rates determined as the increase in cell number per 
milliliter above I x 10'. 
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of anti-Tac antibody to inhibit DNA synthesis was closely correlated to its ability 
to block transferrin receptor induction, 

When anti-transferrin receptor antibody (42/6) was added to these cultures, it 
consistently reduced DNA synthesis by approximately 75% (Table V). These an
tibodies also appeared to modulate transferrin receptors off the surface of cells, for 
the receptors could no longer be detected by OKT9. IL-2 receptor expression was 
not significantly reduced under these conditions. As a control, a pan T-cell antibody, 
anti-Leul, when added to cultures, had no effect on either receptor expression or 
DNA synthesis. Thus, 42/6 antibody caused the disappearance of transferrin re
ceptors from the cell surface and greatly inhibited DNA synthesis, while leaving 
IL-2 receptors essentially unaffected. 

To test the growth-regulating potential of the transferrin receptor in the presence 
of excess IL-2, we added anti-transferrin receptor antibody (42/6) to cultures of IL-
2-dependent T cells seeded at 1 x 105 cells/ml in the presence of excess partially 
purified IL-2. Cells were counted 3 days later and antitransferrin receptor antibody 
was found to have nearly completely inhibited their growth (by 68 and 81 % in two 
experiments) (Table VI). Thus, even in the presence of excess IL-2, blockade of 
transferrin receptors inhibits the growth of IL-2-dependent T cells. 

3.6. Continued IL-2 Receptor Expression Requires the Expression 
of Transferrin Receptors 

In the experiments described in Fig. 1 and Table V, when transferrin receptors 
did not appear or were blocked by antibody, IL-2 receptor expression seemed to 
rapidly decline. In the last experiment, we tested whether maintenance of IL-2 
receptor expression actually required the continued presence of transferrin receptors. 

Lymphocytes were depleted of monocytes and cultured with PHA and IL-2 
either in the presence or absence of the anti-transferrin receptor antibody 42/6. 
TAC+ (IL-2 receptor positive) and OKT9+ (transferrin receptor positive) cells were 
determined on days 1 and 2 (Fig. 4). Prevention of transferrin receptor expression 
resulted in a rapid decline of the number of TAC+ cells on day 2 even though the 
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FIGURE 4. IL-2 receptor expression in the presence and absence of 4216.4216 (5 fLg/ml) was 
removed on day 2 of the experiment. Receptor-positive cells were determined by FACS analysis. 
Control cultures, e-e; 4216-treated cultures, .---•. 

number on day 1 was nearly the same as control. On day 2, 42/6 was washed out 
and the cultures continued for three more days. As OKT9 staining returned, the 
number of TAC+ cells increased above the day 2 value. Thus, blockade of the 
transferrin receptor prevented continued expression of the IL-2 receptor, even though 
initial expression was still permitted. Removal of the transferrin receptor blockade 
allowed for reexpression of the IL-2 receptor at the same time that transferrin 
receptors were being expressed. Given the fact that IL-2 receptors appear on cells 
before transferrin receptors, these data would suggest that IL-2 receptor maintenance 
is somehow dependent on continued transferrin receptor expression. 

4. DISCUSSION 

Our results demonstrate that transferrin receptor appearance on T cells is 
dependent on prior expression by the same cells of receptors for IL-2. Sequential 
expression of the two receptors is essential for DNA synthesis. The presence of 
monocytes or a monocyte-replacing factor (TPA) (Koretsky et al., 1982) is abso
lutely required for induction of both of these receptors. The interaction of IL-2 with 
its receptor leads to transferrin receptor expression. Furthermore, as shown in Fig. 
4, continued expression of IL-2 receptors depends on continued transferrin receptor 
expression; i.e., when transferrin receptors are blocked by antibody, IL-2 receptor 
expression is lost. Maximal DNA synthesis occurs only in the presence of serum 
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(once receptors have been expressed). Because transferrin can replace serum in 
mitogen-induced lymphocyte proliferation (Dillner-Centerlind et al., 1979), the 
requirement for serum in our system is presumably a requirement for transferrin (a 
major serum component). The low level of DNA synthesis observed in the absence 
of transferrin (but in the presence of monocytes) may be dependent on transferrin 
produced and secreted by the cultured lymphocytes themselves (Imrie and Mueller, 
1968). 

Recently, it has been proposed that IL-2 provides a signal necessary for ac
tivated lymphocytes to enter S phase (Maizel et al., 1981). Our data would suggest 
that induction of transferrin receptors is this signal. If transferrin receptors are 
blocked, DNA synthesis and cell growth are inhibited even in the presence of excess 
IL-2. The present study indicates that the growth-promoting effects of IL-2 are 
mediated via the induction of cell surface receptors for the serum glycoprotein 
transferrin. As transferrin is required by most, if not all, cells for proliferation 
(Barnes and Sato, 1980), it is intriguing to speculate that the role of cell-specific 
growth factors, such as TCGF, is to induce expression of a receptor for a universal 
growth factor, transferrin. Such a scheme would allow for specifically regulated 
proliferation of unique cells types through a common mechanism. Support for this 
concept comes from the ability of antibodies to the transferrin receptor to block the 
growth of cell lines derived from a number of different tissues (Neckers and Coss
man, 1982; Neckers, unpublished observations; Trowbridge and Lopez, 1982). We 
have preliminary data that B-cell growth factor functions in this way (Neckers et 
al., unpublished observations) and kidney proliferation and differentiation have 
recently been reported to require transferrin as well (with an initial step being prior 
sensitization of the tissue to transferrin by interaction with closely associated tissues, 
perhaps involving induction of transferrin receptors on the kidney cells) (Ekblom 
et al., 1983). Thus, transferrin receptor expression in specific tissues may be reg
ulated by tissue-specific growth factors (such as TCGF). 
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Part Ill-Chairman's Essay 

The Relationship of Terminology 
to Conceptualization 

JOOST J. OPPENHEIM 

Since all of you have heard or can read the papers in this volume, I do not consider 
it productive to actually summarize the session on "The Mechanisms of Action and 
Immune Regulation of Lymphokines and Thymic Hormones." Instead, I would like 
to discuss how a number of observations that were made during the meeting illustrate 
the crucial role that terminology can play in the process of conceptualization. The 
nomenclature with which we communicate our ideas can either stifle our ability to 
perceive new concepts or help to rapidly promulgate the acceptance of a new 
observation. 

This issue was actually brought to mind by Dr. Robert Gallo's provocative 
comments in his opening presentation on T-cell growth factor (TCGF). Dr. Gallo, 
for a number of reasons, vociferously objected to the fact that TCGF has been 
renamed "interleukin-2" (IL-2) by most immunologists. He pointed out that the 
major biological activity of TCGF/IL-2 is to induce T-cell proliferation. Since we 
have little or no knowledge as to the mechanism of action of this factor, it is 
presumptuous to name it on any basis other than its major biological activity. The 
idea that TCGF/IL2 acts on a variety of leukocytes has not actually been borne out 
by the experimental data, and even the concept that it is induced by interleukin-I 
(IL-I), and therefore acts in sequence with that monocyte-derived factor, is ques
tioned by some investigators. 

The proposal to rename TCGF "IL-2" was made by a group of immunologists 
at the Second International Lymphokine Workshop in Ermatingen, Switzerland, in 

JOOST J. OPPENHEIM • Laboratory of Molecular Immunoregulation, Biological Response Mod
ifiers Program, Division of Cancer Treatment, NCI-Frederick Cancer Research Facility, Frederick, 
Maryland 21701. 

395 



396 JOOST J. OPPENHEIM 

1979, in an effort to reduce the existing tenninological redundancies. A number of 
factors which were named by immunologists on the basis of their various biological 
activities, were observed to share the biological activities and biochemical char
acteristics of TCGF. Based on these observations, it was proposed that an umbrella 
tenn such as "IL-2" could encompass the older descriptive tenns (Aarden et ai., 
1979). "IL-2" was proposed to include a factor that was tenned "thymocyte-stim
ulating factor" (TSF) , a helper factor (HF) that augmented B-cell antibody pro
duction, a killer helper factor (KHF) that promoted cytotoxic lymphocyte activities, 
as well as TCGF, all of which cochromatographed and were active in all the 
bioassays. 

On the other hand, Dr. Gallo is quite right in pointing out that some of these 
activities are biologically indistinguishable (e.g., TSF and TCGF) and that the other 
biological effects of TCGF/IL-2 have been shown to be indirect (e.g., HF and 
KHF) and are in reality based on the clonal expansion of lymphocytes induced by 
TCGF. In addition, the HF and KHF activities have been shown to be mediated 
by factors other than TCGF. Therefore, some of the reasons for renaming TCGF 
"IL-2" have not been supported by experimental findings. In retrospect, in the 
absence of more complete knowledge regarding the functional and biochemical 
characteristics of TCGF, it was probably premature to rename it. In addition, I can 
appreciate that the scientists who discovered TCGF as well as those who first 
described lymphocyte-activating factor (LAF), which was renamed "IL-l" at the 
same meeting, may have serious reservations regarding the changes in nomenclature. 

There are a number of compelling reasons, however, for not rejecting the 
revised tenninology at this time. The scientific reasons are as follows. (1) A for
tuitous but relevant series of observations made by many laboratories since the 
Second Lymphokine Workshop clearly documents that one of the many activities 
that can be ascribed to IL-I is that it induces lymphocytes to produce IL-2; thus, 
these factors appear to exhibit a sequential relationship. (2) Renaming LAF "IL
I" appears to be more readily justifiable because IL-I clearly appears to have many 
more biological activities on diverse target cells than does IL-2. As Dr. Steven 
Mizel pointed out in his presentation, IL-I appears to induce fever and stimulates 
fibroblasts, hepatocytes, and B lymphocytes, as well as T lymphocytes, and there
fore, strictly speaking, functions as more than an "interleukin" (Oppenheim and 
Gery, 1982). However, T lymphocytes are also not the only target of IL-2, since 
IL-2 also stimulates the growth and functional activities of large granular lympho
cytes (LGL) with natural killer (NK) activity (Timonen et ai., 1982). IL-2 is also 
produced by a subset of NK cells as well as T lymphocytes (Kasahara et ai., 1983). 
Therefore, IL-2 is not limited to classic T lymphocytes in its activities and pro
duction. 

There are also several nonscientific reasons for the continued use of the in
terleukin nomenclature. Obviously, one of the major purposes of tenninology is to 
foster communication, and since all four tenns, i.e., TCGF/IL-2 and LAF/IL-l, 
are widely recognized, they fulfill that need. These tenns should not be abolished 
by decree but should be allowed to disappear by attrition in true Darwinian fashion 
when they are no longer useful and are replaced by more appropriate tenns based 
on better data. For the same reason, namely respect for usage, even though IL-2 
induced the production of lymphocyte-derived 'Y-interferon, to advocate that the 
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interferon terminology should be replaced with the term "IL -3" would perturb 
many investigators, especially Dr. Jim Ihle, who, as is well known, has christened 
his factor "IL-3." Despite the fact that many investigators contend that IL-3 which 
is actually a colony stimulating factor, may not be the most appropriate name for 
Dr. Ihle's factor since this now represents a well-known acronym, for the sake of 
good communication, the use of "IL-3" can be continued. Ironically, the contro
versies that have been generated by the interleukin terminology have had the ben
eficial, albeit irrational, effect of focusing considerable scientific interest on these 
cytokines. We therefore have unexpectedly benefited from the controversy, since 
it has promoted increased experimental study of the properties and relevance of 
these factors. 

The issue of terminology is also critical to a number of the presentations at 
this meeting. The session was highlighted by several reports that may necessitate 
some drastic changes in our present thinking and a conceptual redefinition of several 
of the cytokine activities that were discussed. For example, the findings of N. Hall 
and R. Rebar that the so-called thymic peptides that Allan Goldstein has extracted 
from thymus glands act directly on the eNS to regulate hypothalamic-pituitary 
functions certainly require a redefinition of the role of these thymic factors. On the 
basis of their thymic source, it is logical to propose that the thymic peptides may 
provide a link between the immune and neuroendocrine systems. However, the fact 
that these peptides are recovered from the thymus may be entirely fortuitous. We 
have to beware of being rigidified by the "thymic" term, and we may have to accept 
that the immunological role of the peptides may actually be minor but that these 
peptides may be analogs of important eNS signals. Regardless of what future data 
will reveal, we must also accept the reality that the immune function is not isolated 
but is intricately interdigitated with other physiological functions. 

The issue of terminology also is of vital concern to the observation of Dr. 
Charles Evans that a factor(s) that is identical or closely related to lymphotoxin 
(LT), rather than merely being cytotoxic for L929 target cells, may actually have 
a much more general antitumor role. Dr. Evans' data revealed that a factor(s) that 
chromatographs close to or along with LT is able to inhibit chemically or radiation
induced neoplastic transformation of cells and act synergistically with NK cells to 
lyse tumor cells. These observations certainly demand a redefinition of our previ
ously rather limited concept of LT, which could be achieved by rechristening the 
factor(s). However, Dr. Evans has wisely decided that more data are needed re
garding the biochemical properties of these anticarcinogenic activities to more 
precisely define their molecular relationship to L T before any new acronyms are 
generated. Once again, his paper serves to illustrate how terminology can inhibit 
conceptual changes: because LT was defined as having very limited functions, most 
investigators question its relevance. Fortunately, Dr. Evans' ability to redefine the 
role of LT even without any change in terminology should rekindle interest in this 
lymphokine. 

It is fitting that this essay conclude with a comment regarding Dr. Clemens 
Sorg's studies of the "granddaddy" of the lymphokines, macrophage migration 
inhibitory factor (MIF). Dr. Sorg's data also suggest that the primary role of classical 
MIF may not be comprised by its name. For the past 18 years, MIF has been 
defined as an inhibitor of mobility. Now we finally hear the refreshing news from 
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Dr. Sorg that MIF may signal macrophages to differentiate. Perhaps MIF should 
be renamed "macrophage differentiation factor," but what is really needed is a 
drastic renovation of our fossilized concept of this classic lymphokine rather than 
a change in its name. 

In conclusion, although nomenclature functions to promote communication, it 
can actually impede acceptance of change especially in the case of descriptive 
terms. At times a change in nomenclature is needed to draw the attention of fellow 
scientists to a new scientific finding or concept. Changes in terminology or appro
priate choice of a name may galvanize interest in new ideas and observations. 
However, arbitrary changes in terminology are not acceptable, since they may 
confuse rather than simplify issues. As illustrated in this essay, there are certain 
prerequisites for changes in nomenclature, such as evidence of biochemical, rather 
than merely biological uniqueness; data regarding the relationship of the entity to 
other biological activities; and a consensus among scientists actively engaged in 
the relevant studies. Until a factor has been purified and its activities identified, it 
is appropriate to name it descriptively on the basis of its biological activities. On 
the other hand, once a number of biological activities can be ascribed to a single 
biochemical entity, the concerned investigators should consider devising an appro
priate term for the entity within the existing system of nomenclature, rather than 
continuing to use a multiplicity of descriptive terms. 
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Phase I Trial of Intravenous 
Lymphokine MAF 
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1. INTRODUCTION 

Preparation of large enough quantities of purified, chemically characterized bio
logical response modifiers (BRMs) has required years of preparative and analytic 
studies leading to isolation and characterization of biologically active, pure peptides. 
Prior to the presently limited use of such peptides, phase I studies were carried out 
to determine biological effects of more complex preparations in patients, as in the 
case of human leukocyte interferon (Strander et ai., 1973) and thymosin fraction 
5 (Costanzi et ai., 1977). Complex lymphokine fractions have been used for in
ducing local skin inflammatory reactions (Papermaster et ai., 1976) and to treat 
dermal tumor lesions by direct intralesional injection (Paradinas et ai., 1982) and 
also have been administered intravenously by Dumonde et ai. (1981) to patients 
with disseminated cancer at low to moderate doses [1-2 m1 delivering a total of 70 
mg protein (Organon preparation)] and roughly equivalent to our unitage of between 
200 and 500 units (Paradinas et ai., 1982). 

We report here a phase I study of a MAP lymphokine containing supernatant 
preparation from the lymphoblastoid cell line RPMI 1788 (Papermaster et ai., 1976). 
The objectives of the study were to (1) determine any toxicity of administered 
lymphokine preparations and, in particular, side effects on major organ systems 
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(Le., hematological, renal, hepatic, and CNS); (2) evaluate local cutaneous inflam
matory reactions at the injection site; and (3) define a maximum tolerable dose 
necessary to enhance cell-mediated immunity reactions by subcutaneous and intra
venous administration. Overall, the preparations were well tolerated, inducing pos
itive changes in peripheral blood neutrophil, lymphocyte, and monocyte responses, 
and inducing reversal of previously negative microbial antigen recall skin test test 
reactions. 

The major criticism of these studies has been the availability of a consistent 
method for preparation of purified lymphokines. Preparation of purified, chemically 
characterized BRMs in large enough quantities for biological and clinical studies 
has only been achieved, practically, for thymosin al and a- and J3-interferon to 
date. These achievements required years of preparative and analytical studies leading 
to the isolation and characterization of biologically active pure peptides from com
plex starting preparations of cell culture supernatants. Recently, pure peptides of 
these BRMs have been produced by direct chemical synthesis or recombinant DNA 
technology in E. coli (Pestka et al., 1981). An a-interferon preparation, Wellferon. 
has been purified to 95% homogeneity from supernatants of the NAMALWA lym
phoblastoid cell line (Sarna et al., 1983). Thus, there is much information that can 
be gained from a consistent cell line source in preliminary characterization and 
bioassay development for complex supernatant preparations which can be purified 
to increasing levels of specific activity for any given lymphokine. 

MAP have been summarized recently. Characterization has been hampered by 
even greater assay problems than with MIF. Assays for MAF are more complex 
and variable in readout than those for MIF. Less agreement exists on their acceptance 
and standardization. However, nearly all investigators in the field agree that one 
assay necessary to test MAP is the macrophage-mediated cytotoxic assay, various 
types of which have been discussed by Nathan et al. (1971), David (1975), Piessens 
et al. (1975), and Fidler et al. (1976). 

Recently, Kniep et al. (1981) have claimed to have separated MAF from MIF 
on the basis of isoelectric focusing in urea and Ultragel chromatography. McDaniel 
(1980) has described multiple molecular species of human MAF in 6 M guanidine. 
Pace et al. (1981) have pointed out the role of endotoxin and prostaglandins as 
factors in macrophage activation and expression. Both Sorg (1982) and Ruco and 
Meltzer (1978) have stressed the qualitatively different stages of differentiation 
necessary for macrophage-mediated tumor cell killings. 

The problem involves characterizing polypeptide chains of complex lympho
kine molecules which, like toxins and hormones, may have different subunits for 
attachment and induction of response. In addition, it appears that the target cells 
must be at an appropriate stage of differentiation to carry receptors or they must 
be encapsulated in liposomes in order to bypass receptors in the absence of any 
requirement for antigenic stimulation. Preparations from cell line 1788 have been 
used to study skin inflammatory reactions following direct intradermal injection in 
humans and guinea pigs (Rios et al., 1979), local tumor regression in cancer patients 
with dermal metastases, tumor-bearing mice, and parenterally in patients with dis
seminated cancers (Dumonde et al., 1981). 
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2. MATERIALS AND METHODS 

MAF was obtained as the partially purified supernatant from the culture of 
RPMI 1788 human lymphoblastoid cells grown in RPMI 1640 medium containing 
2% human serum at a density of 1.5 x 106 celUml. Techniques of culture, puri
fication, standardization, and characterization have been described (McEntire et 
al., 1981). MAF has been described (Dunn et al., 1982) and induces phagocytosis, 
macrophage-mediated cytotoxicity in mouse and human target cells, and lysosomal 
hydrolase activity in macrophages. Each vial of MAF was stoppered and tested for 
sterility and endotoxin. The resultant biological preparation is known to contain 
lymphotoxin but is essentially free of interferon. Each dose of MAF was reconsti
tuted first in 10 ml of normal saline and then injected into 250 ml normal saline 
for administration as a 4-hr infusion. 

Each patient entered on the study met the requirements of having histologically 
proven metastatic cancer, absence of reasonable acceptable alternative therapy, and 
a detailed informed consent process. The affixation of the signature of the patient 
on the informed consent document was permitted only after it was clear that the 
patient understood all aspects of alternative treatments, potential anticipated tox
icities, dose schedules, the research nature of the study, and the lack of prior 
treatment studies on which to base information with regard to toxicity and/or re
sponse. Both the treatment protocol and the consent form had approval of the 
Institutional Review Board and the Joint Research Committee of Ellis Fischel State 
Cancer Center and Cancer Research Center. The protocol had received prior ap
proval by the Biological Response Modifiers Division of the National Cancer In
stitute and was carried out under IND No. BB-1584 issued by the FDA. Each 
treatment was given with continuous cardiac monitoring in the Intensive Care Unit 
(lCU) as a precautionary measure for the treatment of sudden life-threatening tox
icities. 

Pretreatment laboratory analysis included white blood cell count, differential 
count, hemoglobin, hematocrit, platelet count, reticulocyte count, serum protein 
electrophoresis, serum immunoglobulin determination, peripheral B cells by im
munoglobulin staining, T cells by E-rosette formation, BUN, creatinine, glucose, 
uric acid, total protein, albumin, calcium, LDH with isoenzymes, CPK with iso-

TABLE I. Schedule of Doses Given in Preliminary MAF Trial 

Dose of MAF administered (ml) 

Day Day Day Day Day Day 
I 3 5 8 10 12 

Patient No. I (see text) 10 10 
Patient No.2 10 15 20 40 17 17 
Patient No. 3 10 15 20 40 65 100 
Patient No.4 10 15 20 40 70 100 
Patient No.5 10 15 20 40 70 100 
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TABLEII. Initial Laboratory Data on Five Patients Treated with Intravenous MAF 
in This Study 

Baseline data 

Patient Patient Patient Patient Patient 
No. No. No. No. No. 

Laboratory test I 2 3 4 5 

Complete blood count 
WBC (X 1000 mm3) 8.0 5.7 4.5 4.3 8.2 

Neutrophils (%) 81 71 78 86 72 
Lymphocytes (%) 6 6 16 6 14 
Monocytes (%) 10 16 6 2 5 
Eosinophils (%) 3 7 0 10 9 
Basophils (%) 0 0 0 0 0 

Hemoglobin (g/dl) 9.7 12.1 12.5 13.7 11.7 
Hematocrit (vol%) 28 36 38 42 34 
Reticulocytes (%) 1.6 0.8 1.2 0.8 0.8 
Platelets (X 1000 mm3) 259 267 188 96 297 

Chemistries 
BUN (mg/dl) 14 21 10 16 24 
Creatinine (mg/dl) 0.8 0.8 1.2 1.3 1.2 
Glucose (mg/dl) 102 94 85 74 88 
Uric acid (mg/dl) 6.8 6.8 2.9 6.7 6.4 
Total protein (g/dl) 7.1 6.8 6.1 7.2 7.7 
Albumin (g/dl) 4.1 3.8 2.4 4.8 3.8 
Calcium (mg/dl) 9.4 8.9 9.9 9.0 9.5 
Total bilirubin (mg/dl) 0.3 0.5 0.9 1.0 0.3 
Alkaline phosphatase (Lu.) 196 105 70 98 123 
SGPT (Lu.) 26 18 33 26 19 
GGTP (Lu.) 327 34 16 168 20 

enzymes, total bilirubin, alkaline phosphatase, SGOT, SGTP, fasting AM cortisol, 
serum iron, serum magnesium, serum zinc, serum copper, serum sodium, serum 
chloride, serum potassium, serum bicarbonate, C-reactive protein, TSH, T3 uptake, 
T4, T4 index, EKG, MAF, MAF skin test, and delayed hypersensitivity skin tests 
with mumps, PPD, dermatophytin, and histoplasmin. Skin tests were read as er-

TABLE III. Hematological Parameters 

Pretreatment Posttreatment 

Mean WBC 6.140 7.240 
Mean absolute neutrophils (x 1000 mm3) 4.728 5.080 
Mean absolute lymphocytes (X 1000 mm3) 590 981 
Mean absolute mononuclears ( x 1000 mm') 1.085 1.448 
Mean hemoglobin (gldl) 11.9 10.7 
Mean hematocrit (vol %) 36 33 
Mean platelets (X 1000 mm3) 221 227 
Mean reticulocytes (%) l.l 1.3 

% change 

+17.9 
+7.4 

+68.0 
+33.5 
-10.1 
-8.3 
+2.7 

+18.2 
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TABLE IV. Serum Chemistry Results 

% 
Test Pretreatment Posttreatment change 

Creatinine 1.06 1.04 -1.9 
BUN 17 17 0 
Fasting glucose 89 93 -4.5 
Uric acid 5.9 5.1 -13.6 
Calcium 9.1 8.4 -7.7 
Total bilirubin 0.6 0.5 -16.7 
Alkaline phosphatase ll8 97 -16.9 
SOOT 24 19 -20.8 
'Y-GTP 93 94 +l.l 
Iron 97 232 + 139.2 
Magnesium 1.7 2.3 +35.3 
Zinc 76 72 -7.2 
Copper 185 191 +3.2 
Total LDH 164 165 +0.6 

% LDH-l 18 18.5 +2.8 
% LDH-2 28.5 32.5 +14.0 
% LDH-3 21.5 21 -2.3 
% LDH-4 16 14 -12.5 
% LDH-5 16 14 -12.5 

Total CPK 91 
% MM (CPK-3) 100 

TABLE V. Immunological Studies 

% 
Pretreatment Posttreatment change 

Serum protein electrophoresis 
Total protein 6.7 6.9 +3.0 
Albumin 2.4 2.2 -8.3 
a-I 0.4 0.6 +50.0 
a-2 l.l 1.4 +27.3 
(3-1 0.8 0.9 +12.5 
(3-2 0.5 0.6 +20.0 

'Y 1.5 1.5 0 
Immunoelectrophoresis 

IgG 851 983 + 15.5 
IgA 225 259 + 1.8 
IgM 97 ll7 +20.6 

Absolute B cells 140 188 +34.3 
Absolute T cells 279 245 -12.2 
Absolute null cells 391 693 +77.2 
% positive Iymphokine skin test 80 80 0 
Mean positive delayed 1.2 1.5 +25.0 

hypersensitivity skin tests 
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TABLE VI. Hormonal Observations 

% 
Pretreatment Posttreatment change 

TSH 4.0 6.0 +50 
T3 uptake 46 47 +2.2 
T4 7.8 8.7 + ll.5 
T4 index 1.3 1.4 +7.7 
ACTH 19 
Cortisol 22 19 -13.6 
PTH 

ythema and induration at 12, 24, 48, and 72 hr. ACTH and PTH were measured 
in three patients. The complete blood count, serum chemistries, serum iron, serum 
cortisol, TSH, PTH, serum zinc, serum copper, serum magnesium, C-reactive 
protein, isoenzymes of alkaline phosphatase, LDH, serum protein electrophoresis 
and serum immunoglobulins were measured at 24 hr in selected patients. All studies 
were repeated at the completion of the six treatments, given on an alternate-day 
basis over a 12-day period. Because of the volume of blood needed to perform 
each test, some variations in the requirements were permitted to help minimize the 
degree of anemia. This was done because of the presence of underlying organic 
heart disease in four of the five patients. The results of these tests are given in 
Tables I-VI. 

3. CASE HISTORIES 

Patient No.1. An otherwise healthy 34-year-old white female was diagnosed 
as having breast cancer in June 1981, at which time seven of eight axillary nodes 
were involved with tumor. The estrogen receptor assay on the primary tumor was 
negative. She was treated with cyclophosphamide, methotrexate, fluorouracil, vin
cristine, and prednisone for 3 months but developed recurrent skin nodules; there
fore, she was then treated with doxorubicin, mitomycin C, and cyclophosphamide 
without response. In June 1982, she received 4080 rads ofradiotherapy to the chest 
wall. In October 1982, she was treated with 'V-interferon without response. In 
December 1982, she was found to have metastatic disease to multiple skin sites, 
lung, bone, and liver. She was treated with dihydroxyanthracenedione and vinco
leukoblastine, but the disease progressed. A trial of tamoxifen was given and, at 
her insistence, she was then treated with MAF. Initially, 10 ml was given intra
dermally, in divided doses, in rosette fashion about the skin lesions. This treatment 
was associated with greater than 50% shrinkage of two of five skin nodules, but 
with the remaining three nodules demonstrating an increase in tumor size. The same 
dose of MAF was given on five additional occasions over a 12-day span, with 
increasing increments of the dose being given intramuscularly. She developed both 
increased existing tumor growth and new metastatic lesions. She was then given 
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10 ml intravenous lymphokine on January 20 and 25, 1983. Pre- and posttreatment 
studies were obtained and are included in the tables of this paper. The intravenous 
MAF was given as shown in Table I. She experienced one shaking chill, which 
lasted several minutes, with the second infusion as well as a temperature elevation 
to 99°F lasting about 3 hr. No other adverse reactions were noted. She was then 
given 50 ml MAF intradermally and intramuscularly over a 9-day span giving a 
total administered MAF dose of 130 ml over a period of 37 days. While the two 
responding skin lesions remained small, the disease otherwise progressed and she 
died of pulmonary tumor involvement that was confirmed by autopsy. 

Patient No.2. An 83-year-old white female had wide excision of the right 
upper arm for Clark's Level IV malignant melanoma in August 1980. Between 
January 1981 and March 1982, she had seven local excisions for recurrent mela
noma. Between July 31, 1981, and August 31, 1981, she also received 4200 rads 
of radiotherapy to the right shoulder area. She declined chemotherapy on repeated 
occasions. In July 1982, she was found to have bone and cutaneous metastases. 
The mUltiple skin lesions gradually increased in size and in January 1983, she was 
also found to have pulmonary metastases. She had a past history of hypertension, 
Parkinson's disease, old anterioseptal myocardial infarction, left ventricular hy
pertrophy with strain, first degree A V block, intra-atrial conduction delay, intra
ventricular conduction delay, and ST-T wave changes. She expressed a desire for 
alternative therapy and these were discussed with her. At the time, the left shoulder 
cutaneous lesion measured 4.0 x 3.5 cm in perpendicular transverse diameters and 
the right shoulder cutaneous lesion measured 5.0 x 5.0 cm, with each lesion 2.0 
em thick. She elected to receive intravenous MAF therapy and this was begun on 
February 9, 1983 (Table I). The plan was to give alternate-day treatments for six 
doses, in increasing doses of 10, 15, 20, 40, 70, and 100 ml MAF. On day 10, 
after 17 ml of a planned 70-ml dose was given, she experienced severe shaking 
chills, abdominal bloating, and temperature elevation to 102.6°F, lasting 2 hr. Two 
days later, this dose was repeated using an 8-hr infusion, and while associated with 
a transient temperature elevation of 101°F and mild abdominal bloating, there were 
no shaking chills and the treatment was well tolerated. No other toxicity was noted. 
She was discharged and followed in the outpatient department. When seen on 
February 22, 1983, there was no palpable tumor mass on the right shoulder and 
the left shoulder mass measured 3.0 x 2.0 cm. No change could be detected by 
chest X-ray of a left pulmonary nodule. She continues in partial tumor regression 
(PR) status 2 months following treatment, having received a total of 119 ml MAF. 

Patient No.3. A 57-year-old white female was diagnosed as having stage III 
bilateral adenocarcinoma of the ovaries in February 1975. She was treated with 
4500 rads to the whole abdomen in March 1975; alkeran between June 1975 and 
October 1978; hexamethylmelamine between November 1978 and November 1979; 
cis-platinum plus doxorubicin plus cyclophosphamide between February 1982 and 
May 1982; fluorouracil plus alkeran between June 1982 and August 1982; and no 
therapy in spite of progressive disease between that time and February 1983. She 
developed persistent chronic diarrhea following radiotherapy and the electrocardio
gram showed occasional premature atrial contractions. Physical examination re-
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vealed an easily palpable lower abdominal mass that measured 11.0 x 8.0 cm in 
perpendicular transverse diameters. 

She was treated with gradually increasing doses of MAF on alternate days 
(Table I) over a 12-day period. On day 10, after receiving 65 mI of a planned 70 
mI of MAF, she developed shaking chills and a fever to loo.6°F, which lasted less 
than I hr. On day 12, she was given the planned increment of 100 ml MAF, as an 
8-hr intravenous infusion, without fever or chills. No other side effects were noted. 
She was discharged and followed in clinic and has stable disease 2 months following 
therapy. 

Patient No.4. A 61-year-old white male had an anterior resection for Duke's 
B-2 adenocarcinoma of the colon. On March 10, 1981, he was found to have liver 
metastases at the time of exploratory surgery. He was treated with radiation therapy 
between May 1, 1981, and June 16, 1981, and with FUDR plus mitomycin che
motherapy from June 20, 1982, to November 16, 1982. He had a history of inferior 
myocardial infarction, prolonged QT interval and premature ventricular contractions 
for which he took quinidine, hypertension, and Parkinson's disease for which he 
took L-Dopa. The CEA gradually increased from 18 in May 1982 to 198 in February 
1983. The SGOT and GGTP became more abnormal and the radioisotope liver 
scan showed enlarging masses. Additional chemotherapy was not indicated because 
of persistent thrombocytopenia and bone marrow hypoplasia secondary to prior 
therapy with mitomycin. MAF treatment was given as six 4-hr infusions on days 
1,3,5,8, 10, and 12 in increasing increments of 10, 15,20,40,70, and 100 mI, 
respectively (Table I). No side effects were noted. He was discharged and remains 
stable 2 months after treatment. 

Patient No.5. An 80-year-old white male had a resection of a malignant 
fibrous histiocytoma from the left deltoid region in September 1976. He was treated 
with 5000 rads of radiation therapy to the local area. He was then noted to have a 
lung nodule and was treated with vincristine, actinomycin, and cyclophosphamide 
with temporary regression of the lesion. He was next treated with DTIC and dox
orubicin with regression of the lung lesion for 13 months, lasting until January 
1981. He had a thoracotomy with wedge resection of a metastatic lesion in March 
1981. Multiple pulmonary nodules were noted in March 1982 and gradually in
creased in both size and number until February 1983. He had a history of chronic 
obstructive pulmonary disease, premature ventricular contractions, wandering atrial 
pacemaker, left axis deviation, nonspecific ST-T changes, intraventricular conduc
tion defect, and hypertension. The creatinine was 1.2 mg/dl, BUN 24 mg/dl, and 
serum alkaline phosphatase elevated to 123 units (normal 36-90). The liver-spleen 
and bone scans were normal. The metastatic bone series was also normal. He was 
treated with MAF using the same schedule as patient No.4. No toxicities were 
observed and he has remained stable 2 months after treatment. 

4. DISCUSSION 

We were pleased with the relative lack of toxicity in this group of high-risk 
patients who had received large amounts of prior treatment. Patient No. 1 had no 
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toxicity from the intravenous MAF. At the time of the initial dose of intradennal 
injection, she developed malaise and a low-grade fever of 99°F, lasting about 3 
days. These symptoms did not recur in spite of repeated MAF injections by various 
systemic routes and were, therefore, most likely related to a concurrent viral illness. 
Patient No.2 developed the most severe symptoms. On the fifth treatment day, she 
developed severe shaking chills followed by a temperature elevation of 102.6°F 
and abdominal bloating after 17 ml of MAF had been given. Treatment was stopped 
and all symptoms subsided within 2 hr. The dose was repeated as an 8-hr infusion 
2 days later, and the resulting symptoms were much less severe. No shaking chill 
developed, although she did develop a fever of 101°F and had mild abdominal 
bloating. These symptoms again subsided within 2 hr. Additional treatment was 
not given as she had completed the planned course of six MAF infusions in the 
prescribed period of time. Patient No.3 developed chills and fever to lOO.6°F on 
day 10 of the 12-day scheduled infusion period, with symptoms lasting about I hr. 
The final dose was escalated and given as an 8-hr infusion without the appearance 
of these or other signs of toxicity. Patients No.4 and No.5 had no toxicity. 

Unlike phase I studies of new chemotherapy agents, the effectiveness of BRMs 
may not be related to the maximum tolerable dose. As biological effectiveness may 
be detectable by laboratory parameters before a clinical response in tumor reduction 
is observed, laboratory studies that reflect these potential changes need to be care
fully correlated with each dose level and schedule used. We chose to use MAF as 
our unit of measurement both because of its acceptance as a unit of biological 
measurement and because of our expertise in this area. While we would have 
preferred to use a different therapeutic approach, the cost of production and the 
cost of the performance of laboratory analysis prevented this from being done. As 
we analyzed the situation, there were two issues that needed to be addressed. The 
first was whether the treatment would be tolerated, and the second was whether a 
biological effect could be detected. The answer to both of these questions seems 
to be yes, and we can now address other issues in the use of this product in the 
treatment of cancer. As cases with a high tumor burden are not likely to be ideal 
candidates for treatment with BRMs, emphasis in other MAF studies will concentrate 
on the documentation of biological effectiveness as measured by the various tests 
of the immune and endocrine systems. The response in the patient with far advanced 
malignant melanoma (patient No.2) is gratifying, but responses of this type should 
not be the only emphasis placed on future studies. 

The present study suggests that MAF, as measured in this manner, may be 
only one of several measurements that need to be perfonned as potential indicators 
of effective treatment. A wide variety of laboratory tests have been developed at 
various centers throughout the world. In addition, several commonly used laboratory 
studies appear to reflect important biological changes resulting from treatment. 
Although the number of patients studied in our series is too small to draw conclusions 
that are statistically significant, the observations strongly suggest that there are 
important immunological and endocrinological effects that need additional inves
tigations. The fall in the serum iron and the fasting plasma cortisol 24 hr after the 
initiation of treatment have been observed by Dumonde et al. (1981). In our studies, 
we made additional measurements of these parameters and found that the values 
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return to nonnal either as treatment continues or after cessation of treatment. The 
cause for the fall in serum iron may represent an increase in plasma clearance, but 
this appears to be a transient phenomenon for the serum iron appears to return to 
nonnal within 2 weeks, and subsequent measurements suggest that there is an 
increase in iron binding by transferrin. The fall in serum cortisol may be related 
to a CNS effect for random measurements of ACTH have shown values that are 
lower than those nonnally found in healthy persons. None of the patients in this 
study had any evidence of adrenal or pituitary malfunction, although these glands 
were not specifically evaluated in this study. 

The fall in serum calcium and serum alkaline phosphatase suggest an effect 
on parathyroid honnone. The two measurements of this honnone showed nonnal 
values. Future attention to this relationship should also focus on the potential action 
at the osteoclast and osteoblast level, although the kidney and liver may theoretically 
be involved if these observations prove to be valid. 

The changes in thyroid function are subtle but suggest that there is either an 
effect on the hypothalamus or a direct stimulation ofTSH. The increase in thyroxine 
(T 4) giving an elevation in the T 4 index without increasing the T 3 uptake remains 
to be explained. Other observations or changes in blood chemistry measurements 
are also interesting, but the discussion is beyond the scope of this paper and should 
be analyzed in future studies. 

The immunological studies are of special interest as they more closely reflect 
the known relationship of the BRMs on the growth and development of cancer. 
While there was an increase in the total white blood cell count, the major portion 
of this increase was found to be due to the increase in circulating lymphocytes and 
monocytes. The fall in hemoglobin was attributed to the extensive laboratory anal
ysis that was perfonned, and as none of the patients became symptomatic in spite 
of known underlying heart disease in most instances, we elected to follow this 
parameter without clouding the issue by administering either packed red cells or 
whole blood transfusions. The increase in lymphocytes was found to be initially 
due to an increase in both B lymphocytes and null cells and a slight fall in T 
lymphocytes as measured by sheep cell rosette fonnation. The detennination of 
various subsets of the lymphocyte populations was not done in this study but 
represents a worthy area for future investigation. Lymphocyte measurements made 
1 month after therapy with MAF suggest that the absolute numbers of T cells and 
null cells return to nonnal while the number of B cells continue to increase. Ad
ditional follow-up is indicated to observe this pattern so that the duration of future 
studies can be planned. The same is true of the observations made with regard to 
the serum protein electrophoresis and the serum immunoglobulins. 

We chose doses of MAF that were felt likely to produce an upper level of 
acceptable toxicity, but such was not the case. Our fears of the potential toxic 
effects of intravenous MAF proved to be unfounded. Furthennore in three patients 
(Nos. 1, 2, and 3), the adverse symptoms of fever and shaking chills were signif
icantly reduced by simply prolonging the rate of infusion. In one instance, an 
increase in dose (patient No.3) was successfully given without a recurrence of 
these symptoms. We had also been wary that adverse cardiac problems might be 
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encountered. Therefore, we were pleased when none developed in spite of the 
presence of underlying heart disease in the majority of our cases. 

The administration of intravenous MAF has, therefore, been shown to be 
relatively safe, although similar precautions should be taken in future studies. The 
demonstration of in vivo changes that may reflect beneficial antitumor effects is 
encouraging. The additional preliminary observations that the MAF effect may 
involve other important body symptoms open up a new area for potential study. 
The remarkable response in our patient with advanced malignant melanoma gave 
us an unexpected boost in the hope that the pursuit of further studies of this product 
will result in additional beneficial tumor responses. 

In future studies, we plan to pursue both concepts that are usually accepted 
as the basis for phase I and phase II studies of BRMs. While it is desirable that 
the tolerable toxic dose be determined, it is clear from this study that such levels 
may not be the final factor in obtaining the desired biological and, therefore, 
antitumor effect. 
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Interaction of Thymic Hormones 
with Prostaglandins 

ENRICO GARACI, CARTESIO FA VALLI , and 
CRISTINA RINALDI-GARACI 

1. INTRODUCTION 

Prostaglandins have been implicated as possible mediators of the biological activity 
of thymic factors. Our recent studies reported that thymic hormones [i.e., thymosin 
fraction S(TFS) and thymosin ad restore lowered thymic functions, such as serum 
thymic-like activity (ST A) and azathioprine (AZ) sensitivity of spontaneous rosette
forming cells (sRFC), when administered to adult thymectomized (ATx) mice (Gar
aci et al., 1981; Rinaldi-Garaci et al., 1982, 1983a). This effect was completely 
abolished by indomethacin administration, which is a potent inhibitor of prosta
glandin biosynthesis. These data suggested that the action of thymic hormones 
would require prostaglandin biosynthesis. 

The present report illustrates our studies on the ability of a synthetic analog 
of PGE2 [16,16-dimethyl-PGEz-methyl ester (di-M-PGE2)], acting via PGE2 bio
synthesis, to mimic the effect of thymic hormones (i.e., induction of STA and AZ
sensitive sRFC) when administered to ATx mice. 

Furthermore, we report the results of a study of the mechanism of action of 
thymic factors on lymphocytes, showing that TFS and thymosin at were able to 
induce an early release of PGE2 by immature lymphocytes, such as spleen cells 
collected from ATx mice and thymocytes. 

ENRICO GARACI and CARTESIO FAVALLI • Department of Experimental Medicine, 2° Rome 
University, 00173 Rome, Italy. CRISTINA RINALDI·GARACI • Institute of General Pathology, 
1° Rome University, 00173 Rome, Italy. 
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2. MATERIALS AND METHODS 

Animals. Male, 4-week-old C57BU6 Cr strain mice were obtained from Charles 
River, Calco, Milan, Italy. 

Thymectomy.Thymus removal was performed by suction technique after anes
thesia with ether. The animals were employed 20 days after the operation. The 
absence of thymic remnants was always verified macroscopically when the mice 
were killed. 

Drugs. di-M-PG~ (Upjohn Co., Kalamazoo, Mich.) and indomethacin (Sigma, 
St. Louis, Mo) were dissolved in absolute ethanol (10 mg/ml) and kept at - 20°C. 
For injection the drugs were diluted in sterile 0.9% NaCI solution to the desired 
concentration and injected i.p. in a total volume of 10 mllkg. Control mice were 
injected with I % ethanol solution alone. Stock solutions of TF5 and thymosin 0:1 

(Hoffmann-LaRoche, Nutley, N.J.) were prepared in sterile 0.9% NaCI solution 
and in 1.4% NaHC03 solution, respectively. 

AZ Rosette Inhibition Assay. This assay was based on different sensitivities to 
AZ of spleen cells of A Tx and intact mice with regard to their ability to form 
spontaneous rosette. The assay was performed by a modification of Bach's tech
nique, as described elsewhere (Garaci et al., 1979). Briefly, 1 X 106 splenocytes 
were incubated with various concentrations of AZ (ranging from 1 to 50 Ilg/ml) in 
a total volume of 0.5 ml. After 60 min incubation at 37°C, 4 x 106 normal sheep 
erythrocytes were added; cell suspensions were centrifuged at 500g and resuspended 
gently for 10 min at 4°C. Rosettes were counted in a hemocytometer. Each deter
mination was performed in duplicate. A control sample, without AZ, was carried 
out for each experiment. The minimal inhibitory concentration of AZ is defined as 
the amount of the drug causing 50% inhibition of rosette formation, compared with 
that detectable in control samples. 

Evaluation of the Level of STA. Determination of ST A was performed according 
to the AZ rosette inhibition assay. The principle of the determination consisted in 
the induction of AZ sensitivity on AZ-negative T-cell precursors after incubation 
with serum containing the STA. Spleen cells from ATx mice were incubated with 
serial dilutions of test sera with a low concentration of AZ (10 Ilg/ml), normally 
inhibiting the 50% of sRFC of intact mice. Before incubation, the sera were ul
trafiltrated on Amicon UM-1O in order to exclude molecules over 10,000 daltons. 

Preparation of Cells for Determination of PGE2 Release. Lymphocytes, col
lected from the spleen or from the thymus, were separated on sodium metri
zoatelFicoll solution (Lymphoprep), washed twice in RPMI 1640, and adjusted to 
a final concentration of 1 X 106/ml. They were incubated with different concen
trations of the drugs at 37°C in a 5% CO2-95% air humidified incubator. Cells 
were harvested at 15 min, centrifuged, and the supernatants collected for radioim
munoassay (RIA) 

RIAfor PGE2 Determination. PGE2 concentration in supernatant was measured 
by a specific RIA as described by Jaffe et al. (1971) utilizing a specific anti-PGE2 

antibody. All prostaglandin determinations were made corrected for appropriate 
blank. The assay was quite specific: none of the compounds added to the media, 
including di-M-PGE2 , cross-reacted with the anti-PGE2 antibody used. 
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TABLE I. The Effects of di-M-PGE2 Administration on AZ Sensitivity and on STA 
in ATx Mice 

Time AZ concentration 
(hr) (f,Lg/ml)a STA (iOg2t 

I I ± 1.3 5 ± 0.5 
6 I ± 0.5 5 ± 0.6 

24 7 ± 4 4 ± 0 
48 20 ± 3 2 ± 0.5 

di-M-PGE2 + indomethacin 18 ± 4 2 ± 0.8 
24 50 ± 0 2 ± 0 

Control diluent I 50 ± 0 2 ± 0 

, Values represent the arithmetic mean ( ± S.D.) of three determinations, the spleen of each of three mice being 
pooled. Data presented are from a representative experiment. 

b Values represent the arithmetic mean (:!: S.D.) of the log, of three STA determinations (i.e., serum dilution), the 
sera of each of three mice being pOOled. 

3. RESULTS 

3.1. The in Vivo Effects of di-M-PGE2 on Thymic Functions 

The effect of the administration of di-M-PGEz on ST A and AZ-sensitivity of 
sRFC in A Tx mice is reported in Table I. ATx mice were treated with either di
M-PGEz (0.5 mglkg) , indomethacin (5 mglkg) followed by di-M-PGEz 30 min 
later, or control diluent. At different time intervals mice were bled for determination 
of ST A and their spleens collected for determination of AZ-sensitive sRFC. 

A single administration of di-M-PGEz was able to restore both STA and AZ
sensitive sRFC in ATx mice. This effect appeared at 1 hr, reached a maximum at 
6 hr, and returned to normal values at 48 hr. Treatment with indomethacin abolished 
the effect of di-M-PGEz. 

In order to confirm that the mechanism of action of the analog was mediated 
by PGEz biosynthesis, we examined the release of PGEz in the medium of splen
ocytes from ATx mice after incubation with di-M-PGEz. Two concentrations of di
M-PGEz (1 and 5 (.1g/ml) were tested (Table II). Fifteen minutes of incubation was 

TABLE II. Release of PGE2 by Splenocytes of 
ATx Mice after 15 min Incubation with 

di-M-PGE2 

di-M-PGE2 I 
f,Lg/ml 
di-M-PGE25 
f,Lg/ml 
Control 
diluent 

PGE2 

release (ng/ 
ml)" 

16 + 2.4 

157 + 17.3 

6 + 3.4 

'Values are arithmetic mean (:!: S.D.) of three determinations, each 
made in duplicate. 
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FIGURE 1. Release of PGE2 by lymphocytes collected from ATx and intact mice after 15 min 
incubation with different concentrations of TF5. O. ATx lymphocytes; •• intact lymphocytes. 

enough to increase the release of PGE2 in the medium. The highest release was 
achieved by incubation with 5 J.Lg/ml of the analog. 

3.2. The Effects of Thymic Hormones on PGE2 Release by 
Lymphocytes 

The release of PGE2 by splenic purified lymphocytes after 15 min incubation 
with different concentrations of TF5 is illustrated in Fig. l. Lymphocytes were 
collected from spleens of ATx or intact mice. TF5 induced a dose-dependent release 
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FIGURE 2. Release of PGE2 by lymphocytes collected from ATx and intact mice after 15 min 
incubation with different concentrations of thymosin (X1' O. ATx lymphocytes; •• intact lympho
cytes. Data are expressed as arithmetic mean ± S.D. 
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FIGURE 3. Release of PGE2 by thymocytes after 15 min and 3 hr incubation with different 
concentrations of thymosin !X,. D. 15 min; •• 3 hr. Data are expressed as arithmetic mean ± 
S.D. 

of PGE2 , which was maximal with 100 JJ.g/ml. Conversely, the release of PGE2 

by splenic lymphocytes from intact mice was significantly reduced with concen
trations higher than 10 JJ.g/ml. 

Figure 2 illustrates the amounts of PGE2 released by splenic lymphocytes 
obtained from ATx and intact mice, after 15 min incubation with various concen
trations of thymosin al. Concentrations of al ranging from 1 to 4 JJ.lml were active 
in inducing release of PGE2 • Higher concentrations were inactive. On the contrary, 
the same concentrations of al reduced significantly the release of PGE2 by lym
phocytes from intact mice. 

Figure 3 shows the release of PGE2 by thymocytes after 15 min and 3 hr 
incubation with different concentrations of al. Fifteen minutes of incubation did 
not modify PGE2 release compared to untreated thymocytes. After 3 hr, al induced 
a progressive increase of PGE2 • A high concentration of al (10 JJ.g/ml) inhibited 
instead the PGE2 release. 

4. DISCUSSION 

The object of this report was to study the interaction between thymic factors 
and PGE2 • The results of our experiments show that a synthetic analog of PGE2 

could restore the lowered thymic functions, such as STA and AZ-sensitivity of 
sRFC, when administered to ATx mice. It is well known that indomethacin inhibits 
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the synthesis of prostaglandins (Robinson et at., 1974). Therefore, antagonism 
between di-M-PGE2 and indomethacin (Table I) appears to support the hypothesis 
that the analog acts via prostaglandin biosynthesis as it has been shown in vivo and 
in vitro (Favalli et at., 1980; Santoro et aI., 1979) and in Table II. 

TF5 and (l1 were able to stimulate an early and consistent release of PGE2 by 
splenocytes from ATx mice and by thymocytes. 

The specific release of PGE2 was different in splenocytes of intact mice as 
compared to that detectable in splenocytes of ATx mice. Splenocytes from intact 
mice did not show increase of PGE2 released. A slight inhibitory effect was also 
observed with high concentrations of (l1. 

The two thymic preparations had a differential action in stimulating PGE2 

release by splenocytes from ATx mice. TF5 stimulated PGE2 in a dose-dependent 
manner, whereas (l1 induced PGEz release only within a narrow range of concen
tration (Le., 1-4 fJ.g/ml). Thymocytes required a longer period of incubation to 
respond to (llo and the effect was dependent on critical concentrations. 

The differential response of normal and ATx splenocytes to thymic factors 
could be related to the different functional states of these cells. Thus, lymphocytes 
from spleen of ATx mice are very responsive to thymic preparations, releasing high 
amounts of PGE2 at as early as 15 min incubation. Thymocytes have a more delayed 
response, requiring 3 hr incubation, but the intensity of the response is the same. 
Conversely, splenocytes from intact mice, being mature cells, are not activated by 
thymic factors to produce PGE2• Furthermore, high amounts of thymic factors 
appear to inhibit PGE2 production. 

In our previous studies we had demonstrated that TF5 and (l1 were able to 
restore thymic functions both in vivo and in vitro (Rinaldi-Garaci et al. 1983a,b). 
These effects were abolished by Indomethacin administration, suggesting that the 
action of thymic hormones requires prostaglandins biosynthesis. 

It is well known that PGE modulates the early stages of lymphocyte maturation, 
promoting lymphocyte differentiation (Webb et at., 1979), and stimulates lym
phokine production (Gordon et at., 1976). Furthermore, studies in vivo showed 
that di-M-PGE2 restores the humoral and the cellular immune responses in im
munosuppressed mice, such as tumor-bearing hosts (Favalli et at., 1980) and mice 
treated with antineoplastic agents (Leport et at., 1982). Similarly, thymosin was 
effective in inducing the formation of helper and cytotoxic T cells (Low et at., 
1979; Ahmed et at., 1979) and the production of lymphokines (Svedersky et at., 
1982). 

On the basis of the data presented in this report, we suggest that the biological 
effects of thymic factors on their target cells could be related to PGE2 biosynthesis 
and production. 

5. SUMMARY 

Some thymosin peptides (TF5 and (l1) were able to stimulate a specific release 
of PGEz from immature lymphocytes, derived from spleen of ATx mice or from 
thymus of intact mice. 



THYMIC HORMONES AND PROSTAGLANDINS 419 

A long-acting synthetic analog of PGE2 (di-M-PGE2) was able to increase 
some of the lowered thymic functions in ATx mice, mimicking the action of thymic 
hormones. In fact, this analog restores the lowered ST A and the AZ sensitivity of 
spontaneous spleen RFC in ATx mice. 

Such results strongly support the hypothesis that PGE2 could act as mediators 
of thymosin function. 
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A Small-Molecular-Weight Growth 
Inhibitory Factor (SGIF) in 
Stationary-Phase Supernatants of 
Tissue Cultures 
A Preliminary Report 

ISAAC DJERASSI 

Tissue cultures stop growing and in time self-destroy when the cell concentration 
in the medium reaches a certain maximum. This phenomenon has been known for 
as long as tissue cultures have been used. Periodic addition of medium is a pre
requisite for maintaining the cultured cells in adequate growing phase. The common 
explanation for this phenomenon is that contact inhibition occurs in overgrown 
cultures. Depletion of nutrients in the culture medium by the growing and metab
olizing cells is an alternative explanation. The contact inhibition mechanism was 
self-suggested by the observation that cells growing in mono layers come in very 
intimate contact with each other in overgrown cultures, which do not grow further. 
This explanation of growth arrest was not adequate, in our opinion, to account for 
the arrest of growth of cells in suspension cultures, such as the human lymphoid 
cells. In such cultures, the total mass of cells is insignificant compared to the volume 
of medium in which they float. The depletion of nutrients, on the other hand, is 
an equally inadequate explanation, for we, and others, have found that cells can 
grow in media diluted with saline or other solutions for various purposes. We 
considered, therefore, the hypothesis that the lack of cell growth in stationary-phase 
cultures is due to the accumulation of materials produced by the cells themselves, 
which are capable of arresting cell growth when reaching a critical concentration. 
In fact, the effect of addition of tissue culture medium to keep a cell culture growing 
may be only the dilution effect on the growth inhibitory factor. 

ISAAC DJERASSI • Mercy Catholic Medical Center, Philadelphia, Pennsylvania 19143. 
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To explore this hypothesis we studied the growth-supporting ability of sta
tionary-phase supernatants. The parent cells were harvested in their growth phase 
and resuspended in stationary-phase supernatant, but at concentrations optimal for 
sustained growth. Using direct cell counting we found that stationary-phase super
natants of a nonnal human lymphoid cell line (No. 802, obtained through the 
courtesy of Dr. Robert Gallo) failed to support the growth of the parent cells, even 
when the latter were in optimal numbers. Growth inhibition after 48 or 72 hr was 
complete whenever stationary-phase supernatant was used instead of fresh medium 
(RPMI 40). Dilution of the stationary-phase supernatants with fresh medium (RPMI 
40) showed increased inhibition as the time of stationary-phase growth was increased 
from 2 to 4 and 6 days. For example, 10% fresh medium in the supernatant from 
a culture kept stationary for 48 hr only was sufficient to promote growth of the 
cells to practically nonnal rate. On the other hand, the supernatants from stationary
phase cultures kept for 4 and 6 days were highly inhibitory even when present in 
10% concentrations only. Supernatants from a 6-day stationary cell culture, in a 
ratio of 1 : 9 with fresh medium, inhibited the parent cell growth by 94% after 48 
and 72 hr. It must be noted that the control cultures, diluted in the same ratio with 
saline, grew nonnally, thus redemonstrating that depletion of nutrients is not a 
major cause of arrest of growth in cell cultures. 

The growth inhibitory activity of the total supernatant from stationary
phase cell culture was then investigated for association with specific molecular size 
fractions. The total supernatant was fractionated by filtration with an Amicon 
filtration apparatus, using filters with decreasing pore size, namely with 100,000-, 
50,000-, 5000-, 2000-, and WOO-dalton pores. The addition of these fractions to 
cultures with optimal cell concentrations and fresh medium showed that the inhib
itory activity of the supernatants could be recovered in the lower molecular size 
fractions. The material with components smaller than 5000 daltons was highly 
inhibitory even when added in concentrations of I part to 9 parts of fresh medium. 
A 90% inhibition was observed with these low concentrations of material obtained 
from 6-day stationary-phase supernatants. Activity was also demonstrated in ma
terials smaller than 2000 daltons and even, in a number of experiments, with 
materials smaller than 1000 daltons. 

Similar experiments were carried out with three other cell lines, namely a 
human acute leukemia cell line (CCRF-SB), a mouse acute leukemia (LI21O) and 
a human lung cancer cell line (A-549). The human and the mouse leukemia cell 
lines were grown in suspension as the human lymphoid line (No. 802), while the 
human lung cancer line was grown in monolayer cultures. Stationary-phase super
natants from all three cultures inhibited the parent cells as did the human lymphoid 
line. The inhibition of growth was shown in the absence or presence of human 
serum (1%) in the assay cultures for all three human lines. The mouse leukemia 
(LI21O) supernatant was inhibitory to the parent cells only in the absence of serum. 
The inhibitory activity in the supernatants of these three other cell lines was also 
present in the small-molecular-weight fractions as described above. Cross experi
ments using cells from one line and fractions from stationary-phase supernatants 
from another line showed reactivity of all human cells among themselves with their 
own and with the fractions from the other lines, suggesting a lack of tissue specificity 
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for these inhibitory activities. The supernatant fractions from the mouse L1210 
leukemia cells on the other hand, failed to inhibit the human lymphoid cells (No. 
802) but had some activity against the human acute leukemia cells. Species spec
ificity of this inhibitory activity, therefore, cannot be ruled out on the basis of the 
studies carried out so far. 

The growth inhibitory activity in the stationary-phase supernatants of tissue 
cultures appears to be associated in our experiments with the small-molecular-weight 
fractions of the supernatant. For this reason we propose to name this activity a 
"small growth inhibitory factor" or SGIF. Previously known inhibitors of DNA 
synthesis produced by cells in tissue cultures have usually been of substantial 
molecular size, in the range of 30,000 to 80,000 daltons (Attalah et al., 1975; 
Smith et al., 1970; Vesole et al., 1979). Even the growth inhibitory factor (On
costatin) reported at this symposium by Todaro is in the range of 10,000 daltons 
or more. It is possible, however, that the conditions of our experiments, and 
specifically the prolonged stationary-phase incubation of the cell cultures, have 
favored a degradation, or splitting off, of active, 1000- to 2000-dalton fragments 
from the large-molecular-weight inhibitors. In the process of their separation from 
the large molecule, the active fragments may be losing the specificity they otherwise 
may possess when associated with the large-molecular-weight material. 

Small-molecular-weight inhibitors of cell growth from cellular origin are of 
substantial interest. They may indeed add better understanding of the mechanisms 
involved in regulating normal or malignant cell growth. Obviously, they may also 
present important opportunities in the therapeutic field of disease processes asso
ciated with abnormal growth. 

It should be remembered, however, that the association of this phenomenon 
with nonspecific artifacts in the test system cannot be fully excluded at this time. 
For example, endotoxins or even cAMP could be suspected to account for similar 
effects. In preliminary studies we have already determined that low concentrations 
of endotoxin (E. coli; Difco) do not equal the effects of the fractions we described 
above. cAMP was not measurable in the supernatants from the growing or stationary
phase cultures (assays performed at Smith, Kline and French Laboratories, Phila
delphia). Whatever changes or artifacts could or may have been introduced into the 
system, during or after the fractionation of the original supernatant, the fact remains 
that unprocessed stationary-phase supernatants, especially from prolonged station
ary-phase cultures, definitely do not support cell growth and in fact inhibit it. 
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1. INTRODUCTION 

40 

The thymus gland produces many factors which are known to playa major role in 
the differentiation and maturation of T cells (Trainin et al., 1983). Considering the 
importance of T cells in immunoregulatory systems, thymic factors are expected 
to be useful as pharmaceutical agents to counteract immunodeficiency states. Thymic 
factors have been given in many clinical instances and shown to improve immu
nodeficiency diseases, particularly those with congenital T-cell defects (Wara et 
al., 1975). However, their efficacy in patients with the secondary immunodefi
ciencies has not been fully investigated. 

Such secondary immunodeficiencies leading to serious problems such as op
portunistic infections and recurrence of tumors are often seen among cancer patients, 
mostly due to immunosuppressive side effects accompanying the therapeutic treat
ments of the neoplasms. Although the immunocompetence alone may not be the 
sole factor for rejection of tumor cells, the thymic factors may be useful in cancer 
treatment through prevention and improvement of immunological adverse effects 
of cancer therapies. Therefore, we have explored animal model systems, which are 
relevant to such clinical situations, using mice immunosuppressed with cytostatics 
or X-irradiation. 

Treatment of mice with cytostatics or X-irradiation causes various deleterious 
effects. The activity of thymic factors to counteract such deleterious effects can be 
shown by assessing (1) various immunological parameters, (2) susceptibility to 
opportunistic pathogens, and (3) metastasis and progression of tumors. In these 

HIDEO ISHITSUKA, YUKIO UMEDA, EMIKO TEZUKA, YUMIKO OHTA, and YASUO 
YAGI • Nippon Roche Research Center, Karnakura City, Kanagawa 247, Japan. 
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systems, synthetic thymosin al (Goldstein et al., 1977), one of the thymic factors, 
was proven to be effective (Ishitsuka et al., 1983; Ohta et al., 1983; Umeda et al., 
1983), and suggested to be useful in cancer adjuvant therapies. 

2. MATERIAL AND METHODS 

Animals. Female mice of ddY (6 weeks old) and BDFI (II or 12 weeks old), 
and male mice (6 weeks old) ofDBAl2, C57BU6, and CDFI strains were purchased 
from Shizuoka Agricultural Cooperative Association for Laboratory Animals, Ha
mamatsu, Japan. 

Microorganisms. Candida albicans ATCC 10231, Listeria monocytogenes EGD, 
Pseudomonas aeruginosa 5E81-1, and Serratia marcescens 5A412-1 were used in 
the present study. The culture condition of these pathogens and mode of infection 
of mice were described elsewhere (Ishitsuka et al., 1983). 

Tumor Cells. Ll210 leukemic cells resistant to 5-fluorouracil (5-FU) , P815 
mastocytoma, RL 0 I leukemic cells, and BI6 melanoma were used. Ll210 was 
maintained by continuous passage in DBAl2 mice and other tumor cells were 
maintained by passage in tissue culture. 

Delayed-Type Hypersensitivity (DTH). For active immunization, female BDFI 
mice (11 or 12 weeks old) were sensitized by injection of 108 chicken red blood 
cells (CRBC) in the left footpad and 4 days later challenged with 108 CRBC in the 
right footpad. The footpad swelling was measured with a dial thickness gauge 24 
hr after the challenge. The DTH response was expressed by the difference in the 
thickness of footpad between the two hind feet. Seven mice were used for each 
group. 

CFU-c Assay. The assay was carried out in the soft agar system described by 
Bradley and Metcalf (1966). Briefly, bone marrow cells pooled from five mice in 
a group were suspended in a lukewarm agar medium. The medium used was Eagle's 
MEM (Grand Island Biological Co.) containing a final concentration of 0.3% agar 
(Difco), 0.0075% DEAE-dextran (Sigma, St. Louis, Mo.), 20% horse serum (Pel 
Freeze), and 10% of conditioned medium from L929 cells. The conditioned medium 
was used as the source of colony-stimulating factor. A I-ml portion (105 cells) was 
placed into a 35-mm Falcon petri dish in quadruplicate and, after gelling, incubated 
at 37°C in a humidified atmosphere of 5% CO2 in air. Colonies (more than 50 cells) 
were counted 7 days later under a dissecting microscope. 

Treatment with Immunosuppressive Agents and Thymosin al' Immunosup
pressed mice used for microbial infection or tumor inoculation were obtained by 
treatment with cytostatic agents or X-ray irradiation as follows. Mice were treated 
with cyclophosphamide (CY; 100 mg/kg, i.p.) every other day for three times, or 
with 5-FU (25 or 30 mgikg, i.p.) daily for 7 to 10 days before inoculation of 
microorganisms or tumor cells. Alternatively, mice received 600 rads of X-radiation 
once at 5 days before inoculation of tumor cells. Thymosin al (40 ILgikg, i.p.) was 
given daily for 7 to 10 days concurrently with the cytostatic agents or after X -
irradiation. 
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For DTH reaction, mice were treated once with 5-FU (100 mg/kg, i.p.) 4 days 
before immunization. The mice were then treated three times with saline, thymosin 
al> or fraction 5 at 1, 4, and 7 days after the 5-FU treatment. 

Preparation of Radiolabeled Cells and Isotopes. [125Il-UdR- or 5lCr-Iabeled 
tumor cells were prepared by a method described elsewhere (Fidler, 1970). Lymph 
node and bone marrow cells for lymphocyte homing were labeled by 51Cr as de
scribed elsewhere (Kasai et al., 1980). 

Reagents. 5-FU (Roche) was dissolved in physiological saline. CRBC were 
obtained from Nippon Biotest, Tokyo. Thymosin al synthesized chemically and 
fraction 5 were obtained from Drs. J. Meienhofer and A. M. Ramel, respectively, 
Hoffmann-La Roche Inc., Nutley, New Jersey. Mouse monoclonal anti-Thy-1.2 
and Lyt-5.1 sera were purchased from Flow Laboratory and New England Nuclear, 
respectively. Rabbit anti-asialo GMI serum was obtained from Wako Pure Chemical 
Industries, Tokyo. 

Statistical Analyses. Statistical significance was analyzed using Student's t Test 
and the Mann-Whitney U test (rank sum test). Differences were considered to be 
significant when probability values p < 0.05 were obtained. 

3. RESULTS 

3.1. Restoration of Immunological Damages Caused by 5-FU 

Treatment of mice with 5-FU causes various immunological damage (Ohta et 
al., 1980). Activity of thymosin (XI to counteract these deleterious effects was 
examined by measurement of restoration of DTH response, which is reduced by 
the 5-FU treatment. In this experiment, a group of mice (n = 7) were treated with 
5-FU (100 mgikg, i.p.) at day 0 and subsequently with thymosin al or fraction 5 
at days 1,4, and 7. Other groups of mice were treated with either saline (control) 
or 5-FU alone. All mice were immunized with CRBC (108 cells) at day 4 and 
challenged with the same dose of the antigen at day 8 for DTH measurement at 
day 9. As shown in Table I, both thymosin al and fraction 5 restored the DTH 
response. The potency of thymosin a I was about 100 to 1000 times that of fraction 
5 on a weight basis. 

On the other hand, when normal mice without 5-FU administration were treated 
with thymosin al according to the above schedule, the effect of thymosin al on 
the DTH response was not detected (data not shown). 

3.2. Mechanism for Restoring the DTH Response by Thymosin <X1 

In order to investigate the effector cells affected by thymosin al in the DTH 
response, lymph node cells from donor immune mice, which had been pretreated 
with saline, 5-FU, or 5-FU and thymosin al> were transferred with CRBC to the 
normal recipient mice for their footpad reaction. As shown in Table II Expt A, 
adoptive transfer of lymph node cells from mice treated with 5-FU and thymosin 



428 HIDEO ISHITSUKA et al. 

TABLE I. Dose Responses of Thymosin Fraction S (TFS) and Thymosin 0:, 

OTH response" 

Dose Mean ± S.E. 
Mice treated with (lI.glkg) (0.1 rom) % 

ExptA 
Saline (control) 15.6 ± 0.9** 100 
5-FU 8.0 ± 1.0 51 
5-FU plus TF5 2,500 11.7 ± 1.7 75 

5,000 12.1 ± 1.0* 77 
10,000 8.4 ± 1.3 53 

5-FU plus thymosin IX, 50 12.6 ± 0.8** 80 
500 11.2 ± 0.7* 71 

Expt B 
Saline (control) 11.6 ± 0.6*** 100 
5-FU 3.6 ± 0.5 31 
5-FU plus thymosin IX, 0.05 6.3 ± 1.8 54 

0.5 8.0 ± 1.2** 69 
5 10.1 ± 1.3*** 87 

50 7.0 ± 1.4* 60 

• p value: statistical difference from the corresponding group treated with 5-FU . 
• p < 0.05; •• p < 0.01; ••• p < 0.001. 

TABLE II. Effect of Thymosin 0:, on the Induction Phase and the Expression 
Phase of the DTH 

Group 

Expt Ab 
I 
2 
3 
4 

Expt Be 
II 
12 
13 
14 

Donor 

5-FU 

+ 
+ 

Treatment with 

+ 

Recipient 

5-FU 

(no transfer)d 

+ 
+ + 

(no transfer)d 

• p value: statistical difference from group 2 or 12 (5-FU alone) . 
• p < 0.1; '.p < 0.05; ".p < 0.01. 

DTH response" [mean ± S.E. 
(0.1 mm)] 

Expt I Expt 2 

3.7 ± 0.4*** 3.8 ± 0.4* 
2.2 ± 0.3 2.7 ± 0.3 
4.1 ± 0.3*** 3.7 ± 0.3** 

(8.0 ± 1.0) (7.1 ± 0.7) 

3.7 ± 0.4* 3.8 ± 0.4** 
3.0 ± 0.2 2.9 ± 0.3 
3.9 ± 0.2** 3.9 ± 0.3** 

(8.0 ± 1.0) (7.1 ± 0.7) 

• Donor mice were treated with 5-FU (100 mglkg, i.p.) at day 0 and thymosin Q, (5 ... glkg. i.p.) at days I, 3, and 6, 
and immunized with CRBC (10' cells, i.p.) at day 3. Lymph node cells (nonadherent, 2 x 100) obtained at day 7 
were transferred to normal recipient mice with CRBC (108) into the right footpad. The DTH response was measured 
24 hr after the transfer. 

'Lymph node cells (nonadherent, 2 x 100) obtained from normal donor mice immunized with CRBC 4 days before 
were transferred into the right footpad with CRBC (108) to the recipient mice at day 0, which had been treated with 
5-FU at day -7 and thymosin Q, (5 ... glkg, i.p.) at day -6, -4, and -I. The DTH response was measured 24 
hr thereafter. 

d Mice were immunized directly with CRBC but not by the adoptive transfer of lymph oode cells. 



THYMOSIN u, EFFICACY IN ANIMAL MODELS 429 

a1 restored the DTH response in the recipient mice. These results indicate that T 
cells damaged by 5-FU can be restored to normal by an additional treatment with 
thymosin a1. 

On the other hand, when lymph node cells from mice immunized with CRBC 
were transferred with the antigen to the 5-FU-treated recipient mice, an additional 
treatment of the recipient mice with thymosin a 1 enhanced the DTH response (Table 
II, Expt B). Thymosin a1 might restore the function of macrophages damaged by 
5-FU. 

In order to ascertain the possibility that thymosin a1 affects macrophages or 
their progenitor in the DTH response, thymosin a1 was examined for its effect on 
CFU-c (colony-forming units in culture) in bone marrow cells, which are known 
to be progenitor cells of macrophages and granulocytes. Groups of mice injected 
with 5-FU (100 mglkg) were subsequently treated intraperitoneally with either saline 
(control) or thymosin al> 4 hr, I day, and 2 days after the 5-FU injection. Then 
bone marrow cells were prepared 3 days after the 5-FU injection for the CFU-c 
test. As shown in Table III, both the number of bone marrow cells and the proportion 
of CFU-c in bone marrow were markedly reduced by 5-FU, while the subsequent 
treatment with thymosin a 1 corrected dose-dependently the damages caused by 
5-FU. 

3.3. Prevention of Microbial Infections in Immunosuppressed Mice 

Treatment of mice with 5-FU at a relatively high dose (25 mglkg per day for 
7 to 10 days, i.p.) increased susceptibility to opportunistic pathogens at low doses, 
at which normal mice were highly resistant. Differences between LDsos in normal 
and the 5-FU-treated mice of L. monocytogenes, C. atbicans, P. aeruginosa, and 
S. marcescens were 40,20,2000, and 2200 times, respectively. In all these models 
for opportunistic infections, thymosin a1 given concurrently with 5-FU prevented 
mice from lethal infections (Table IV). 

The protective activity of thymosin a1 was then investigated together with 
carrageenan and antithymocyte serum (ATS) , depressors of macrophages and T 
cells, respectively. Treatment with carrageenan or ATS abrogated the activity of 
thymosin a1 against Candida infection, but not against Pseudomonas infection 
(Table V). These results indicated that thymosin a1 exerts activity against Candida 
infection through T cells and/or macrophages either directly or indirectly. On the 
other hand, the activity shown in Pseudomonas infection may be through its effector 
other than T cells and macrophages, probably neutrophils or their progenitors. 

3.4. Prevention of Progressive Tumor Growth in 
Immunosuppressed Mice 

Impairment of the host defense systems against tumor growth by treatment 
with cytostatics is well known (Gorelik et at., 1980; Hanna and Burton, 1981). 
Intravenous inoculation of B 16 melanoma caused a high incidence of pulmonary 
tumor nodules in mice pretreated with CY, 5-FU, or X-irradiation, while inoculation 
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TABLE IV. Effect of Pretreatment with Thymosin (XI on Lethal Infection with 
Microorganisms in 5-FU-Treated Mice 

Survivorsltested 
Pretreatmenta at day 

p value 
Thymosin (i.p.) 5-FV (25 mg/kg, i.p.) 4 8 (V testJh 

Expt I 
L. monocytogenesC 

Control (saline) 10/10 10/10 

+ 9/10 0110 
Thymosin III 4 jLgikg + 10/10 7/10 0.001 

40 + 10/10 6/10 0.001 
Expt 2 

C. albicans 
Control (saline) 717 717 

+ 217 217 
Thymosin III 4 jLg/kg + 517 517 0.02 

40 + 717 717 0.005 
Expt 3 

P. aeruginosa 
Control (saline) 10/10 10/10 

+ 0110 0110 
Thymosin III 4 jLgikg + 4/10 4/10 0.001 

40 + 8/10 8/10 0.001 
Expt 4 

S. marcescens 
Control (saline) 10/10 10/10 

+ 1110 1110 

Thymosin III 4 jLg/kg + 6/10 6110 0.016 
40 + 7/10 7/10 0.013 

a Pretreated daily for 8 days (Expt I) or 10 days (Expts 2. 3. and 4). 
• Compared with the control mice pretreated with 5-FU, and then infected. 
'Infected with L. monocytogenes (I X 10', i.v.), C. albieans (2 x 10', i.v.). P. aeruginosa (5 x 10', i.v.), or S. 

marceseens (5 x 10', i.v.) at day O. 

of the tumor cells in normal mice caused little or no metastasis (Table VI). In these 
systems, thymosin <Xl given concurrently with the cytostatics or after X-irradiation 
suppressed the incidence of the pulmonary metastasis. 

A similar activity was shown when the 5-FU-treated mice were inoculated 
with leukemic cells. When mice pretreated with 5-FU at relatively high doses and 
then inoculated with LI21O, the mice died much more rapidly than normal mice 
which received the same number ofLI21O cells (control) (Table VII). In this system, 
thymosin <Xl given concurrently with 5-FU prevented the rapid death, although the 
mice eventually died with leukemia similarly to those in the control group. 

In order to have some insight as to the type of cells involved in the above 
phenomena, adoptive transfer of spleen cells from donor mice pretreated with 5-
FU and/or thymosin <Xl to the 5-FU-treated recipient mice was performed (Table 
VII). When the spleen cells from donor mice treated with thymosin <Xl plus 5-FU 
were transferred into the recipient mice and LI210 leukemic cells then inoculated 
into the recipients, the rapid death was prevented, whereas the spleen cells from 



432 HIDEO ISHITSUKA et a/. 

TABLE V. Effect of ATS or Carrageenan (CA) on the 
Protective Activity of Thymosin <Xl against Candida and 

Pseudomonas 

Survival/tested at day 15h 

Pretreatment" C. albicans P. aeruginosa 

Expt I 
Saline 717 8/8 
5-FU 117 118 
5-FU + ATS 117 118 
5-FU + thymosin (XI 617* 7/8* 
5-FU + thymosin (XI + ATS 317 8/8 

Expt 2 
Saline 8/8 717 
5-FU 217 0.7 
CA 118 517 
5-FU + thymosin (XI 8/8* 517* 
5-FU + thymosin (XI + CA 3/8 517* 

a C57BU6 (Expt I) or ddy (Expt 2) were pretreated with 5-FU (25 mg/kg per 
day, i.p.) or thymosin (I, (40 J.l.g/kg per day, i.p.) daily for 10 days from days 
-10 to -1. ATS (0.2 ml, i.v.) was injected at days -11, -8, -5, -3, 
and - 1. CA (200 mg/kg, i. p.) was injected at day - 1. 

b Infected with C. albicans (2.5 x 10') or P. aeruginosa (5 x 10"' for Expt I, 
2 x 10' for Expt 2) by the i.v. route at day O. 

, P value (V test), compared with 5-FV or 5-FV plus ATS or CA, then infected. 
*p < 0.05. 

TABLE VI. Protective Activity of Thymosin <Xl against Pulmonary Metastasis of 
816 Melanoma 

Expt I 
Saline 

Treatment 
(i.p.)a 

Cyclophosphamide (CY; 100 mg/kg, i.p. x 3) 
CY + thymosin (XI (40 ~g/kg, i.p., x 10) 

Expt 2 
Saline 
5-FU (25 mg/kg, i.p., x 7) 
5-FU + thymosin (XI (40 ~g/kg, i.p., x 7) 

Expt 3 
Saline 
X-ray (600R, x I) 
X-ray + thymosin (XI (40 ~g/kg, i.p., x 10) 

No. of pulmonary tumors 
(mean ± S.D.t 

0 
142 ± 83 
61 ± 33* 

6 ± 14 
18 ± 12 
2 ± 3* 

0 
22 ± 12 
8 ± 4* 

% inhibition 

57 

89 

74 

a C57BU6 mice were treated with CY three times at day - 5, - 3, and - I, with 5-FV 10 times daily from day - 5, 
or with X-ray at day -5. BI6 melanoma cells (Expt I, 10'; Expt 2, 5 X 104; Expt 3,10') were inoculated by the 
i.v. route at day O. 

b The number of pulmonary nodules was counted at day 14 (Expt I), day 30 (Expt 2), and day II (Expt 3). 
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FIGURE 1. Tissue distribution of radio/abe/ed tumor cells. Mice treated daily for 7 days with 
or without 5-FU (25 mg/kg, Lp.) and thymosin a1 (40 flog/kg, Lp.) were inoculated intravenously 
with [1251]-UdR-labeled L1210 leukemic cells (106 cells/5.7 x 105 cpm), 51Cr RL 01 (106 cells/ 
138,060 cpm), 51Cr P815 mastocytoma cells (106 cells/197,900 cpm), or 816 melanoma cells 
(6 x 105 cells/3.5 x 104 cpm). The first three tumor cells and 816 melanoma cells were in
oculated into D8A12 and C578U6 mice, respectively. The radioactivity in each tissue was 
measured at 5 hr aiter the inoculation of the tumor except at 24 hr for L 1210. 

the donor mice treated with 5-FU alone did not show such preventive activity. 
Subsequently, the donor spleen cells from the thymosin ai-treated mice were in
cubated with various antisera and complement, and the adoptive transfer then per
formed. The donor cells treated with anti-asialo GM1 and Lyt-5 lost their protective 
activity, but those deprived of T or B cells by incubation with anti-Thy-lor anti 
-immunoglobulin, respectively, maintained the activity . 

The possibility that the effector cells in the spleen cells were NK cells was 
further demonstrated in a separate experiment (Umeda et al., 1983), where the 
donor mice treated with 5-FU and thymosin al were injected with antisera and then 
inoculated with Ll210 cells . Injection with anti-asialo GM1 but not ATS abrogated 
the preventive activity of the spleen cells. 

3.5. Prevention of Abnormal Tissue Distribution of Tumor Cells and 
Homing of Lymphocytes 

The mechanisms leading to the rapid death and causing a high incidence of 
the pulmonary metastasis were investigated from a different aspect, the tissue 
distribution of tumor cells inoculated in the 5-FU-treated mice. 51Cr_ or 125I-Iabeled 
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FIGURE 2. Homing of 5'Cr-labeled lymphoid cells. DBAl2 mice treated with 5-FU and thymosin 
a, as described in Fig. 1 were inoculated with 5'Cr inguinallymph node cells (106 cells/1.97 x 105 

cpm, i.v.) or (6) 5'Cr bone marrow (femurs) (5 x 106 cells/1.46 x 105 cpm, i.v.). The radio
activity of each tissue was measured at 24 hr after the inoculation and expressed as a percent 
of total radioactivity inoculated. 

tumor cells were inoculated intravenously into normal mice or the 5-FU-treated 
mice, and the tissue distribution of the radioactivity then compared (Fig. I). In the 
5-FU-treated mice, the level of the radioactivity was higher in blood and lungs but 
lower in spleen than that in normal mice, although there was some difference in 
the distribution pattern depending on the type of tumor cells. On the other hand, 
when thymosin <XI was given concurrently with 5-FU, the distribution pattern was 
similar to that in normal mice. 

These phenomena were also observed in the homing of slCr-labeled lymph 
node or bone marrow cells inoculated into normal mice by the i.v. route. A fairly 
large number of the cells homed to the tissues of their origin and distributed to 
spleen (Fig. 2). On the other hand, in the mice treated with 5-FU, the cells were 
trapped more in the lungs, substantially reducing the number of the homing cells. 
Additional treatment with thymosin <X I prevented the change of the tissue distribution 
pattern. Apparently, the treatment with 5-FU disturbed trapping systems against 
lymphocytes as well as tumor cells, while thymosin <XI prevented such an effect. 

4. DISCUSSION 

The present study has dealt with the effect of thymosin <XI in mice immuno
suppressed by cytostatics or X-irradiation. In the immunosuppressed mice, thymosin 
<XI restored the DTH response which was reduced by a cytostatic, 5-FU, and 
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prevented microbial infections and suppressed tumor growth. Thymosin (Xl has been 
known to affect mainly the function and differentiation of T cells (Ahmed et al., 
1978; Goldschneider et al., 1981). However, some data presented in this report 
indicate that thymosin (Xl also affects cells other than T cells such as macrophages, 
neutrophils, NK cells, or their progenitor cells either directly or indirectly. 

The studies utilizing the adoptive transfer technique in the DTH reaction in
dicated that 5-FU causes severe damage to the cell population involved, both in 
the induction phase and in the expression phase of the delayed footpad reaction, 
and that thymosin (Xl restores the cells affected by this damage. This means that 
thymosin (Xl restores the function (or number) of not only the mature T cells 
transferring the delayed footpad reaction to the recipient mice, but also of the 
macrophages responsible in the expression phase of the DTH reaction. 

The possibility that thymosin restores the depressed function of macrophages 
was further indicated by the facts that CFU-c, progenitor cells of macrophages and 
granulocytes, are sensitive to 5-FU, and that the subsequent treatment with thymosin 
(Xl increases the number of the CFU-c probably contributes to the restoration of the 
macrophage function through replenishment and maturation of hematopoietic cells 
necessary for the DTH response, which had been suppressed by the 5-FU treatment. 

It is known that macrophages are exclusively important for elimination of 
Candida, and the treatment of mice with a depressor of macrophages, carrageenan, 
increases the susceptibility to the pathogen (Dobius, 1964). Because macrophages 
are activated by sensitized T cells or their products, lymphokines, it is quite likely 
that thymosin (XI prevented Candida infection in the immunosuppressed mice, by 
T -cell-mediated macrophage killing as indicated by the fact that the activity of 
thymosin (Xl was abrogated by ATS as well as carrageenan. 

On the other hand, the mechanism of the protecting activity of thymosin (Xl 
against Pseudomonas infection in immunosuppressed mice is not yet clear. For 
elimination of this pathogen, neutrophils, but not macrophages or T cells, are known 
to be quite important (Tatsukawa et al., 1979), and the activity of thymosin (Xl 
against this pathogen was not affected by ATS or carrageenan. The present results 
indicate that the activity was mediated through cells other than T cells or macro
phages. Probably neutrophils or their progenitors such as pluripotent stem cells in 
bone marrow might be the targets of thymosin (X I . 

NK cells participate in the suppression of tumor metastasis (Talmadge et al., 
1980). Their damage is known to cause a high incidence of pulmonary metastasis 
by inoculation of B16 melanoma in immunosuppressed mice (Hanna and Burton, 
1981; Riccardi et al., 1981). As thymosin (XI prevented the damage to the NK cells, 
its activity was at least in part through maintenance of NK cell activity. The NK 
cells must also be important against leukemic cells. This was shown by the ex
periment of the adoptive transfer of spleen cells, where inoculation of NK -enriched 
spleen cells from the 5-FU and thymosin (Xl-treated mice to the 5-FU-treated re
cipient mice prevented the rapid death caused by Ll210 leukemic cells. 

Another possible mechanism causing the rapid death and increasing metastasis 
is the damage to the barrier system for spread of tumor cells. In the 5-FU-treated 
mice, the trapping system against the tumor cells in organs such as spleen and liver 
might be disturbed, resulting in poor clearance of the tumor cells from blood and 
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an accumulation into the lungs. In such mice, the tumor cells could migrate into 
various sites. The migration of tumor cells to some specific site and growth of the 
tumor there may lead to the rapid death. Abnormal homing of lymph node and 
bone marrow cells in the 5-FU-treated mice also suggests that cells recognizing 
surface markers of lymphocytes as well as tumor cells are damaged, or that the 
number of such cells are reduced in the immunosuppressed mice. Thymosin (Xl 

may maintain the capacity and the number of such cells. 
Thymosin (Xl seemed to affect various cell populations, although it is not known 

whether the effects were mediated through T cells or not. As thymosin (X I appeared 
to affect various progenitor cells in bone marrow, its pleiotropic effect is likely. 
Another explanation for the multiple activity of thymosin (Xl is that thymosin (Xl 

affects hormonal balance. It is reported that the circadian rhythm of endogenous 
thymosin (Xl correlated to circadian fluctuation in the immune system, but inversely 
correlated to that of glucocorticoid affect the immune system (McGills et al., 1983), 
exogenous thymosin (Xl may exert its multiple activity through hormonal regulation. 

Thymosin has been shown to have beneficial effects on fungal infections 
(Bistoni et ai., 1982), viral infections (Hang et ai., 1981), animal tumors (Chirigos, 
1978), and human neoplasms (Lipson et al., 1979). The present studies give some 
insights on the mechanism of the thymosin activities. Thymosin (Xl restored im
munocompetence reduced by cytostatics or X-irradiation. Consequently, thymosin 
(Xl protected mice from progression of tumor and microbial infections caused by 
treatment with the immunosuppressive agents. This means that thymosin (Xl may 
reduce undesirable toxic effects of cytostatics or X-irradiation, and suggests that 
in combination with thymosin (Xl an extensive chemotherapy and/or radiotherapy 
for a longer duration are possible. 
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The in Vivo Effect of Thymosin on 
Cell-Mediated Immunity 

S. B. SALVIN and RUTH NETA 

1. INTRODUCTION 

Inbred strains of mice, similar to individual humans, vary in their resistance to 
infections. Variations also exist in the capacity of inbred strains of sensitized mice 
to release lymphokines into the circulation (Neta et al., 1981). As little evidence 
is present on the role of individual in vivo-induced lymphokines in resistance to 
infections, correlation of these variations in the different murine strains may lead 
to the development of a better experimental model in which to study their associ
ation. A possible presence in some strains of a defect in both resistance and the in 
vivo release of lymphokines, together with the means of corrective treatment of 
either or both parameters, will present a model in which such studies may be 
conducted. 

In this work, (1) the resistance or susceptibility of inbred strains of mice to 
infection with Candida albicans, (2) the release of two lymphokines, 'V-interferon 
(IFN-'V) and migration inhibitory factor (MIF) , by these strains, and (3) their capacity 
to elicit delayed hypersensitivity were compared. The low-responder, susceptible 
strains were treated in tum by a thymic hormone, thymosin fraction 5. The differ
ences in the responses of the several inbred murine strains to this treatment are 
described. 

S. B. SALVIN. Department of Microbiology, University of Pittsburgh, School of Medicine, Pitts
burgh, Pennsylvania 15261. RUTH NETA • Armed Forces Radiobiology Research Institute, Be
thesda, Maryland 20814. Research was conducted according to the principles enunciated in the "Guide 
for the Care and Use of Laboratory Animals" prepared by the Institute of Laboratory Animal Resources, 
National Research Council. 
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2. MATERIALS AND METHODS 

Inbred strains of mice were used in the various in vivo experiments and were 
purchased from The Jackson Laboratory, Bar Harbor, Maine. 

The procedures for determination (1) of degree of resistance to infection to C. 
albicans. (2) of titers of MIF and IFN-'Y released in vivo into the circulation, and 
(3) of development of delayed footpad reactions are the same as those previously 
described (Neta and Salvin, 1983; Salvin and Neta, 1983; Salvin and Nishio, 1969). 

Thymosin fraction 5 was obtained through the courtesy of Dr. Allan L. Gold
stein, Department of Biochemistry, The George Washington University School of 
Medicine and Health Sciences, Washington, D.C., and of Dr. Bernard L. Horecker, 
Roche Institute of Molecular Biology, Nutley, New Jersey. 

3. RESULTS 

Resistance to i.v. Challenge with C. albicans. With regard to resistance to an 
i. v. challenge of 4 x 104 cells of C. albicans. inbred strains may be divided into 
two categories: those that are resistant, and those that are susceptible. For example, 
such strains as C57BLIIOSNJ, C57BLl6J, and C57BLlKsJ are highly resistant, 
whereas such strains as AKRlJ, CBAiCaJ, C3WHeJ, and DBAilJ are susceptible. 
The resistance, as measured at intervals after challenge by the number of units of 
C. albicans in the kidneys, became most apparent in the resistant strains from about 
10 to 21 days after infection. However, where the resistant strains showed a decline 
or elimination of yeast in the kidneys by about 10 days after infection, the susceptible 
strains had a gradual increase in the number of fungus cells in the kidney, so that 
by 10-14 days, most of the animals were sickly or dying of infection. Thus, a 
genetic factor was present which resulted in some inbred strains being resistant, 
and others being susceptible to intravenous challenge with C. albicans (Table I). 

Capacity to Release MIF and IFN-y in Vivo into the Circulation. Both resistant 
and susceptible strains were studied for their capacity to release MIF and IFN-'Y in 
vivo into the circulation. The mice were sensitized i. v. with 700 f.Lg merthiolate
killed, lyophilized cells of C. albicans in Drakeol-Tween 80 emulsion, challenged 
3 weeks later with a C. albicans extract, and bled 4 hr later. 

The resistant strains, such as C57BLlKsJ and C57BLl6J, released high titers 
of MIF and IFN-'Y into the circulation, while the susceptible strains, such as CBAiCaJ 
and AKRlJ, did not release detectable quantities of either MIF or IFN-'Y into the 
circulation. Thus, a correlation existed between the capacity of a strain to resist 
infection with C. albicans and its capacity to release MIF and IFN-'Y in vivo into 
the circulation in response to the specific antigen (Table I). 

Capacity to Elicit Delayed Hypersensitivity. The two types of murine strains 
were also compared with regard to their capacities to elicit delayed footpad hy
persensitivity. The mice were sensitized with 700 f.Lg lyophilized cells of C. albicans 
and 2-3 weeks later challenged in the footpads with a cell extract of the yeast. The 
resistant, high-responder strains showed a capacity to elicit marked delayed hy-
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persensitivity responses, while the susceptible, low-responder (for MIF and IFN
'Y) strains did not elicit any delayed reactions to the specific antigen. 

Effect of Thymosin Fraction 5 on Cell-Mediated Responses of Genetically 
Susceptible Murine Strains. Because these three immunological responses are re
lated to T-lymphocyte activity, experiments were initiated wherein the effect of in 
vivo injection of thymosin fraction 5 was assayed on these three parameters. When 
susceptible strains, such as C3H/HeJ, were treated daily i.p. with 5 f.Lg thymosin 
fraction 5 in 0.5 ml saline, beginning on the day of infection, a marked increase 
in resistance was observed. Similarly, when C3H/HeJ mice, sensitized with 700 
f.Lg dead lyophilized C. albicans cells in Drakeol-Tween 80 emulsion and challenged 
with C. albicans extract (150 f.Lg nitrogen), were treated Lp. with 5 f.Lg thymosin 
fraction 5 for 3 days before sensitization and for 3 days before challenge, the titers 
of MIF in the sera rose from a nondetectable level to a level where dilutions of the 
sera of 1 : 32-1 : 64 induced migration inhibition of greater than 20%. This is the 
approximate titer which develops in normal, untreated responder strains, such as 
C57BL/lOSNJ and C57BL/6J. 

Although treatment of susceptible strains with thymosin fraction 5 enhanced 
(1) resistance to infection with C. albicans and (2) the capacity to release MIF in 
vivo in response to antigens from C. albicans, treatment with thymosin fraction 5 
did not enhance the capacity of susceptible strains to elicit delayed footpad reactions 
to specific antigen. 

Effect of Thymosin Fraction 5 on Cell-Mediated Responses of Alloxan-Diabetic 
Mice. As C. albicans is an opportunistic pathogen, its infectivity was tested in an 
immunocompromised host. Thus, 200-225 mg alloxan was injected i.p. into a 
strain, such as C57BLl1OSNJ or C57BLlKsJ, which is normally resistant before it 
becomes hyperglycemic. Where normal mice have a serum glucose level of 100-200 
mg/dl, alloxan-diabetic mice typically have a level of 400-600 mg/dl. 

Such alloxan-diabetic mice, which in the normal nonhyperglycemic state are 
resistant to an intravenous challenge of 4 x 104 C. albicans, as indicated by the 
virtual absence of the yeast in the kidneys at 10-14 days after challenge (see above), 
become highly susceptible and may have 10,000 or more C. albicans cells per 

TABLE I. Relationship of Resistance to Infection 
with Candida albicans and in Vivo Release of 

MIF and IFN--y in Inbred Murine Strains 

Titers of 

No. of C. albicans 
Iymphokines in 

circulation 
Murine per kidney on day 
strain 14 after infection MIF IFN-"( 

C57BU6J 0 >64 > 10,000 
C57BUKsJ 0 >64 > 10,000 

CBAlCaJ 4000 < 4 < 100 
AKRlJ 6000 < 4 < 100 
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kidney. Daily i.p. injections of 5 ILg thymosin fraction 5 beginning on the day of 
infection restored normal resistance to the alloxan-diabetic mouse. 

Similarly, the alloxan-diabetic mice of the C57BLlIOSNJ or C57BLlKsJ strains 
lose their capacity to release MIF in vivo into the circulation, a capacity which is 
restored when the mice are treated i.p. for 3 days both before sensitization and 
before challenge with 5 ILg thymosin fraction 5. 

Sensitized alloxan-diabetic mice also did not elicit delayed footpad reactions 
on challenge with specific antigen, C. albicans extract, in mice sensitized with C. 
albicans cells. Delayed responses did develop, however, when such mice were 
treated daily i.p. with 5 ILg thymosin fraction 5. Thus, thymosin fraction 5 had a 
pronounced effect on restoring or enhancing three parameters of cell-mediated 
resistance, i.e., cell-mediated resistance to infection with C. albicans and in vivo 
release of MIF and IFN--y. Thymosin was effective in enhancing delayed hyper
sensitivity only in those immunocompromised hosts which normally were highly 
responsive. Apparently, a specific precursor cell must be present before thymosin 
could enhance an immunological response. 

4. DISCUSSION 

Different inbred strains of mice vary in their susceptibility to infections with 
such microorganisms as C. albicans. Those strains that are inherently resistant, 
such as C57BLlIOSNJ and C57BLlKsJ, are capable of releasing high titers of MIF 
and IFN--y in vivo into the circulation upon appropriate sensitization and challenge 
with specific antigen. Those strains that are inherently susceptible, such as C3WHeJ 
and DBAllJ, are not capable of releasing high titers of MIF and IFN--y into the 
circulation upon appropriate sensitization and challenge with specific antigen. Ge
netically resistant strains after sensitization also have the capacity to elicit strong 
delayed footpad reactions on challenge with specific antigen. 

Administration of a thymic hormone, thymosin fraction 5, enhanced the cellular 
immune capabilities of the susceptible, nonresponder mice, with regard to resistance 
to infection and in vivo release of lymphokines. This effect was apparent not only 
in those mice that were normally unresponsive because of a genetically determined 
deficiency, but also in those mice that were immunocompromised because of the 
induction of a diabetic state. In the case of delayed hypersensitivity, thymosin was 
effective in enhancing the response only in those strains, such as C57BLllOSNJ 
and C57BLlKsJ, which normally had the capacity to develop strong delayed footpad 
reactions, but which had their immunological responses compromised by treatment 
with alloxan and the development of hyperglycemia. The difference in the response 
of the murine strains to thymosin in the expression of resistance to infection and 
in vivo release of lymphokines vs. elicitation of delayed hypersensitivity suggests 
that the development of delayed hypersensitivity may depend on a cellular mech
anism different from that responsible for resistance to infection and in vivo release 
of MIF and IFN--y. 

The foregoing procedures serve as an excellent laboratory model for studying 
the effect of thymosin on such parameters of cellular immunity as resistance to 
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infection, in vivo release of MIF and IFN-I', and elicitation of delayed hypersen
sitivity. Of special significance is the demonstration that thymosin fraction 5 does 
enhance resistance to infection with such microorganisms as C. albicans in certain 
immunodeficient mice. 
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Effect of Thymosin a1 on 
Immunoregulatory T Lymphocytes 

GINO DORIA and DANIELA FRASCA 

1. INTRODUCTION 

The extensive work perfonned by A. L. Goldstein and co-workers has led to the 
isolation, chemical characterization, and biological and clinical applications of 
thymosins present in "fraction 5," a partially purified extract from bovine thymus 
(Hooper et ai., 1975). Fraction 5 consists of 40-50 peptides whose molecular 
weights range from 1000 to 15,000, as demonstrated by analytical polyacrylamide 
gel electrophoresis and isoelectric focusing (Goldstein et ai., 1977). Some of these 
peptides exhibit a wide range of biological activities in animal models (Goldstein, 
1978). It has been established that there is no homology between the biologically 
active thymosin peptides and thymopoietin (Goldstein, 1975) or facteur thymique 
serique (Bach and Dardenne, 1972). Among the several peptides present in fraction 
5, a\ was the first to be purified, sequenced (Goldstein et ai., 1977), and synthesized 
(Goldstein, 1978). It is a highly acidic molecule, consisting of 28 amino acid 
residues. Several tests perfonned both in vivo and in vitro have shown that a \ is 
10-1000 times more active than fraction 5 in promoting T-cell differentiation. It 
has been found that in vivo administration of a\ enhances the lymphoid cell responses 
to mitogens as well as lymphotoxin production (Schulof and Goldstein, 1983). 
Results of a\ treatment in conjunction with intensive conventional chemotherapy 
show that growth of plasmacytoma MOPC-315 in Balb/c mice is reduced or pre
vented. Moreover, the surviving animals reject retransplanted tumor cells (Goldstein 
et ai., 1983). Immunosuppressed mice infected with Candida or Cryptococcus 
prolong their survival after in vivo injection of a\. This thymic factor also enhances 
the production of interferon in mice infected with Newcastle disease virus (Zatz et 
ai., 1982). In vitro studies indicate that thymosin a\ induces appearance of Thy-
1.2+ cells; Lyt-1.2.3+ phenotype is also induced by a\ at concentrations of 1 fJ.g/ 
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ml (Ahmed et al., 1979). Moreover, al increases the percentage of TdT+ cells in 
the bone marrow and spleen when used at high concentrations, while low concen
trations of al suppress TdT activity in murine thymocytes (Wetzel et al., 1980). 
In the bone marrow of normal mice, 20% of ai-induced Lyt-1.2.3+ cells are Td'l 
while in the spleen 50% of the induced cells are Td'l. In nude mice, the percentages 
of Td'l, ai-induced Lyt-1.2.3+ cells are 80% in the bone marrow and 75% in the 
spleen (Zatz et al., 1982). It has also been reported that short-term incubation of 
thymocytes with al results in an increase in the percentage of cortisone-resistant 
cells (Osheroff, 1981). The in vitro incubation of lymphocytes with thymosin al 
enhances the production of macrophage inhibitory factor (MIF) (Thurman et al., 
1977), T-cell-dependent IgG, IgM, and IgA secondary antibody responses (Schulof 
and Goldstein, 1983), as well as T-cell-dependent specific antibody production and 
helper T-cell activities (Ahmed et al., 1979). The in vitro treatment of lymphoid 
cells with al also raises the levels of intracellular cGMP but not cAMP (Goldstein, 
1978) and increases E-rosette formation (Low et al., 1979). Also in humans in 
vitro incubation of peripheral blood lymphocytes (PBL) with al increases the per
centage of E-rosette-forming cells and autologous rosette-forming cells in patients 
with diseases such as primary immunodeficiency, cancer, viral infection, and au
toimmune pathology. If PBL are derived from healthy individuals, al does not 
affect the percentage of lymphocytes expressing E-rosette receptors. However, 
mitogen responses or mixed lymphocyte reactions of PBL from healthy subjects 
can be either enhanced or suppressed by al treatment. Moreover, in patients im
munized with tetanus toxoid or group C meningococcal polysaccharide, PBL in
cubated with al exhibit significant enhancement of specific antibody responses. at 
has also been shown to decrease the abnormally elevated TlJ.ff'Y ratios in PBL from 
cancer patients (Schulof and Goldstein, 1983). 

The present report describes the effect of injecting immunodeficient old mice 
with synthetic al on helper T-cell activity. It has been previously established that 
T -cell-mediated antibody response declines with advancing age (Doria et af., 1980). 
Spleen cells from old animals were shown to mount decreased antibody responses 
when stimulated in vitro with T-dependent immunogens, even when enriched T
cell populations were used (Kay, 1978). 

In the present study, helper activity of spleen cells from mice of different ages, 
uninjected or injected with al before horse red blood cell (HRBC) priming, has 
been determined in vitro by adding limiting numbers of the primed cells to cultures 
containing normal spleen cells from young mice and the conjugate 2,4,6-trinitro
phenyl (TNP)-HRBC. Results demonstrate that helper T-cell activity, which is 
markedly reduced in senescence, can be efficiently repaired by injection of synthetic 
al' 

2. MATERIALS AND METHODS 

2.1. Animals 

Male (C57BUlO x DBAl2)F1 mice have been bred, maintained in our animal 
facilities, and used at different ages. 
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2.2. Antigens 

HRBC and sheep red blood cells (SRBC) in Alsevier's solution were obtained 
from Sclavo (Siena, Italy). 2,4,6-Trinitrobenzene sulfonic acid (TNBS) was pur
chased from Eastman Organic Chemicals (Rochester, N. Y.) and further purified 
by recrystallization from 1 NHCI solution. TNP-HRBC was prepared by heavy 
conjugation of TNBS with HRBC (Kettman and Dutton, 1970) and used in vitro 
as T-dependent immunogen. TNP-SRBC was prepared by light reaction of TNBS 
with SRBC (Rittenberg and Pratt, 1969) and used as test antigen in the CunniI.1gham 
and Szenberg (1968) technique to detect anti-TNP plaque-forming cells (PFC). 

2.3. Cell Culture 

Spleen cell suspensions were prepared from normal and carrier-primed mice 
and cultured in microtissue culture plates (Falcon Plastics No. 3040, Oxnard, Calif.), 
according to Mishell and Dutton (1967). Cells in culture were suspended in medium 
RPMI 1640 (GIBCO, Grand Island, N. Y.), supplemented with 10% fetal calf serum, 
1 mM sodium pyruvate, 0.1 mM nonessential amino acid mixture, 2 mM L-glu
tamine, 20 mM Hepes buffer solution, 100 IU/ml penicillin, and 100 JLglml strep
tomycin sulfate. Fetal calf serum was obtained from Rehatuin (Phoenix, Ariz.); 
Hepes buffer from Eurobio (France); all the other reagents from Microbiological 
Associates (Bethesda, Md.). 2-Mercaptoethanol was not added to cultures. 

2.4. Induction and in Vitro Titration of Helper Cell Activity 

To induce helper activity, mice of a given age, untreated or treated with 
thymosin a), were carrier-primed by injecting i.v. 2 x Hf HRBC in 0.2 ml phos
phate-buffered saline (PBS) 4 days before sacrifice. 

Helper activity of carrier-primed spleen cells in the in vitro anti-TNP antibody 
response was titrated by a modification of the method originally described by 
Kettman and Dutton (1971). Normal spleen cells immunized in vitro with TNP-HRBC 
give rise to negligible anti-TNP PFC responses. If graded numbers of carrier-primed 
spleen cells are added to a constant number of normal spleen cells, the anti-TNP 
antibody response increases with the number of carrier-primed cells added in a 
range in which helper activity is limiting. The titration procedure was the following: 
each culture well received 0.1 ml medium alone or containing immunogen (2 x 105 

TNP-HRBC) as well as 1 x 106 nucleated spleen cells from a pool of 8-10 
uninjected, normal mice. One group of culture wells received no further addition 
of cells and was used as control. Other groups of culture wells received graded 
numbers (5, 10, 15, 20, 25, 30 x l(4) of nucleated spleen cells pooled from four 
to six carrier-primed mice. In some experiments, spleen cells from carrier-primed 
mice were T-cell enriched and/or nylon wool-fractionated before testing their helper 
activity. The anti-TNP antibody response was evaluated at the peak response (day 
4 or 5 of culture) and processed as follows. The antibody response of I x 106 

nucleated spleen cells from uninjected, normal mice, generally less than 10% of 
the response given by 1 x 106 carried-primed nucleated spleen cells, was subtracted 
from the antibody response exhibited by 1 x 106 normal spleen cells supplemented 
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with 5-30 X 104 carrier-primed spleen cells. The net anti-TNP antibody response 
was found to increase with the number of carrier-primed cells added to the culture 
well, so that the log number of direct anti-TNP PFC is a linear function of the log 
number of carrier-primed spleen cells added. When helper activity of whole spleen 
cells was titrated, linear regressions were calculated by the least-squares method, 
which yields the expected log PFC number (Y) for any log number (X) of carrier
primed spleen cells added to culture and the regression standard deviation. The 
anti-TNP antibody response in cultures containing the maximal number of helper 
cells was evaluated as follows. The expected number of PFC induced by 30 X 104 

carrier-primed spleen cells is the antilog of the corresponding Y value. The antilog 
of the regression standard deviation value represents a factor by which the expected 
number of PFC should be multiplied or divided to obtain the variation due to one 
standard error. 

Contributions of B cells and macrophages to the helper cell activity of HRBC
primed cells, as titrated by this method, have been ruled out by the results of 
previous control experiments (Doria et al., 1980). 

2.5. T-Cell Enrichment of Carrier-Primed Spleen Cells 

Pooled spleen cells from carrier-primed mice, uninjected or injected with 
thymosin 0:), were suspended in medium supplemented with Hepes buffer, fetal 
calf serum (10%), and antibiotics, and then washed. The supernatants were discarded 
and the pellets resuspended in 2 ml trichloroacetic acid for 2 min at 37°C, in order 
to lyse RBC. Cells were washed again and adjusted at a concentration of 10 x 106 

cells/ml in medium. Cell suspensions were enriched in T lymphocytes (immuno
globulin-negative cells) by positive selection on plastic plates, coated overnight 
with 5 ml rabbit anti-mouse immunoglobulin antibody (100 j.Lg/ml). Each plate was 
repeatedly washed with PBS before receiving about 100 X 106 carrier-primed spleen 
cells, and then incubated at 4°C for 1 hr. Nonadherent immunoglobulin-negative 
cells were recovered by gentle swirling. 

2.6. Separation of Nylon Wool-Adherent and Nonadherent T Cells 

T-cell-enriched suspensions were further fractionated by filtration through a 
nylon wool column into nylon-adherent and nylon-passed T cells. According to 
Julius et al. (1973), the columns were made with 0.7 g of nylon wool in a lO-ml 
plastic syringe, sterilized, and equilibrated with medium supplemented with 5% 
heat-inactivated fetal calf serum, antibiotics, and Hepes buffer, at 37°C. About 2-3 
ml of T-cell-enriched suspensions (-100 X 106 nucleated cells) were applied to 
each column and incubated at 37°C for 45 min. Nylon-passed T cells were collected 
from the column by washing with warm (37°C) medium. Subsequently, the column 
was incubated at 4°C for 30 min and then the nylon wool was vigorously pressed 
with chilled medium to recover the adherent T-cell population. 
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2.7. Thymosin Cl1 Treatment 

Mice were injected i.p. with 0.2 ml saline containing 1 or 10 fLg thymosin 
O:h over a period of five consecutive days before carrier-priming. Alternatively, 
treatment with 0:1 was performed by injecting mice i.p. with 0.2 ml saline containing 
1 fLg O:h 3 days before carrier-priming. 0:1 was a generous gift of Dr. A. L. 
Goldstein. 

3. RESULTS AND DISCUSSION 

Table I illustrates the results of four different experiments in which 3-, 15-, 
18-, and 24-month-old mice were left uninjected or injected with 1 or 10 fLg 0:1 in 
0.2 ml saline, over a period of five consecutive days before carrier-priming. The 
age control reference group (carrier-primed 3-month-old mice) has also been re
ported for each experiment. Each PFC number represents the expected anti-TNP 
response to the TNP-HRBC as induced in culture by the helper activity of 30 x 104 

whole spleen cells from mice uninjected or injected with 0:1 and carrier-primed at 
a given age. The number in parentheses is a factor by which the PFC number should 
be multiplied or divided to obtain the variation due to one standard error. Table I 

TABLE I. Enhancement of Helper Cell Activity in Mice 
Injected with Synthetic Thymosin 0:, at Different AgesB 

Age Thymosin u! 
Experiment (months) (fLg) Anti-TNP PFC/cuIture 

3 none 158 (1.28) 
3 169 (1.13) 

2 3 none 234 (1.08) 
15 none 60 (1.09) 
15 217 (1.09) 

3 3 none not done 
18 none 113 (1.08) 
18 179 (1.21) 
18 10 312 (1.08) 

4 3 none 203 (1.10) 
24 none 28 (1.26) 
24 91 (1.07) 
24 10 92 (1.37) 

a Mice of different ages were left uninjected or injected i.p. with I or 10 fJ.g "'I 
in 0.2 ml saline for five consecutive days before carrier-priming. The helper 
activity of HRBC-primed spleen cells from mice injected with "'lor from un
injected age controls was titrated by adding graded numbers (5-30 x W') of 
carrier-primed spleen cells from mice of a given age to cultures containing 
2 x 10' TNP-HRBC and I x 106 normal spleen cells from 3-month-old mice 
as described under Materials and Methods. Each PFC number in the last column 
represents the expected anti-TNP response to TNP-HRBC as induced in culture 
by the helper activity of 30 x 104 HRBC-primed spleen cells. The number in 
parentheses is a factor by which the PFC number should be multiplied or divided 
to obtain the variation due to one standard error. 
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indicates an age-related impairment in helper cell activity which is reduced by 75% 
at 15 months and by 87% at 24 months of age when referred to age control reference 
groups. The injection of 1-10 f,Lg a] into 15-, 18-, or 24-month-old mice has been 
effective in recovering helper cell activity, while the injection of 1 f,Lg a] at the 
age of 3 months had no sizable effects. The induced recovery of helper cell activity 
was complete in 15- and 18-month-old mice, while incomplete in 24-month-old 
mice regardless of the a] injected dose. The helper cell activity of these mice, 
however, was enhanced three- to fourfold as compared to a]-uninjected mice of 
the same age. 

Figure 1 illustrates the helper activity of carrier-primed, T-cell-enriched spleen 
cells from mice of 3 (young) and 24 (old) months of age. Old mice have been 
injected with 1 f,Lg a1 3 days before carrier-priming or left uninjected. Graded 
numbers (2.5, 5, 7.5,10,12.5 x 104) ofT-cell-enriched spleen cells from carrier
primed young or old mice, untreated or treated with a], have been added to culture 
wells containing 1 x 106 normal spleen cells from young mice and 2 X 105 

TNP-HRBC. As shown in the two separate experiments of Fig. 1, the age-related 
impairment of helper T-cell activity is repaired to some extent by a single injection 
of 1 f,Lg a1' This finding is in line with the results of Table I suggesting that full 
recovery of helper T-cell activity may not be achieved in 24-month-old mice after 
a1 injection. 

T-cell-enriched spleen cell populations from carrier-primed young or old mice 
have been dissected out by nylon wool filtration in passed (Thl) and adherent (Th2) 
T cells to investigate whether aging affects helper activity of either one or both cell 
types. Normal spleen cells (1 x 106) from young mice and 2 X 105 TNP-HRBC 
have been cultured alone or with 5 x 104 Thl cells and/or 7.5 x 104 Th2 cells. 
Results in Table II demonstrate impairment of helper activity of both Thl and Th2 
cells from old mice when tested either separately or upon their recombination. The 
aging effect was also evident when one cell type from old mice was recombined 
with the other cell type from young mice. 
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FIGURE 1. Effect of thymosin a, injection on helper activity of T-cell-enriched spleen cell 
populations. Old mice were left uninjected or injected with 1 ILg a, in 0.2 ml saline 3 days before 
carrier-priming. 
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TABLE II. Effect of Aging on Helper 
Activity of Nylon Wool-Separated 

T Cellsa 

Passed T cells 

None 
Young 
Old 

Adherent T cells 

None 

29 
207 
155 

Young 

143 
565 
210 

Old 

83 
380 
180 

, Splenic T cells from HRBC-primed young (3 month) 
or old (24 month) mice were separated by nylon 
wool filtration. Passed (5 x 104) andlor adherent 
(7.5 x 104) cells were added to cultures containing 
normal spleen cells (I X 10') from young mice and 
2 X 10' TNP-HRBC. 
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Helper activity of Thl and Th2 cells from old mice injected with I fLg a, 3 
days before carrier-priming was assessed as described above. Results in Table III 
confirm the age-related impairment of Th 1 and Th2 cells and indicate that upon a, 
treatment, helper activity of both cell types recovers to a large extent when Thl 
and Th2 cells are tested separately. However, following recombination, enhance
ment of helper activity is evident only when Thl but not Th2 cells are derived from 
aI-injected old mice, suggesting that al also induces nylon-adherent suppressor T 
cells that counteract the helper activity of Thl cells. 

In conclusion, the present results confirm and extend previous findings (Frasca 
et at., 1982) demonstrating that injection of immunodeficient aged mice with a, 
can restore helper T-cell activity. Furthermore, a, appears to act on the precursors 
of both Thl and Th2 cells which synergize in the generation of helper activity (Tada 
et al., 1978) a process that is impaired by aging (Doria et al., 1980). In addition, 
our results indicate that a, also induces nylon-adherent suppressor T cells which 
negatively influence the helper activity of Thl cells. However, the prevailing effect 

TABLE III. Effect of Aging and 0:1 Injection on 
Helper Activity of Nylon Wool-Separated T Cellsa 

Adherent T cells 

Passed T cells None Young Old Old + at 

None 54 231 III 276 
Young 487 948 432 426 
Old 105 216 171 108 
Old + at 209 402 306 216 

, Spleen cells from HRBC-primed young (3 month) or old (24 month) 
mice were separated by nylon wool filtration. Passed (5 X 104) andl 
or adherent (7.5 x 104) cells were added to cultures containing nOf
mal spleen cells (\ x 100)from young mice and 2 x I (}' TNP-HRBC. 
Old mice were injected i.p. with I J.Lg "" 3 days before HRBC 
priming. 
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of aJ, at the doses used, appears to be enhancement of helper cell activity. Current 
studies in our laboratory investigate whether al at different doses modulates the 
balance between helper and suppressor cell activity. 
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1. INTRODUCTION 

43 

The subjects of the present study are the genetically diabetic mouse C57BLlKsJ
db/db (or db/db) and its nondiabetic heterologous strain C57BLlKsJ-db/m (db/m). 
These animals have a life span of approximately 6 to 8 months and exhibit the 
glycosuria (at least 2 mg/lOO ml as adults), polyuria, polydipsia, and obesity (max
imum weight of 45 g) expected in diabetes mellitus. Hummel et al. (1966) first 
described the db/db mouse from an endocrinological viewpoint. Pathological changes 
are limited in most cases to degranulation and degeneration of pancreatic j3 cells 
due to the short life span of the mouse (Heiniger and Dorey, 1981). The infiltration 
of lymphocytes around the pancreatic islet cells has been reported with juvenile
onset insulin-dependent diabetes (leCompte, 1958; Gepts, 1965; Egeberg et al., 
1976; MacCuish and Irvine, 1975) and occasionally with the adult-onset type 
(leCompte and Legg, 1972). It has been shown that this disease may be transferred 
using spleen cells of the animals with streptozotocin-induced diabetes (Buschard 
and Rygaard, 1977) or by injecting human diabetic peripheral blood lymphocytes 
into athymic nude mice (Buschard et al., 1978). Handwerger et al. (1980) suggested 
that this ability to induce diabetes in nondiabetic subjects is due to the transfer of 
lymphocytes reactive to antigens on 13 cells of the islets of Langerhans. Cell
mediated immunity has also been shown to be directed at pancreatic antigens (Nerup 
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etal.,1971, 1973a,b, 1974), insulin (Berson and Yalow, 1959a,b, 1965),proinsulin 
(Kumar and Miller, 1973), glucagon, and somatostatin (Bottazzo and Lendrum, 
1976). 

The connection between the thymus gland and diabetes mellitus has led us to 
utilize thymosin fraction 5 and two of its component peptides in an attempt to 
alleviate the symptoms of this disease and restore immune function in the db/db 
mouse. 

2. MATERIALS AND METHODS 

2.1. Animals 

Genetically diabetic db/db mice and nondiabetic db/m animals were obtained 
from The Jackson Laboratory, Bar Harbor, Maine, at 5 weeks of age. They were 
maintained on a 12-hr light/dark cycle and given food (Purina Rat Chow) and water 
ad libitum for 6 weeks prior to experimentation. 

2.2. Thymosin Administration 

Thymosin fraction 5 and thymosin peptides <Xl and <X7 were donated by Dr. 
A. L. Goldstein, Department of Biochemistry, The George Washington University 
School of Medicine and Health Sciences, Washington, D.C., and Hoffman-La 
Roche Inc., Nutley, New Jersey. Animals received a total of 10 i.p. injections over 
a 20-day period. Fraction 5 was administered at 500 j.Lg/injection while <Xl animals 
received 10 j.Lg and the <X7 group received I j.Lg/injection. 

2.3. Urine Glucose Testing 

Urine glucose levels were determined at time of injection using Diastix (Miles 
Laboratories, Elkhart, Ind.). All animals in experimental and control groups were 
fasted for 2 hr and then allowed to feed for 2 hr. Food was removed and glucose 
levels were tested 30 to 60 min postfeeding. The weight of food consumed during 
the 2-hr feeding period was determined to see if a correlation exists between urine 
glucose concentration and food intake or thymosin administration. 

2.4. Indirect Cytotoxicity Assay 

Animals were sacrificed by cervical dislocation. Single-cell suspensions from 
the spleens (Mishell and Shiigi, 1980) were prepared using Cedarlane Cytotoxicity 
Medium (Accurate Chemical, Westbury, N.Y.). The spleen suspension was layered 
onto Lymphocyte M separation medium (Cedarlane Laboratories, Ontario, Canada) 
and centrifuged at room temperature, 1200 rpm for 15 min. The lymphocyte layer 
was pipetted off and washed three times. 

Cell concentration was adjusted to 6 x 106 cells/m!. Viability was determined 
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by staining with ethidium bromide/acridine orange solution (Bottazzo and Lendrum, 
1976). 

The cytotoxicity assay was performed using arsanilate-conjugated anti-Lyt-l + 

and anti-Lyt-2 + monoclonal antibodies (1 : 750) and rabbit antiarsanilate serum 
(1 : 500; Becton-Dickinson, Sunnyvale, Calif.). Optimal concentrations for the use 
of monoclonal antibodies and antiarsanilate were predetermined by optimal killing 
analysis. 

2.5. Plaque-Forming Cell (PFC) Assay 

Animals were sacrificed by cervical dislocation. Spleen single-cell suspensions 
were prepared (Mishell and Shiigi, 1980) in Eagle's minimum essential medium 
(GIBCQ, Grand Island, N.Y.). The cells were washed twice by centrifuging for 
10 min, 1200 rpm at 4°C. Cell concentration was adjusted to 4 X 106 cells/ml. 
The PFC assay was performed according to the Cunningham method as described 
by Lefkovits and Cosenza (1979). 

3. RESULTS 

3.1. Urine Glucose Testing 

Urine glucose levels in all db/db animals were 2 mg/l00 ml or higher prior 
to thymosin administratiron (Table I). Control db/m animals were negative for urine 
glucose at all times. After 10 injections of fraction 5, five of the eight db/db mice 
showed a drop in urine glucose levels to 1 or 0.5 mgll00 ml. The diabetic animals 
receiving <Xl or <X7 had a glucose value of 1 mg/lOO ml. 

There was an overall trend toward increasing food intake within the groups of 
diabetic animals receiving thymosin (Fig. 1). This was especially true of the <X7 

mice which exhibited a 32% increase in food consumption. Fraction 5 and <Xl 

recipients increased food intake by 21 and 10%, respectively. 

TABLE I. Urine Glucose Levels 

No. of animals with urine glucose '" 2 mg/IOO ml 

Treatment Before treatment After 10 injections 

db/db Fraction 5 
(500 lLg/injection) 8 of 8 3 of 8 

(1, 

(IO ILg/injection) 2of2 o of 2 
(17 

(I lLg/injection) 3 of 3 o of 3 
Saline 8 of 8 7 of 8 

db/m Fraction 5 
(500 lLg/injection) o of 8 o of 8 

No treatment o of7 o of7 
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FIGURE 1. Food consumption in thymosin
treated mice. 

Among db/db mice, fraction 5 caused a significant change in the T-helper 
subset (Fig. 2A): cytotoxicity increased from 11.6% to 16.3% following treatment. 
Suppressor cell increase was even more marked, rising from 4.3% to 8.9% (Fig. 
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FIGURE 3. Plaque-forming cells in experimental and control groups. 

2C). Helper cells among dblm mice rose from 14% to 17% with treatment (Fig. 
2B), while cells bearing the Lyt-2 + receptor dropped from 10.2% to 6.6% (Fig. 
2D). The groups of mice given a] and a7 were too few in number to provide 
significant results but, similar to the fraction 5 group, they both produced an increase 
in T-helper and -suppressor subsets among the dbldb mice, with no effect on the 
dblm helper cells and a slight increase among dblm suppressor cells. Autoclaved 
thymosin had no effect on percentages of Lyt-l + and Lyt-2 + cells. 

3.3. PFC Assay 

The ability of dbldb mice to form hemolytic plaques to sheep red blood cells 
was markedly depressed as compared to dblm controls (Fig. 3). Plaques per 106 

cells increased from an average of 240 to 550 in the thymosin-treated dbldb spleens, 
while in the treated dblm animals, PFC dropped from an average of 800 to 290. 
Results with both a] and a7, while not conclusive, showed a decrease in plaque
forming capacity. 

4. DISCUSSION 

The results obtained in this investigation indicate that diabetes in the dbldb 
mouse is an autoimmune-like disease with symptoms similar to those of human 
adult-onset diabetes mellitus. As in classic autoimmune diseases, such as lupus 
erythematosus and rheumatoid arthritis, the autoimmune phenomenon in the dbldb 
is characterized by depressed numbers of T -suppressor cells (cells bearing Lyt -2 + 

receptors). Fernandes et al. (1978) have demonstrated that these mice have a di
minished ability to reject skin grafts and to generate cytotoxic cells as well as 
decreased thymic weights and DNA synthesis in the thymus. In addition, thymic 
pathology and lymphocyte dysfunction were shown by Dardenne et al. (1983), 
evidenced by an accelerated age-dependent decline in histological structure and a 
reduced number of cells with serum thymic factor (FTS) receptors in the thymus. 
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Abnonnalities in the immune function of lupus mice (Koike et al., 1979; 
Krakauer et at., 1980) and spontaneously hypertensive rats (Takeichi et at., 1980) 
have been attributed to a natural thymocytotoxic antibody directed preferentially 
against T-suppressor cells. If a similar autoantibody is generated in the db/db mouse, 
an agent useful in treating diabetes should possess not only a hypoglycemic action, 
but should be immunologically therapeutic. Increasing suppressor cells or function 
could, theoretically, block the action of those cells or antibodies which inhibit 
insulin release. Similarly, increasing T-helper cells could increase the anti-idiotype 
antibody and thereby inhibit the anti-J3 cell or anti-insulin antibody. Both T sup
pressors and helpers could also function to alleviate immune blocking of insulin 
receptors, if receptor blocking is involved in this disease. 

Data presented here indicate that thymosin increases both T suppressors and 
helpers in the db/db mouse. Although the evidence obtained on (XI and (X7 was 
inconclusive due to the small number of animals treated, it did appear that all 
thymosin fractions increased T -helper and -suppressor populations. Concurrently, 
glycosuria was diminished and food intake was increased. The extremely small 
amounts of the (XI and (X7 fractions used as compared to thymosin fraction 5 should 
be noted. It would appear that dosages necessary to produce results decline with 
isolation of active peptides of thymosin. 

As the db/db mouse has been known as the prototype of insulin-resistant 
diabetes, due to pathological thymic function, it would appear possible that treatment 
with a thymic extract such as thymosin could increase the number of T cells or B
"suppressor" or anti-idiotypic clones and thereby ameliorate the disease. 

5. SUMMARY 

The genetically diabetic C57BUKsJ-db/db mouse illustrates the autoimmune 
phenomenon present in insulin-resistant diabetes mellitus. In this study, fraction 5, 
a honnone of the bovine thymus gland and a stimulator of T-cell subpopulations, 
was used in vivo to determine its effects on the splenic immune system and the 
diabetic syndrome. Preliminary experiments were also perfonned using two thy
mosin peptides, (XI and (X7. Ten injections of these substances given i.p. over a 20-
day period reduced urine glucose levels in 10 of 13 of the diabetic animals while 
food intake was increased an average of 33%. Indirect cytotoxicity testing showed 
an increase in T-helper (Lyt-l +) and T-suppressor (Lyt-2+) cell numbers in diabetic 
mice, but not in the nondiabetic controls. In addition, PFC increased in the diabetic 
mice. Thymosin extracts appear to be inducers of T-helper and -suppressor cells 
and function as hypoglycemic agents in these diabetic autoimmune mice. 
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Role of Thymosin Fraction 5 in 
Host Defenses to Leukemia in 
Nutritionally Stressed Mice 

RONALD ROSS WATSON, THOMAS M. PETRO, 
and GEORGE L. MANDERINO 

1. INTRODUCTION 

Lymphoid cells are continually generated throughout life and are susceptible to 
changes in nutritional intake. The thymus gland seems to be very sensitive to 
nutritional stresses which has important consequences for immunoregulation, thymic 
hormone production, disease resistance, and health (Petro and Watson, 1982). The 
relationship between nutritional stresses, thymus functions, and immune defenses 
has recently been reviewed in detail elsewhere (Manderino and Watson, 1984) and 
is summarized briefly here. Clearly, thymus growth and T-lymphocyte functions 
can be enhanced or suppressed by high (Watson, 1984) or low (Manderino and 
Watson, 1983) intakes of various nutrients. For example, high vitamin A or retinoid 
intakes enhance thymus growth and cellular immune functions (Watson, 1984). 
The effects and/or role of thymic hormones on these immunological changes is 
unclear. Therefore, studies of thymosin fraction 5 (TF5) and its effects on resis-
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tance to leukemia growth in malnourished mice were undertaken and are detailed 
herein. 

2. MALNUTRITION AND THYMUS FUNCTION 

Smythe et al. (1971) examined thymuses from children who died with kwash
iorkor and with marasmus. The abnormalities included acute or chronic thymic 
involution characterized by depletion of thymocytes with loss of distinction between 
the cortex and medullary areas, narrow lobules, and replacement of Hassall's cor
puscles with fibrous tissue. Despite the extreme atrophy of the thymus induced by 
malnutrition, regeneration to normal thymic weight and cellularity has been achieved 
by feeding malnourished mice a standard high-protein diet (Suskind, 1977). This 
suggested that thymic atrophy induced by malnutrition does not lead to premature 
thymic involution with its implication of permanence. However, renutrition of 
children showed short-term increases in cellular immune functions with subsequent 
decline, even though the children remained well nourished (McMurray et al., 1981). 

Lymphocyte subpopulations in severely malnourished individuals have dem
onstrated a reduction of T lymphocytes identified by their ability to bind sponta
neously to sheep red blood cells in a rosette configuration (McMurray et al., 1981). 
Many possible mechanisms may contribute to the reduction in T-lymphocyte num
bers commonly observed in protein-energy malnutrition. Thymic atrophy and de
pletion of thymus-dependent areas of peripheral lymphoid tissues may be the most 
significant factors. The pathogenesis of these histological changes has not been 
elucidated. Nutritional deficiencies may, however, directly affect lymphocyte dif
ferentiation by inhibiting the metabolism of rapidly dividing thymocytes or by 
suppressing the production of thymic epithelial cell products essential for normal 
lymphocyte differentiation. 

It has been reported that the reduction of T lymphocytes in malnourished 
patients correlated with an increase of null cells (Chandra, 1979). Chandra (1979) 
has reported a marked increase in levels of terminal deoxynucleotidyl transferase 
(TdT) in lymphocyte extracts obtained from severely malnourished children. The 
increase in TdT in these malnourished children correlated with an increase in the 
incidence of circulating null cells and a decrease in T lymphocytes. These findings 
suggest that reduced levels of T lymphocytes with a concomitant increase in null 
cell levels in malnourished children may be partly responsible for immunodefi
ciencies observed in this group. A recent study of the levels ofTdT in the circulation 
of certain hospitalized, malnourished adults in the United States has confirmed these 
findings (Duncan et al., 1983). 

Jackson and Zaman (1980) have shown that thymopoietin mixed with peripheral 
blood lymphocytes of malnourished children increases the number of rosetting cells 
in vitro. In addition, TF5 has been shown to induce rosette formation in peripheral 
blood lymphocytes of children with kwashiorkor (Olusi et al., 1980). In animal 
studies, thymic factor activity was significantly reduced in rats fed calorie-restricted 
diets (Heresi and Chandra, 1980). Diminished thymic hormone activity has also 
been observed in the sera of malnourished children. 
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3. THYMOSIN RESTORATION OF RESISTANCE TO LEUKEMIA 
CELL GROWTH IN PROTEIN-MALNOURISHED MICE 

We have recently perfonned experiments based on the assumption that nutri
tional stresses cause altered T-cell function via reduction of thymic honnone pro
duction. Young Balb/c female mice (3 weeks of age) were fed any of three isocaloric 
diets containing varying amounts of protein (0, 4, and 20% casein) which were 
models of severe protein malnutrition, moderate protein malnutrition, and nonnal 
nutrition. 

We obtained female Balb/c mice 3 weeks of age from Harlan-Sprague-Dawley 
(Indianapolis, Ind.). After consuming the respective diets for 6 weeks, each mouse 
was given i.p. injections of either 100 ILg of TF5 (Hoffman-LaRoche, Nutley, 
N.J.) or phosphate-buffered saline (PBS) every other day for 2 weeks. Immediately 
after the last thymosin or PBS treatment, the mice were injected i.p. with 107 Ll210 
cells. Mice were sacrificed prior to, 7, and 14 days postinoculation with the L1210 
cells. The number of peritoneal exudate cells (PEC), spleen cell cytotoxicity against 
Ll210 cells, and mitogenesis of spleen cells induced by PHA were assayed. Each 
datum consisted of the mean values from at least five mice. 

TF5 consistently showed an immunopotentiating effect in the severely protein
deficient, immunosuppressed mice (Chien et al., 1983) as measured by mitogen
induced lymphocyte transfonnation. Thus, severe protein malnourishment is im
munosuppressive and TF5 partially restores the suppressed responses. 

Moderate or mild protein malnutrition (4% protein) does not suppress these 
responses; rather, it may enhance them on a per cell basis. Lymphocyte mitogenesis 
and leukemia growth in the moderately protein-malnourished mice injected with 
TF5 were also altered. Both PHA- and LPS-induced lymphocyte transfonnations 
in the moderately protein-malnourished mice injected with TF5 were elevated as 

TABLE I. Thymosin Treatment and Resistance of Protein-Malnourished Mice 
against L 1210 Leukemia Cell Growth8 

Time after PEe (x 1 (6)b at following times after injection of 
Dietary 
protein 

level (%) 

20 
20 
4 
4 

20 
20 
4 
4 

Treatment 
type (Lp. 
injection) 

PBS 
Thymosin 
PBS 
Thymosin 
PBS 
Thymosin 
PBS 
Thymosin 

last 
treatment 

(days) 

7 
7 
7 
7 

• Modified from Petro and Watson (1982). 

Day 0 

7.2 ± 1.1' 
11.3 ± 1.6d 

1.2 ± 0.8d 
0.2 ± O.ld 

b Challenged with I x 10' LI210 mouse leukemia cells. 
'Mean ± S.E. 

LI210 cells 

Day 7 

398.3 ± 105.4 
377.3 ± 68.7 
166.2 ± 41.2d 

4.27 ± 24.4d 
562.0 ± 43.3 
353.4 ± 64.5d 

450.7 ± 113.5 
300.9 ± 73.gd 

d Significantly different from PBS-treated mice fed the control diet: p < 0.05. 

Day 14 

14.5 ± 2.7 
15.0 ± 6.0 
19.2 ± 9.5 
15.0 ± 2.6 
18.9 ± 3.4 
19.2 ± 6.1 
11.3 ± 1.6d 

11.7 ± I.gd 
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compared with mice fed normally. In contrast, TF5 did not increase the immune 
responsiveness in the mice fed normally, but had a suppressive effect (Petro and 
Watson, 1982). Moderately protein-malnourished mice injected with LI2lO cells 
exhibited reduced growth of the cells (Table I). This reduction in the moderately 
malnourished mice. The nutritionally normal mice injected with TF-5 showed no 
similar enhancement (Petro and Watson, 1982). 

4. HIGH- AND LOW-FAT INTAKES: IMMUNE FUNCTIONS AND 
RESISTANCE TO LEUKEMIA AFTER TF51NJECTION 

A similar experiment has been performed with different dietary regimens, 
including a dietary excess. Young Balb/c female mice were fed three different fat 
diets [low (0% com oil), normal (5% com oil), or high (20% com oil) fat] beginning 
at the age of 4 weeks. Mice from each dietary group were injected i.p. with either 
TF5 or PBS as described above. 

There was no significant difference between the TF5-treated and the PBS
treated mice within each dietary group as to the number of splenic lymphocytes 
isolated. The thymosin-treated groups for each time point showed no significant 
difference when controls were compared to thymosin-treated mice fed the fat-free 
or high-fat diet. After dietary stress and TF5 injection, PHA mitogenesis showed 
no significant effect of TF5 injection except in mice fed the 0% fat diet, where 
there was a statistically significant decline. Otherwise, the 20% fat and 0% fat diets 
did not change the PHA mitogenesis compared to mice fed the control (5% fat) 
diet. 

There was a significant increase 7 and 14 days postinjection in cell-mediated 
cytotoxicity (CMC) in all groups of mice. At day 0 the mice fed the fat-free diet 

TABLE II. Effect of Thymosin Treatment on Resistance against L1210 Leukemia 
Cell Growth of Mice Fed High- and Low-Fat Diets 

PEe (X 106)a 

Dietary fat Treatment 
at following times after injection of LI 210 cells 

level type 

20 PBS 
20 Thymosin 

5 PBS 
5 Thymosin 

0 PBS 
0 Thymosin 

Day 0 

7.2 ± l.lb 

11.3 ± 1.6' 

Day 7 

374.2 ± 88. I< 
15.7 ± 4,SC·d 

267.5 ± 36.8 
194.2 ± 110.3 

173.3 ± 57.SC 
95.2 ± 36.SC·d 

Q Challenged with I x 107 L1210 mouse leukemia cells at day 0 by i.p. injection. 

Day 14 

12.5 ± 2.0 
8.3 ± 1.1< 

16.0 ± 2.2 
9.2 ± 0.7' 

9.0 ± 1.0' 
11.0 ± I.OC,d 

b Mean ± S,E. Each data point represents at least five mice. Mice aged 3 weeks were fed diets for 6 weeks, then 
treated wtih PBS or TF5 (0.7 mg) i.p. every other day for 2 weeks, prior to injection of LI210 cells. 

e Significantly different from PBS-treated mice fed control diet (5% fat): p < 0.05. 
d Significantly different from PBS-treated mice fed same diet (either 0 or 20% fat): p < 0.05. 
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had significantly lower CMC activity than control mice. The TF5-treated mice, fed 
the 5% fat diet, had a significant reduction in CMC activity only at day 14. 

Seven days after injection of leukemia cells the number of leukemia cells 
isolated from the peritoneal cavity all increased significantly (Table II). However, 
the increase was significantly less in the mice injected with TF5 and fed the high
fat and fat-free diets (p <0.05). A similar reduction was indicated in the mice fed 
the 5% fat diet and TF5-treated. In the PBS-injected mice, the high-fat diet resulted 
in increased growth of leukemia cells while the fat-free diet reduced it compared 
to controls. By day 14, all mice had few leukemia cells. The number isolated were 
significantly smaller in all groups of TF5-treated mice than in PBS-treated control 
mice fed the control (5% fat) diet. Similar results were observed (Table I) in mice 
stressed with a 4% protein diet (Petro and Watson, 1982). 

5. CONCLUSIONS 

There is an enhancing effect of a high-fat diet on growth of leukemia cells. 
This has been observed by others who have found increased tumor growth in animals 
fed high-fat diets. A possible explanation is an alteration in some key immune 
function. Our data do not significantly explain the suppressed resistance to leukemia 
growth as we did not find large decreases in immunological functions we measured. 
There are several other important host defenses which could have been affected 
including phagocytosis which were not studied. On the other hand, mice fed the 
0% fat diet and injected with PBS had a somewhat enhanced resistance to leukemia 
cell growth. This change also did not correlate with any enhancement of the immune 
parameters we measured: spleen cell number, PHA mitogenesis, and CMC activity. 
However, we have recently shown that a low-fat diet enhances serum corticosteroid 
levels (Chien et ai., 1983). High corticosteroid levels are suppressive for leukemia 
growth in vitro and in vivo. Elevated levels observed in mice fed similar diets are 
a partial explanation for enhanced resistance to leukemia cell growth in nutritionally 
stressed mice. TF5 produced additional resistance to leukemia cell growth while 
reducing serum corticosteroid levels moderately (Chien et ai., 1983). 

TF5 injection had a significant enhancing effect on resistance to leukemia cell 
growth at day 7 and 14 postinjection of the leukemia cells in mice which were 
nutritionally stressed with high- or low-fat diets (Table II), but not the mice fed 
the control (5% fat) diet. Thus, these data confirm our previous observations. Our 
moderately protein-deficient diet produced nutritional stress and TF5 injection was 
applied to overcome alterations to thymic function and disease resistance. We found 
that TF5 greatly stimulated resistance to Listeria monocytogenes and to Ll210 cell 
growth in the moderately protein-stressed mice but not in nutritionally normal 
animals (Petro et ai., 1982; Petro and Watson, 1982). Although a partial explanation 
could have been enhanced lymphocyte mitogenesis to PHA, the greatly reduced 
number of hyperactive lymphocytes makes this changed immune function probably 
only a minor component of enhanced resistance. It is clear that TF5 injection in 
nutritionally stressed animals enhanced resistance but the key immunological change 
promoting this has not been identified. The importance of TF5 to enhanced resistance 
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and some immune functions needs to be defined in humans, particularly cancer 
patients who are often nutritionally stressed. In addition, the effects of various 
immunostimulating therapies, such as high retinoid intakes, on cancer resistance 
and thymus function need to be understood (Watson, 1984). 
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Tumor Growth, Interleukins, and 
Immune Complexes 

THANJAVUR RAVIKUMAR, GLENN STEELE, Jr., 
MARY RODRICK, JEANNE MARRAZO, 
DONALD ROSS, and STEPHEN LAHEY 

1. INTRODUCTION 

Using an antigen-nonspecific assay for circulating immune complexes (PEG-CIC) 
that detects immune complexes in regions of both antigen and antibody excess, we 
have shown in our recent studies that changes in serial PEG-CIC levels correlate 
with changes in tumor volume in a variety of human and animal tumors (Jerry et 
al., 1976; Rodrick et al., 1983). Furthermore, the elevations in CIC levels were 
shown to precede decreases in T-cell mitogenic responses to PHA. The precise 
mechanism of immune modulation in tumor-bearing hosts still remains unclear 
although regulatory interactions between host immunocytes are undoubtedly in
volved. As interleukins (IL) playa central role in the mediation and amplification 
of immune response, and as our earlier data pointed to a temporal relationship 
between changes in PEG-CIC and tumor growth, we postulated that immune com
plexes by perturbing intercellular interactions might decrease IL generation. 

The current investigation was, therefore, undertaken to serially monitor PEG
CIC levels and the capacity to generate IL-l and IL-2 by the tumor-bearing hosts 
in a syngeneic rat colon cancer model at successive stages of tumor progression. 
Subsequently, experiments were performed to delineate the mechanism of inhibition 
of IL generation. The animals bearing progressively growing tumors exhibited a 
decrease in the ability to elaborate IL-l and IL-2, and this correlated with serial 
increase in CIC levels. Preliminary evidence is also presented that suggests a causal 
relationship between CIC and inhibition of IL-I generation. 

THANJAVUR RAVIKUMAR, GLENN STEELE, Jr., MARY RODRICK, JEANNE MARRAZO, 
DONALD ROSS, and STEPHEN LAHEY. Department of Surgery, Brigham & Women's Hospital 
and Dana-Farber Cancer Institute, Harvard Medical School, Boston, Massachusetts 02115. 
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2. MATERIALS AND METHODS 

Male WistarlFurth (WlFu) rats were used at 8-10 weeks of age. Rats were 
fed nonnal pellet diets and given water ad libitum. 2 X 106 live DMH-WI63 cells 
(DMH-WI63 is a 1,2-dimethylhydrazine-induced colon adenocarcinoma which is 
being maintained by continuous in vivo passage) suspended in sterile phosphate
buffered saline (PBS) were injected s.c. into the right leg of experimental rats. 
Nonnal age-matched control rats were given a similar volume of PBS alone. Tumor 
growth was measured twice weekly with Vernier calipers and the volume detennined 
in cubic centimeters. Experimental and control rats were bled before isografting 
and weekly thereafter. Serum was frozen and stored at - 20°C until tested. CIC in 
serial serum samples were quantitated using the 3.7S% polyethylene glycol 6000 
assay (PEG-CIC), and the results were expressed as dOD450 X 103 (Rodrick et 
al., 1983). 

Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-Hypaque 
separation of heparinized blood. For IL-l generation experiments, adherent mono
nuclear cells (AMC; 1 X 106 cells/well) were cultured with lipopolysaccharide 
(LPS; S J.Lg/welI) for 24 hr. IL-2 was generated by coculturing PBMC (final con
centration 1 x 106 cells/ml) with Con A (final concentration 2.S J.Lg/ml) for 48 hr. 
To minimize interassay variability, the IL-l and IL-2 thus generated were frozen 
at - 70°C until the assay was perfonned at the conclusion of the experiment. IL
l assay was based on augmentation of PHA-stimulated C3H/HeJ mouse thymocyte 
proliferation as measured by eH]-TdR incorporation. IL-2 was tested by the mi
croassay based on [3H]-TdR incorporation by the IL-2-dependent cell line CTLL-
2. 

In the subsequent experiment, peripheral AMC, pooled from six nonnal rats, 
were preincubated with serial fourfold dilutions of either nonnal rat sera (NRS) or 
sera from rats bearing l.S-to-2-cm DMH-WI63 tumors (tumor-bearer sera; TBS). 
IL-l generation and assay were carried out as described above. 

3. RESULTS 

Tumor Growth in Isografted Animals. The injection of 2 x 106 live DMH
Wl63 cells resulted in a progressive tumor growth after a latent period of 1 week. 
Regional metastases were detected during the fourth week, and all tumor-bearing 
rats died within a week after regional spread of tumor. 

Serial PEG-CIC Levels during Tumor Growth. While there was no difference 
in the PEG-CIC levels between isografted and control rats before and 1 week after 
isografting, a moderate but not significant rise in CIC levels occurred in tumor
bearers at week 2 (Table I). At week 3, when the mean tumor volume was 7.5 
cm3, there was a significant rise in the CIC levels in tumor-bearing animals (tumor 
bearers: 431 ± l1S; controls: 277 ± 3S; p <O.OS). Large tumor burden and re
gional spread of tumor resulted in a relative decrease of CIC; the levels were, 
however, still higher than the control levels. 
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TABLE I. CIC Levels and Interleukin Generation during Tumor Growth 

CIC levels (~OD450) x 103 IL generation: % of control 
(mean ± S.E.M.) in tumor-bearers 

Weeks after Mean tumor 
isograft Control Tumor-bearers volume (cm3) IL_la IL-2b 

Baseline 246 ± 32 193 ± 23 100% 100% 
I 259 ± 18 258 ± 14 51% 29% 
2 244 ± 48 358 ± 53' 0.4 56% 32% 
3 277 ± 35 431 ± 115d 7.5 16.6% 23% 
4 277 ± 35 342 ± 128 32 0.9% 10% 

• The baseline levels of IL·I were similar for control rats (n = 5) and tumor-bearers (n = 15) and were arbitrarily 
assigned an activity of 10 units/ml. The weekly IL-I levels were compared against this baseline level of IL-1. 

b Fifty percent of the maximum PH)-TdR incorporation in the baseline samples was obtained by probit analysis and 
was given an arbitrary value of I unitlml. The value of the weekly sample divided by that of baseline value gives 
the relative IL-2 concentration. 

c p < 0.1. 
d P < 0.05. 

IL and Tumor Growth. The units of IL-l activity were determined as described 
by Mizel et al. (1978). IL-2 responses were analyzed according to the method 
described by Gilles et al. (1978). The baseline level of IL was used as the standard 
against which serial IL levels were compared. The control rats showed a decline 
during the successive weeks due to immunosuppressive effects of anesthesia, re
petitive bleeding, etc. To account for these variables, the levels of IL-l and IL-2 
are expressed as the percent in tumor-bearers when compared with control rats each 
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FIGURE 1. Correlation of PEG-CIC and IL production. 
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TABLE II. Comparison of Inhibition of IL-1 Generation of 
Normal AMC by Normal and Tumor-Bearer Rat Sera 

Units of IL-I a 

activity % IL-I generation by 
Serum dilution used incubation with TBS, 

for incubation with AMC NRS TBS compared to NRS 

I: 4 3.7 0.9 24.3 
I: 16 2.7 1.0 37 
I: 64 3.0 < 0.1 <3 

, Background counts subtracted. Maximum cpm for the assay (2245) taken as 100%. 
Data ploued on probit plot and EC,o calculated for each assay and expressed as IL-I 
units. 

week (Table I). The ability of AMC to elaborate IL-I and PBMC to elaborate IL-
2 decreased progressively in tumor-bearing animals. The fall was greatest when the 
tumors were large and metastatic (lL-I: 0.9%, IL-2: 10% of control animals in 
tumor-bearing rats; p <0.01, analysis of variance). 

Correlation of PEG-CIC and IL Production (Fig. 1). During local tumor 
growth, there was a good negative correlation (r = - 0.768) between serial PEG
CIC levels and IL-I and IL-2 generation by AMC and PBMC, respectively. 

The Comparative Role of NRS and TBS in the Inhibition of IL-I Generation 
(Table II). Normal AMC from peripheral blood of six W/Fu rats were plated in the 
same cell concentration as the previous experiments but were incubated with sera 
from either normal or tumor-bearing rats. TBS were obtained from rats harboring 
1.5- to 2-cm tumors, for the peak CIC level correlated to moderate tumor volumes. 
Serial fourfold dilutions of normal serum did not show a significant difference in 
IL-I generation, but the AMC, preincubated with TBS at different dilutions, gen
erated only 37% to less than 3% of IL-l produced by those treated with normal rat 
sera. 

4. DISCUSSION AND SUMMARY 

This investigation addresses the question of immunosuppression during tumor 
growth and postulates one mechanism in a syngeneic rat colon cancer isograft model. 
The tumor-bearing hosts manifested a decline in the capacity to generate IL with 
the growth of tumor. Generation of IL-I by AMC and IL-2 by PBMC decreased 
progressively during tumor growth, and IL production fell profoundly when regional 
metastases were noted. Concurrent with the tumor growth, the CIC levels increased 
and peaked when there was a moderate tumor volume. When metastases occurred, 
there was a relative drop in CIC values. During progressive local tumor growth, 
there was an inverse correlation between the capacity to generate IL and PEG-CIC 
levels. The second part of the experiment demonstrated that sera obtained from 
tumor-bearing rats at the time of peak CIC levels could inhibit significantly the 
generation of IL-I by normal host AMC. 

The development of various in vitro assays capable of detecting and accurately 
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quantitating monokines and lymphokines in murine, rat, and human systems has 
resulted in the recent description of a number of these factors necessary for im
munocyte regulation. Of these, IL-I and IL-2 have occupied a central role in 
providing the signals needed for activation of the cellular components of the immune 
system and in amplification of the resultant response. Though Hoffman and Pollack 
(personal communication) have shown that IL-l release by peripheral blood mono
cytes in response to LPS was decreased in many cancer patients, the results were 
conflicting when correlated to the stage of the disease. As the baseline variability 
could be an important factor, longitudinal studies are in order. Our current inves
tigation addresses this question and shows that not only IL-I but also IL-2 generating 
capacity of PBMC drop during tumor growth. The study also shows that there was 
a profound decrease in the capacity of the host to elaborate IL-I and IL-2 when 
there were regional metastases. 

The increase in PEG-CIC levels correlated to a decrease in IL response, cor
responding to a postulated in vivo role for CIC in decreasing host antitumor immune 
response. In addition to the correlative evidence for the role of CIC in cancer, 
immune complexes have been shown to interfere with antigen recognition and 
inactivation of various effector cells (Sedlacek, 1980). In T -cell-dependent antibody 
production, CIC have been shown to inhibit T- and B-cell cooperation; macrophages 
have been shown to be involved in this process (Taylor and Basten, 1976). Although 
the mechanism of immune complex effect on IL production has not been defined 
in this paper, we speculate that immune complexes may interfere with the ability 
of macrophages to elaborate IL-I, by adhering to Fc receptors. They could interfere 
with antigen processing or could inhibit the induction of IL-2 receptors. Mizel et 
al. (1978) and Farr and Unanue (1977) have shown that the stimulatory effects of 
activated T cells on IL production are dependent on physical contact or close 
proximity of the interacting cells. Immune complexes perhaps interfere with the 
physical contact in cell-cell interactions. 

Preliminary data are presented from the first of a series of experiments per
formed in an attempt to delineate the mechanism of inhibition of IL generation. 
Generation of IL by AMC from peripheral blood of normal rats was carried out 
after preincubation with sera of either normal or tumor-bearing rats. The TBS were 
obtained at the time of peak CIC response. The results show a rather significant 
inhibition of IL-l generation by TBS when compared with NRS. These preliminary 
results show that decreased IL-l generation during tumor growth could be caused 
by CIC; reduction in IL-l generation may then lead to diminished IL-2 production, 
thereby dampening the amplification of immune response. 
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1. INTRODUCTION 

46 

Examination of the differentiation pathway leading to clonal expansion of cytotoxic 
T lymphocytes (CTL) has been approached by many methods (Cantor and Boyse, 
1975; Gillis et al., 1979; Reinherz et al., 1980). Detection of soluble factors that 
provide proliferative signals has afforded a new tool for dissecting this pathway. 
The proposed sequential cascade model, resulting in CTL maturation, begins with 
the interaction of macrophage (M<!> )-derived interleukin-l (IL-l) with antigen- or 
mitogen-primed helper T (Th) cells (Farrar et ai., 1980). Th cells then produce both 
IL-2 (Hancock et ai., 1981) and IL-3 (Ihle et al., 1981a). IL-2 stimulates CTL 
precursor proliferation and immune interferon production which leads to the pro
duction of specific, mature CTL (Farrar et ai., 1981). 

Description and characterization of IL-3 (Ihle et ai., 1981a, 1982) allowed 
evaluation of an earlier step of the CTL cascade. Several unique characteristics of 
1L-3 have been established: (1) IL-3 induces 20-a-steroid dehydrogenase (20aSDH) 
expression on athymic nulnu mouse splenocytes (Ihle et al., 1981b); (2) it promotes 
splenocyte but not thymocyte proliferation (Ihle et ai., 1981a); (3) it is a blastogenic 
factor associated with antigen-induced proliferation (Enjuanes et al., 1981); and 
(4) it supports the growth of Thy-l + lymphocytes, adherent Thy-l-,Ia+ cells, and 
mastlike cells that are Thy-l-,Ia + . 

In previous studies (Elgert and Farrar, 1978), we reported the dualistic inhi
bition of splenocyte proliferation in normal and tumor-bearing hosts (TBH) by 
suppressor T (Ts) cells and M<!>. With tumor growth there is a concomitant decrease 
in splenocyte responsiveness to mitogens (Elgert and Farrar, 1978; Farrar and Elgert, 

CAROL J. BURGER and KLAUS D. ELGERT • Department of Biology, Microbiology Section, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061. 
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1978a) or alloantigens (Elgert and Connolly, 1978), and IL-2 activity subsides 
(Burger et al., 1984). This reduction in immune proliferation may result in fewer 
CTL. A recent report indicates that an absence of IL-2 results in a slowdown or 
cessation of cytotoxic activity against tumor cells (Mills and Paetkau, 1980). Be
cause IL-3 is reputed to act at an earlier differentiation step (Ihle et al., 1982), its 
activity during the growth of fibrosarcoma cells was evaluated. Results demonstrated 
that the decrease in IL-3 activity with increasing tumor burden did not appear to 
be due to the presence of a mildly nylon wool-adherent Ts cell. Absorption studies 
suggested that fresh cells have more accessible IL-3 receptors than do Con A
induced blast cells. Used with Con A or phytohemagglutinin (PHA) , IL-3 augmented 
normal splenocyte responses but significantly suppressed the TBH response. In
oculation of IL-3 into normal or TBH also resulted in suppression ofTBH splenocyte 
blastogenesis. 

2. RESULTS AND DISCUSSION 

2.1. Kinetics of IL-3 Activity during Tumor Growth 

Spleen cells were removed from Balb/c Dub mice at specific intervals after 
fibrosarcoma cell inoculation (Elgert and Farrar, 1978), Con A-stimulated for 24 
hr, and the resulting conditioned medium assessed for IL-3 activity. IL-3 activity 
decreased over the 28-day assay period when measured by the 20aSDH assay (Ihle 
et al., 1981 (Fig. 1) or by growth of FDC-Pl cells which have an absolute re
quirement for IL-3 (cells were a kind gift from Dr. James Ihle, Frederick Cancer 
Research Center). Although at day 0 approximately 600 units of IL-3 was measured, 
by day 28 only 62 units was detected. 

2.2. Splenocyte Production of IL-3 after Nylon Wool Fractionation 

As our past research shows that tumor-induced Ts cells (which are mildly nylon 
wool-adherent) inhibit cell proliferation (Elgert and Farrar, 1978), we examined 
whether nylon wool fractionation of splenocytes would alter the suppression of IL-
3 synthesis. Both normal and TBH nonadherent populations (Fig. 2) had increased 
IL-3 production [perhaps due to Tb cell enrichment (Elgert and Farrar, 1978)]. 
However, as TBH nonadherent cells did not produce normal levels of IL-3 when 
Ts cells were removed, IL-3-producing cells may be: (1) found in low numbers in 
TBH; (2) regulated by a cell (or factor from) other than an adherent Ts cell; or (3) 
fully activated but high numbers of responder cells removed IL-3 from the cellular 
milieu as it was formed (Ihle et al., 1981a). 

2.3. Absorption Studies 

In an attempt to discover the receptor population for IL-3, absorption studies 
were done in the manner of Bonnard et al. (1979). Fresh cells (both normal and 
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FIGURE 1. IL-3 activity decreased with increased tumor growth. Fibrosarcoma cells (106 cellsl 
0.1 ml) were transplanted into left hind leg of normal Balb/c recipients at day O. At times indicated, 
spleens were harvested and 107 cells/ml cultured for 24 hr with 2 ILQ/ml Con A to stimulate IL-
3 production. Supematants were tested for IL-3 activity using the enzyme assay for 20aSDH. 
Control mice sham-injected with 106 normal host spleen cells at day 0 had consistent IL -3 activity 
of 450-550 pmoles hydroxyprogesterone (OHP)/hr per 107 cells throughout the experiment. 

TBH) (Fig. 3) appeared to have more accessible IL-3 receptors than Con A-induced 
blast cells, for the fresh cells absorbed significantly more IL-3 than did blast cells. 
The specificity of these receptors awaits testing using purified radiolabeled IL-3 or 
monoclonal anti-IL-3 antibody. If these were definite IL-3 receptors, they were 
evidently not needed once the cell underwent blast transformation and clonal pro
liferation. 

I L3 ACTIVITY 
NYLON WOOL (pmoles OHP/hr/1 0 8 cells) PERCENT 

HOST FRACTION A TlON 300 600 800 1200 INHIBITION 

UNFRACTIONATED -
NORMAL 

NONADHERENT -

UN FRACTIONATED 64 

TBH 
NONADHERENT 54 

FIGURE 2. IL-3 activity following nylon wool separation of normal and TBH splenocytes. Cells 
were incubated on nylon wool columns for 45 min at 37"C. After elution with RPMI medium, 
107 cells/ml were cultured with Con A. After 24 hr, supernatants were harvested and tested for 
IL-3 activity. Percentage of inhibition of IL-3 activity by TBH splenocytes was compared to its 
normal host treatment counterpart. 
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FIGURE 3. Comparison of absorptive capabilities of fresh and activated splenocytes. Spent 
medium from cultures of WEHI-3 cells (constitutive producers of IL-3) was pretested for IL-3 
activity using the IL-3-dependent cell line FDC-P1 . 0.3 ml IL-3-containing supernatant was 
incubated with 107 fresh or Con A-induced blast cells for 1 hr at 3rC. As a control, a tube with 
IL-3 supernatant, but no added cells, was incubated in the same way. No loss of IL-3 activity 
was noted after a 1-hr incubation. Serial dilutions of the resulting absorbed supernatants were 
tested on FDC-P1 cells and the units of IL-3 activity calculated using probit analysis with WEHI-
3 cell-derived supernatant as a control with 100 U IL-3 activity in 1.0 ml. There was a significant 
difference in the amount of IL-3 absorbed by fresh cells as compared to that absorbed by Con 
A-induced blast cells. 

2.4. Modulation of in Vitro Splenocyte Responsiveness by Purified 
IL-3 

The blastogenic effects of IL-3 on normal splenocytes seen by Enjuanes et 
ai., (1981) were substantiated by our findings (Table I) . This effect was not apparent 
in TBH splenocyte cultures as purified IL-3 alone did not enhance cellular prolif
eration and, furthermore, was significantly suppressive when cocultured with the 
mitogens Con A and PHA. Active suppression was suggested by the fact that this 
effect could be titrated away. Viability checks indicated no cytotoxicity to account 
for the low eH]-TdR incorporation. These data suggested the existence of a feedback 
mechanism at work in TBH which may account for low proliferation levels and 
could lead to smaller numbers of effective CTL. 

2.5. In Vivo Effects of IL-3 

The unexpected finding that IL-3 suppressed in vitro proliferation of already 
hyporeactive TBH splenocytes led us to examine the consequences of IL-3 admin
istration in vivo. The responsiveness of normal or TBH splenocytes alone or with 
mitogen was tested 24 hr after a tail vein injection of purified IL-3 (Table II). The 
same pattern of suppression seen in vitro emerged when IL-3 was administered in 
vivo. IL-3 inoculation into normal hosts caused a 22% drop in baseline (treated) 
splenocyte proliferation as compared to splenocytes from medium-injected mice. 



IL-3 IN TUMOR-BEARING HOSTS 

TABLE I. In Vitro Proliferation of Normal and 
TBH Splenocytes in the Presence of IL-3 

Mitogen added (cpm)Q 

Host IL-3 (Vlml) None PHA Con A 

Normal 3178 18,829 207,455 
500 7841 45,784 243,581 
250 43,511 238,055 

50 19.793 242,196 
0.05 18.316 281,068 

TBH 2353 12,943 57,574 
500 2071 879 5,665 
250 1.627 27,208 
50 7.499 51,017 

0.5 10.534 45,492 

• Test wells received 0.05 ml of an optimal concentration of either 
PHA (10 .,.l/m!) or Con A (16 .,.glml). 0.1 ml of purified IL-3 was 
added to 2 x 10' cells/well to a final volume of 0.2 mi. After 66 
hr incubation (37°C. 5% CO2). the cells were pulsed with I .,.Cit 
well ['HJ-TdR (Amersham. Arlington Heights. III.) for 6 hr. har-
vested. and counted by liquid scintillation spectrometry. 
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There was little difference between medium- and IL-3-treated splenocyte prolif
eration in response to Con A (a 3% decrease). However, when PHA was added, 
the blastogenic response of treated splenocytes increased 37%. Spleen cells from 
treated TBH had decreased proliferation in all cases. The baseline response de
creased 18% compared to control animals, quite similar to the normal host baseline 
difference between treated and untreated counterparts. Addition of Con A to the 
treated mouse splenocytes caused a 48% decrease in proliferation, whereas PHA 
addition caused a 29% decrease. The similarity between in vitro and in vivo IL-3-
induced suppression of blastogenic responses in TBH pointed to the existence of a 
tumor-promoted feedback mechanism which may prevent the formation of mature 
CTL. 

TABLE II. Splenocyte Responsiveness following In Vivo IL-3 Administration 

Mitogen added (cpm) 

Host Treatment" None PHA Con A 

Normal Medium control 12,964 44,234 243,546 
IL-3 10.089* 60,642* 237,116 

TBH Medium control 5,566 12,687 162,861 
IL-3 4,548 8,998* 84,888* 

• Mice received a tail vein injection of 10 U purified IL-3 or RPMI medium 24 hr before mitogen assay. 
• Significant difference from sham-inoculated counterpart at p '" 0.01. 
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3. CONCLUSION 

These data indicate that splenocytes from TBH are incapable of producing 
normal levels of IL-3 in vitro. Further, the deficient blastogenic response in TBH 
cannot be reconstituted using addition of exogenous IL-3. The biological relevance 
of the suppressive effect exerted by IL-3 in vitro was substantiated by similar in 
vivo findings. The apparent lack of IL-3 receptors on proliferating cells lends 
credence to the scheme suggesting IL-3 stimulates progenitor or stem cells rather 
than mature, differentiated cells. 

Combining the role of IL-3 in T-cell differentiation, tumor growth-mediated 
diminution of IL-3 activity, and the contribution of CTL to tumor cell killing, the 
importance of IL-3 becomes obvious. Therefore, delineation of the IL-3 mode of 
action in tumor-burdened animals may allow a fuller understanding of the way 
tumor cells subvert the cell-mediated immune response and escape destruction. 
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Lymphokine-Mediated 
Enhancement of Antibody 
Formation by Leukemic Cells 

R. CHRISTOPHER BUTLER, JERI M. FRIER, and 
HERMAN FRIEDMAN 

1. INTRODUCTION 

Infection of susceptible strains of mice with Friend leukemia virus (FL V) results 
in the development of lymphatic leukemia and focus formation within the spleen. 
This leukemogenesis is associated with a progressive impairment of immunological 
responses, includIng those mediated by both T and B lymphocytes (Notkins et al., 
1970). When cultured in vitro the splenocytes from these leukemic mice demonstrate 
a markedly inhibited ability to respond to antigenic stimulation by sheep erythrocyte 
(SRBC) antigens (Specter et al., 1976). It has been generally accepted that this 
impairment is due to the interaction of the virus with antibody-producing B cells 
or their precursors. 

Recent studies, however, have provided evidence that B cells from FLV
infected hosts retain the ability to produce specific antibodies under appropriate 
conditions. For example, even though the development of an antibody response to 
SRBC is suppressed, the "background" antibody response of unsensitized FL V
infected splenocytes remains at normal levels (Bendinelli and Friedman, 1980). 
Therefore, the B cells do not lose the capacity to produce specific antibody, but 
for some reason they do not respond to antigenic stimulation. Second, the treatment 
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of FL V-infected splenocytes with immunostimulants such as lipopolysaccharides 
(LPS) or muramyl dipeptide (MDP) can enhance the development of an antibody 
response to SRBC (Butler and Friedman, 1980). This indicates that with proper 
stimulation the FL V-infected splenocytes can mount an immunological response. 
A third observation was that the addition of normal macrophages to FLV-infected 
cultures could partially restore the response capacity, thus indicating that the mech
anism for this unresponsiveness might be related to these accessory cells (Specter 
et al., 1976. 

As the mechanism for the suppression of antibody responses by FL V is now 
apparently not due solely to infection of B cells by the virus but may involve 
macrophages, we sought to determine the mechanism by which FL V might exert 
its suppressive effects via macrophages. In previous studies we have demonstrated 
that the development of antibody responses by normat splenocytes is greatly en
hanced by the production of antibody response helper factors, including interleukin 
1 (IL-l), by macrophages (Butler et al., 1979). These factors are released "spon
taneously" by cultured macrophages but their production is greatly enhanced by 
treatment with LPS. This study was designed to determine the role ofthese antibody 
response helper factors in the mechanism of suppression of the antibody response 
by FLV. 

2. MATERIALS AND METHODS 

Experimental Animals. Inbred male Balb/c mice, 6 to 8 weeks of age, were 
obtained from Cumberland View Farms, Clinton, Tennessee. Mice were infected 
by injection of a 100 IDso dose of FL V contained in 0.1 ml of a 1 % clarified 
homogenate of infected splenocytes. 

LPS. Serratia marcescens LPS was prepared by the trichloroacetic acid ex
traction procedure as previously described (Nowotny et al., 1966). We wish to 
thank Dr. Nowotny for the generous donation of this preparation. 

Antigen. SRBC in Alsever's solution were obtained from Baltimore Biological 
Laboratories, Baltimore, Maryland. The erythrocytes were washed several times in 
media and resuspended to a 0.1 % concentration. 

In Vitro Immunization. A suspension of 8 x 106 viable splenocytes in 2.0 ml 
of complete tissue culture medium was cultured in multi well dishes as described 
previously (Kamo et al., 1976). For in vitro immunization, 0.1 rnl of the 0.1% 
suspension of SRBC was added to each culture. All cultures were incubated for 5 
days at 37°C in a humidified atmosphere containing 10% CO2 , 

Assay for Antibody-Forming Cells. The numbers of direct hemolytic plaque
forming cells (PFC) to SRBC were determined for 8 to 24 cultures using the 
micromethod (Cunningham and Szenburg, 1968). 

Post-LPS-Serum. Normal or FLV-infected mice were injected Lp. with 20 IJ.g 
LPS and exsanguinated 2 hr later by aseptic cardiac puncture. Serum was separated 
from cells and kept on ice until use. 

In Vitro Factor Production. Suspensions of 107 splenocytes/rnl from normal 
or FLV-infectd mice were incubated in RPMI 1640 plus 10% fetal bovine serum 
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and antibiotics at 37°C under CO2 , Experimental cultures received 10 fLg/ml of 
LPS at the time of culture initiation. Supernatants were collected after 5 days and 
either stored on ice or frozen at - 70°C until tested. 

3. RESULTS 

Antibody response helper factor (lL-l) is normally released from macrophages 
in response to stimulation with LPS or its nontoxic PS derivative (Butler et at., 
1979). Table I demonstrates the production of these lymphokines both in vivo (post
LPS serum) and in vitro (culture supernatants) by normal mice or splenocytes in 
response to LPS. When mice were infected with FLV at different time intervals, 
they gradually lost the ability to produce these helper factors in vivo as the leukemia 
progressed. The effects of normal unstimulated serum did not change, thus indicating 
that the observed decrease in stimulatory activity of the serum was not due to the 
buildup of any immunosuppressive factors. The stimulatory effects of the post-LPS 
sera were not due to the presence of residual LPS which has been demonstrated to 
be several orders of magnitude below a stimulatory concentration (Butler et at., 
1979). 

The sequential suppression of factor production was further illustrated by 
obtaining factor production in vitro by splenocytes from leukemic mice. Similar to 
the results obtained in vivo, the in vitro cultures of FL V -infected cells showed a 
depressed ability to produce helper factor activity both "spontaneously" and in 
response to LPS stimulation. The increasing spleen weights of infected mice are 

TABLE I. FLV Suppresses Helper Factor Production In Vivo and In Vitro 

Source of factor 
LPS treatment to % control 

Source of cells or serum" induce factor Serumb Supernatant' PFC pd 

None 100 
Normal mouse -I- 92 

+ 139 
-I- + 189 0.005 
-I- -I- 302 0.005 

7-day FLY-infected mouse -I- 83 
+ 118 

-I- + 147 0.05 

+ + 188 0.05 
21-day FLY-infected mouse + 97 

-I- 98 
-I- -I- 106 
-I- + 118 

a Mice were preinfected with 100 ID,. of FL V 7 or 21 days prior to sacrifice to obtain splenocytes or serum. 
b Normal or FL V -infected mice received an i. p. injection of 20 fJ-g of LPS 2 hr prior to collection of serum. PFC 

cultures were treated with 0.5% serum on day O. 
C Culture supernatants were obtained from cultures of 107 splenocyteslmJ incubated 5 days with or without 10 fJ-g/mJ 

LPS. Cultures of normal mouse splenocytes were treated with 5% supernatant at the time of primary in vitro 
sensitization. 

d p values relative to the normal untreated control. 
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TABLE II. Helper Factors Restore Immunocompetence to Leukemic Cells 

Helper factor sourceD Responder celIsb % control PFCc pd 

None Normal 100 
Leukemic 34 0.001 

Untreated splenocytes Normal 97 
Leukemic 47 0.001 

LPS-treated splenocytes Normal 198 O.oI 
Leukemic 138 0.05 

• Cultures of 10' nonna! Balb/c splenocytesil.O ml were incubated for 5 days with or without 10 JLg/ml of S. marcescens 
LPS. 

b Cultures of 8 x 1()6 nonna! or 21-day FLV-infected splenocytes (spleen weight = 2.5 g) were treated with 5% 
factor supernatant at the time of in vitro primary sensitization with SRBC. 

, After 5 days the cultures were collected and assayed for direct PFC. Control cultures received no treatment. 
d p values relative to the normal responder cell control were determined by Student's t test. 

an indication both of the dramatic proliferative response resulting from FL V in
fection and transformation of cells and of the state of progression of the disease. 

As FL V infection caused splenocyte cultures to lose the capacity to produce 
antibody response helper factor activity, we hypothesized that the restoration of 
this helper factor activity to FL V splenocytes might restore the antibody response 
capacity. Table II demonstrates the suppressive effect of FLV infection on the 
ability of leukemic cells to develop an antibody response. The addition of physi
ological levels of exogenous helper factors to FL V leukemic splenocyte cultures 
restored the antibody response to normal or even slightly elevated levels. 

4. DISCUSSION 

The immunosuppressive effects of FL V on antibody responses to SRBC an
tigens have been demonstrated in vivo (Kately et aI., 1974; Bendinelli and Friedman, 
1980) and in vitro (Butler and Friedman, 1979, 1980; Butler et al., 1980; Specter 
et al., 1976). The results shown here demonstrated that the ability of murine 
splenocytes to mount an antibody response to SRBC in vitro decreases steadily 
with time following infection with FL V. The mechanism for this loss of response 
capacity has not been clearly defined. However, these studies have established a 
strong relationship between the loss of ability to mount a primary antibody response 
and the loss of ability to produce antibody response helper factors (IL-l) either 
"spontaneously" or in response to stimulation with LPS. This decrease in helper 
factor activity production was demonstrated to occur both in vivo (post-LPS serum) 
and in vitro (splenocyte culture supernatants). 

Our previous studies have demonstrated the role of these helper factors in 
antibody responses by normal splenocytes (Butler et al., 1979, 1981; Friedman and 
Butler, 1980). The factor is produced by macrophages and its target is a cell of 
bone marrow lineage. It can enhance SRBC antibody responses in the absence of 
T cells. A dose-response relationship exists between helper factor concentration 
and the magnitude of the antibody response (Butler et al., 1979). Therefore, it is 
feasible that the decrease in helper factor production by FLV-infected cells could 
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be causally related to the depressed antibody response. If this were the case, then 
the addition of exogenous helper factor should restore the antibody response of 
FL V cells to nonnal levels. The results in Table II show that this reversal does 
occur and that B lymphocytes from FL V leukemic spleens retain the capacity to 
produce a nonnal antibody response under the condition of adequate levels of helper 
factor. 

Previous studies have suggested that the suppression of antibody responses in 
FLV-infected mice is due to a suppression of macrophages (Specter et al., 1976). 
They demonstrated that the addition of nonnal macrophages to FL V splenocyte 
cultures could restore the antibody response capacity. Our results clarify the mech
anism for a macrophage-induced suppression by indicating that it is the inability 
of cultures to produce sufficient quantities of a specific macrophage product-an 
antibody response helper factor-which inhibits the development of antibody re
sponses by FLV-infected splenocytes. 

This depression of antibody responses could be due to either a numerical 
decrease or a selective suppression of macrophage populations capable of producing 
antibody helper factor in response to antigen or immunoadjuvant stimulation. It is 
conceivable that these macrophages are refractory due to either the effects of direct 
infection, a depression of stimulatory factors from other cells, or prolonged stim
ulation by FLV viral antigens which might block receptors. These possibilities are 
currently being evaluated in our laboratories. 
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Part IV Summary 

Pharmacology and 
in Vivo Actions 

JOHN W. HADDEN and ENRICO GARACI 

I will not summarize the session since the material is available for your review in 
these proceedings. We thought instead to offer general comments on the progress 
of this field as exemplified by the presentations of this session and specifically in 
terms of its immunopharmacology and its pharmacology. My cochairman, Dr. 
Garaci, will emphasize some additional points at the end of this section. 

I had an opportunity to make a similar synthesis at the Montpellier meeting 
three years ago (see International Symposium on New Trends in Human Immu
nology and Cancer Immunotherapy, 1980), and at that time I made the suggestion 
that thymic hormones seemed to be best applied within the context of immunopro
phylaxis, that is, in individuals who have defined immunodeficiency in an effort 
to forestall the complications of that immunodeficiency rather than in treatment of 
the complications once they have arisen. This suggestion was in contrast to what 
was then an almost exclusive focus on thymic hormones within the context of 
primary immunodeficiency diseases and cancer. I was most delighted to have in 
the symposium and in the abstract session, seven papers which utilized this kind 
of approach. The examples that were presented included murine studies, in which 
mice with diabetes, with low-fat or high-fat diet, with protein malnutrition, with 
treatment by cytostatics or by X-rays, in mice that were genetic low responders, 
and in mice with infections were studied (Table I). In these circumstances, the 
condition was associated in most of the studies with a demonstrated immunodefi
ciency and the primary effort of immunotherapy was to reverse that immunodefi
ciency. Indeed, thymosin fraction 5 and aI, as the two major substances under 
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TABLE I. Mouse Immunoprophylactic Study 

Immunodepressive Nature of 
Author influence immunosuppression Corrective therapy 

Ohta 5-FU ! DTH Thymosin fraction 5 
Salvin Genetic low-responder 

t 
! DTH, Thymosin fraction 5 

lymphokines 
Alloxan diabetes ! resistance to 

Candida Thymosin fraction 5 
Strausser db/db diabetic mice ! PFC, ! Lyl and 2 Thymosin fraction 5 

cells 
Watson Low- and high-fat diet t resistance to tumor Thymosin fraction 5 

Low protein cell challenge further t 
resistance 

Doria Aged mice ! helper T cell Thymosin at 

! anti-TNP PFC 
response 

Ohta 5-FU ! DTH, NK, and CSF Thymosin at 

Ishitsuka 5-FU or X-ray ! resistance to Thymosin at 

pathogen and tumor 
challenge 

study, seem to be rather effective in doing that. In one study, this effect to restore 
immune response was then subsequently translated into increased resistance to 
pathogen challenge and was also associated with enhanced tumor resistance. These 
then seem to me the most natural circumstances for studying thymic hormones in 
their application to human disease and I think the future will bring more of this 
kind of focus. I think you can imagine, with the examples of the immunodeficiencies 
studied in mice ranging from diabetes to aging, a very significant potential in terms 
of a great variety of human disorders is implied. 

There was a paucity, I think, of comparative studies in which more than one 
thymic hormone was compared; often thymosin <XI was compared to fraction 5 and 
showed equivalent magnitude of activity at a much lower dose. The use of the 
various thymic hormone preparations in the same study will in the future be in
formative in showing their comparative effects. Insofar as there are differences in 
their actions, it will lend support concerning the potential for their combined ap
plication in the future. I think for reasons that were brought out in this morning's 
session, the use of crude preparations of 35 peptides, like fraction 5, may be effective 
clinically but there is a potential hazard with its use in terms of possible inhibitory 
substances present in the mixture. If one were to theorize on the issue, an approach 
to primary immunodeficiency might very well be a combination of the existing 
purified hormones, e.g., thymosin <XI> thymopoietin, and FrS. 

Now, the only real pharmacology we had presented in our session had to do 
with my cochairman's presentation relating prostaglandin (PG) metabolism to the 
possible action of thymic hormones, particularly facteur thymique serique. I think 
that that work lends itself to a restricted definition within a context of facteur 
thymique serique and the Bach assay. Under these circumstances prostaglandin 
metabolism seems to relate to thymic hormone action. This does not seem to be 
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the case in other circumstances, i.e., the action of thymopoietin and thymosin 
fraction 5 in the Komuro-Boyse assay is not inhibited by blockade of PG metabolism 
with indomethacin. 

I would like to emphasize some of the aspects of cyclic nucleotide pharma
cology in the mediation of thymic hormone action for two reasons: because Nathan 
Trainin's recent review in Immunology Today carries some misinterpretations of 
the history of the study of cyclic nucleotide pharmacology in relation to thymic 
hormone action, and because I think that the study of the action of the purified 
hormones represents a very exciting area of endocrinology. It offers an extraordinary 
opportunity to go past changes in cyclic nucleotide levels to probe the enzymatic 
mechanisms involved and the relationship between the cyclic nucleotides and the 
processes of lymphocyte proliferation and differentiation. We and Naylor and Gold
stein have demonstrated that thymopoietin and thymosin fraction 5, respectively, 
modulate cyclic GMP levels in mature T cells but not in the immature T-cell 
population. Neither they, nor us, have been able to show increases of cyclic AMP 
in the precursor population and what this implies is that there are two different 
mechanisms by which these substances modulate. One in mature cells relates to 
cyclic GMP, and some other mechanism of unknown nature in immature cells. 
Several of the preparations have been shown to modulate cyclic AMP levels, one 
of which I understand, has been removed from the scene, that is the serum thymic 
factor of Astaldi, which turned out to be adenosine. The thymic humoral factor of 
Trainin is really the most extensively studied with respect to its capacity to raise 
cyclic AMP levels in lymphocytes and I accept, tentatively, this as a possible action 
of a thymic hormone. The legitimacy of his thymic hormone, however, will remain 
in doubt until the chemical structure is known and further study performed dem
onstrating a thymic origin. At present we can tentatively accept that there are 
different thymic hormones having different mechanisms relating to these cyclic 
nucleotide pathways. In general, insofar as it has been studied, the correlations 
hold that the increase in cyclic GMP, when seen, was related to proproliferative 
or prosecretory functions in mature cells and that the increase in cyclic AMP, when 
seen, was related to differentiation. In any case, as thymic hormones are purified 
and characterized there need to be studies on their mechanisms of action which 
involve more depth than mere changes in cellular cyclic nucleotide levels. 

There was a lack of conventional pharmacology presented in our session. It 
was apparent in the various studies that thymosin fraction 5 or a 1 was being used 
over quite a range of concentration and almost randomly with respect to the fre
quency with which it was administered. There seemed to be no effort in the material 
that I saw to determine the time period a thymic hormone has an effect on various 
responses. As is the case with other immunomodulators, I think you will find that 
there will be a dissociation of the pharmacokinetic curves of the presence of the 
material in the serum and the pharmacodynamics, i.e., the substantive biological 
or immunological responses which take place. Were we to know this information, 
we would know better how to apply these substances and how to keep them, other 
than just on a dose basis, in a positive mode versus a suppressive mode of action. 
There was evidence of differences among mouse strains in their responses to thymic 
hormones, low responders being augmented by thymic hormones and normal re
sponders being unaffected or suppressed. This seems to be a general kind of ob-
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servation shared also by the chemically defined immunostimulating compounds and 
obviously deserves more elucidation as it relates to thymic hormones. 

In this session were also studies on cytokines, interleukins, and lymphokines. 
We had introduced into our session oncostatin, which I don't believe qualifies as 
a lymphokine but it was certainly interesting to hear about as a potential antipro
liferative mechanism for regulating cancer cells. The notion of using an oncostatin 
therapeutically is, of course, immensely enticing. The notion of modifying a tumor 
growth factor to make an inactive analog which would bind to the cells and prevent 
the action of an endogenously produced tumor growth factor seems like another 
interesting anticancer approach. Apparently forgotten in this session were the chal
ones. It seems to me a shame not to have these represented in the sense that since 
they have been hypothesized, in general, to act through cyclic AMP, they may very 
well have an identity with the material that Trainin is studying. The chalones may 
well be very useful in terms of therapeutic approaches not just to inhibit lymphoid 
malignancies but, for example, ifthese chalones were used on a short-term protective 
basis to keep the immunologic system out of cycle while cytotoxic chemotherapy 
was being administered, one might be able to obviate immune suppression produced 
by our currently employed anticancer therapies. 

We heard a good deal about interleukins. What was interesting to me was that 
more and more evidence is accumulating to indicate that interleukin production or 
action is disturbed in various diseases. We had presented evidence that IL-I, IL-
2, and IL-3 are abnormal in various disease states. The application of interleukins 
individually or collectively, still seems to be a rational therapeutic approach although 
years behind the efforts with the thymic hormones and with the interferons. The 
notion that these substances could be used not just as collections but individually 
to regulate immune response seems to have a tremendous power, and I see this as 
an area that is going to grow rapidly over the next few years. We do, of course, 
have our problems with purity and nomenclature but I think these will be resolved 
over time. I think the combined studies of Dumonde and Papermaster would indicate 
to us that these materials are safe to administer to animals and to humans and that 
they offer some significant prospect in their own right. 

The issue of using combinations of thymic hormones and interleukins was 
raised by us based on our own studies with TCGP and thymic hormones. Since 
this work is not presented in a separate manuscript I will summarize this. I presented 
collaborative work performed with Drs. S. S. Chen and R. A. Good (Proc. Natl. 
Acad. Sci. USA 80:5980-5984,1983), in which we examined the effects of thymic 
hormones to induce intrathymic maturation using the peanut agglutinin (PNA)
positive immature thymocytes as a model. We sought to determine if thymic hor
mones would induce changes in their surface markers (TL, H2, Qa2,3, and gp70) 
corresponding to the known maturation scheme, i.e., induce them to a surface 
marker status comparable to the PNA-negative mature thymocyte. Thymopoietin, 
thymosin <Xl> and FrS (thymulin) had little or no effect and thymosin fraction 5 
had a small effect. Interestingly, TCGP (IL-2) was very active to induce maturation. 
These results indicate that since intrathymic evolution may be more importantly 
regulated by IL-2 than thymic hormones, reconstitution efforts may require IL-2 
therapy in addition to thymic hormones. Allan Goldstein tells me he has some 
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unpublished experimental support for the notion in that a combination of interleukin 
and thymosin may be synergistic in their anticancer therapeutic effects. These kinds 
of observations of synergism have been made with other drugs and biologicals; 
isoprinosine and interferon have a potentiative interaction, so also muramyl dipep
tide and lymphokines, and endotoxin and lymphokines. These examples offer an 
interesting repertoire of strategies but it involves getting together in order to do 
these things. Strategies for approaching immunotherapeutically what are, I think, 
very complicated diseases like cancer will be necessarily complex. I can see thymic 
hormones or lymphokines being used individually in relationship to infection or 
other secondary immunodeficiencies but I think with respect to the cancer problem 
we are going to have to use every weapon in our repertoire and that will involve 
combinations of agents. 

The future? A future is made by imaginative individuals; the presence of 
something that is interesting, as we have with the thymic hormones and the inter
leukins; their availability in adequate quantities as purified substances, as will come 
from contributions of genetic engineering; and finally with money. It is obvious 
that in contrast to the not so lucrative state of the BRM program, private industry 
is infusing large amounts of capital in this sector. This is obviously very important 
to the life of the endeavor; it will also be very important to the science of the 
endeavor. While some of the research to date has been lacking in scientific rigor, 
when you start having to do studies that relate to licensing by various federal agencies 
for administration of these substances in humans, clearly the studies will improve 
in their precision and quality and I think we will all enjoy the results. With it will 
come, of course, the hard pharmacology that is required to prepare biological 
substances and drugs for clinical administration. I see, of course, a bright future 
in this regard and how rapidly it occurs we will all have to wait and see. 

J. W. H. 

An area of primary interest that emerges from our session is the treatment with 
thymic factors of infectious diseases in the disabled host. This is of major importance 
because of a newly emerging clinical pathology, the pathology of immunocompro
mised patients. The immunodeficient host may die because of opportunistic infec
tions with microorganisms like Serratia or Proteus, which develop antibiotic re
sistance very rapidly. About 40 years ago, in the beginning of the antibiotic era, 
Domagk, the German chemotherapist, said that "bacteria cannot be eliminated from 
the body without host collaboration," a fact that we now realize in its complete and 
full actuality; therefore, a number of experimental models are required to investigate 
the right antibacterial therapy in the immunodeficient host. The data presented by 
H. Ishitsuka et al. illustrate an interesting model which could be reasonably applied 
to the clinic. The authors induced immunosuppression with cyclophosphamide fol
lowed by treatment with thymosin. The protective effect obtained with thymosin 
shows that this treatment could represent a good model of immunopharmacological 
prophylaxis. However, if a protective effect of thymic factors against infectious 
agents has been clearly evidenced, the mechanism of this anti-infective activity 
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remains to be elucidated. It also remains to be determined if the protection against 
microorganisms was established by T-cell reconstitution. In this respect, what is 
the role of lymphokines? Are macrophages and/or other cells different from T cells 
influenced directly or indirectly by thymic hormones? These are the kinds of ques
tions and approaches that have to be studied in the immediate future and which are 
relevant for understanding the basic mechanism of thymic hormone activity. An 
important consideration which may have practical importance is that in our exper
iments of anti-Candida protection, thymosin fraction 5 or TP-l were more active 
than thymosin (XI' This fact doesn't mean that thymic extracts are preferable to the 
use of purified peptides, but should be a stimulus to study the other still undefined 
peptides in thymic hormone preparations to identify perhaps other potent molecules. 
In the clinic the use of purified molecules would obviously be safer. In this respect, 
given the positive effects of thymus products in treating infectious diseases, it would 
be important to test the purified well-defined peptides in several models of exper
imental infections to establish efficacy. These studies should include: 

1. Testing of combinations of different thymic peptides. 
2. Testing of the effects of thymic peptides in combination with other lym

phokines and immunostimulating agents. 
3. Testing of the ability of thymic peptides to reduce the toxicity of chemo-

therapeutic and antibiotic drugs. 

The last point, which I think is really important to this discussion, is the need to 
expand the very elegant experiments of Dr. G. Doria who studied the role of thymic 
hormones on T-helper cell function in the reconstitution of aged mice. I think that 
thymic factors may find a very successful application in the reconstitution of the 
immune systems of the elderly. 

E. G. 
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1. INTRODUCTION 

48 

A variety of interferons have now been tested in clinical trials. Most of these trials 
have utilized leukocyte (a) interferon preparations. Early trials were conducted with 
partially purified material derived from the supernatants of virus-stimulated leu
kocytes that were of low purity and inconsistent pharmaceutical qUality. More 
recently, trials have been conducted with a lymphoblastoid cell line interferon (a) 
of high purity and good reproducibility (Knost et al., 1983). Several recent studies 
have utilized recombinant a-interferon derived by cloning a gene for a-interferon 
in an E. coli expression system (Sherwin et al., 1982, 1983). Despite the major 
differences between these a-interferon preparations, many of the toxicities, im
munological modulating effects, and therapeutic effects have been similar. Fever, 
chills, headache, fatigue, and anorexia have been rather constant side effects of 
these interferon preparations. At higher doses, mild hematological depression and 
transient hepatic enzyme abnormalities have been seen. Occasional cardiac effects 
including arrhythmias and ischemic effects have been observed in the context of 
these trials. Some central nervous toxicity including confusion, decreased ability 
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to concentrate, and rarely seizures at very high doses have been seen in these 
studies. It is unclear whether all these effects are due to the direct action of the 
interferon preparation since the induction of fever, tachycardia, and fatigue may 
have secondary effects (Oldham, 1983a). The phase I trials for the a-interferons 
are virtually complete. While further information can be derived from studies of 
dose and schedule with respect to phase I toxicology studies, most investigators 
are now concentrating on phase II studies to determine the therapeutic effects of 
the a-interferons using the lymphoblastoid or the genetically engineered a -prep
arations. These phase II trials are well under way and have demonstrated antitumor 
activity of these forms of interferon in lymphoma, renal carcinoma, melanoma, and 
a few other types of cancer (Oldham, 1983b). 

Limited trials have been done with ~-interferon extracted from the supernatant 
of virus-stimulated fibroblasts (McPherson and Tan, 1980). Trials are just getting 
under way with genetically engineered fibroblast (~) interferon. These early trials 
indicate that many of the side effects are similar to those observed with a-interferon, 
but certain in vitro studies seem to indicate that the ~-interferons may have stronger 
immunomodulatory or antiproliferative effects when compared to the a-interferons. 
Less consistent absorption from intramuscular administration has been seen, ne
cessitating intravenous administration of ~ preparations. 

The third form of interferon has been termed immune or ),-interferon. In 
contrast to a-interferon for which as many as 12 genes have been identified, there 
appears to be only one molecular species of ),-interferon. In vitro studies conducted 
thus far suggest that ),-interferon may have greater antiproliferative effects than a
or ~-interferon, although these observations are complicated by difficulties com
paring specific activities of the preparations. Nonetheless, ),-interferon, in contrast 
to the other interferons, appears to have unique immunomodulatory effects in vitro 
and perhaps should be viewed as a lymphokine of the interleukin type. 

Our trials at the National Cancer Institute have focused on phase I and then 
phase II studies in cancer patients. In the phase I trial, described in this paper, we 
have used a ),-interferon preparation prepared from the supernatant of cells derived 
from peripheral blood leukocytes chemically stimulated to produce ),-interferon. 
This preparation was then utilized in an escalating-dose phase I trial to determine 
its biological effects including its toxicity, immunomodulating capability, and phar
macokinetics. 

2. MATERIALS AND METHODS 

2.1. Interferon Preparation 

This extracted form of ),-interferon was prepared by Meloy Laboratories under 
National Cancer Institute contract. Human ),-interferon was produced from buffy 
coats obtained from healthy volunteers. Leukocytes were diluted in Dulbecco's 
minimum essential medium to 5 x 106 cells/m!. Cultures were then induced with 
two mitogenic heterocyclic compounds: mezerein and A23187, a lipophilic calcium 
ionophore. Induction was carried out at 37°C, in open air for 2-4 hr in 3% calf 
serum. Subsequently, the human ),-interferon was purified from the crude material 
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by sequential chromatography first by controlled-pore glass-adsorption chromatog
raphy, followed by Con A affinity chromatography, heparin-Sepharose affinity 
chromatography, and gel filtration on Sephadex G-lOO (superfine). This procedure 
resulted in about a 10,000- to 20,000-fold purification and a recovery of 40%, with 
a specific activity of 107 U/mg protein by assay of vesicular stomatitis virus (VSV) 
on human WISH cells. The NIH a-interferon standard was used to calculate the 
units as a 'Y-interferon standard was not available at the time this material was 
produced. This 'Y-interferon was subjected to the usual tests for safety and was 
relatively nonpyrogenic and contained only low levels of endotoxin (Table I). 

2.2. Patient Population 

Patients with a variety of disseminated malignancies, refractory to standard 
curative therapy with a Karnofsky performance status greater than 60% and normal 
baseline hematological, hepatic, and renal function tests, were eligible for this 
study. After informed consent, the trial was carried out by the Biological Response 
Modifiers Program in our Frederick Memorial Hospital clinical unit under an ap
proved Investigational New Drug (IND) application filed with the Office of Bio
logics, Food and Drug Administration. 

2.3. Study Design 

Patients were treated twice weekly with escalating doses of the 'Y-interferon 
preparation according to the following schedule: 0.2, 0.5, 1,2,5, 10, 15,20,30, 
40,50, and 60 x 106 U/m2 . Each patient was taken up through this dose escalation 
schedule as tolerated. The initial seven patients were treated by the intramuscular 
route to determine the absorption of this 'Y-interferon. The remaining 25 patients 
were given the material by intravenous administration once it was clear that the 
intramuscular administration did not result in significant serum levels. Patients were 
continued on study, as long as unacceptable toxicity did not develop, until a max
imum tolerated dose (MTD) was reached or until the tumor progressed requiring 
other therapeutic approaches. 

2.4. Monitoring 

Patients were monitored for clinical toxicity, immunological effects, and an
titumor effects during their dose escalations. Immunological functions were fol
lowed including natural killer cell activity, monocyte growth inhibitory activity, 
surface T-cell antigens, and lymphocyte proliferative responses to mitogens and 
alloantigens. In addition, percentages of leukocyte populations and lymphocyte 
sUbpopulations were monitored using monoclonal antibodies by flow cytometry. 
Serum interferon activity was monitored and careful pharmacokinetics were done 
in each patient afer each interferon dose. Antiviral assay activity was determined 
with the VSVIWISH assay used in the calculation of units for this preparation. 
Blood samples were drawn and interferon levels determined at 30 min, 1, 2, 3, 4, 
5, 6, and 24 hr after administration. 
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NK cell cytotoxicity was measured as previously described (Ortaldo et ai., 
1977) and the results interpreted after three baseline determinations were done to 
determine the level of NK activity of the individual patient. Methods have been 
developed to determine the "normal range" for each patient based on the patient's 
pretreatment activity and based on information from a bank of normal donors tested 
in this assay (Maluish et ai., 1983). 

Monocyte growth inhibition was measured using a modification of a previously 
described method (Jerrells et ai., 1979) and with similar considerations with respect 
to pretreatment levels and the determination of the normal range. 

Lymphoproliferative responses were carried out in response to Con A and 
allogeneic cells. The NK assay was done on freshly isolated peripheral blood cells 
and the monocyte and lymphoproliferative assays were carried out on cryopreserved 
lymphocytes. The lymphoproliferative response was calculated according to the 
relative proliferation index (RPI) as previously described (Dean et al., 1977) using 
this index to compare the activity of the patient with appropriate normal controls. 

3. RESULTS 

Thus far, 32 patients have been entered on this trial. The first seven patients 
received interferon by intramuscular injection in escalating doses up to 2 X 107 

U/m2• No further dose escalations were possible with this route of administration 
due to excessive injection volumes. After seven patients were treated intramuscularly 
without evidence of clinical effects or detectable antiviral activity, the next 25 
patients were treated using intravenous administration. The majority of the patients 
were given a 2-br infusion but a few patients were treated by rapid infusion (5 min) 
and a few by a prolonged infusion (24 br). 

3.1. Toxicity 

The 'Y-interferon preparation used in this study was available in lots of ap
proximately 109 units. Each lot was tested for safety, pyrogenicity, and endotoxin 
contamination, and as shown in Table I, there was some lot-to-lot variation. The 
intramuscular study was done exclusively with Lot 3, and other than low-grade 
fever which could be attributed to pyrogenic material in this lot, no other repro
ducible clinical toxicities were observed. We subsequently determined on intra
venous administration that Lot 3 was the most highly pyrogenic of all the lots tested. 

Table II describes the toxicities associated with 2-br intravenous administration 
of 'Y-interferon from Lots 8, 11, 12, and 14, all of which were nonpyrogenic in 
preclinical studies. The most prominent toxicities were fever, chills, fatigue, and 
anorexia and were similar to those seen with other interferon preparations (Sherwin 
et al., 1983). However, the onset of fever was somewhat sooner and the duration 
was more prolonged than seen with the a preparations. In addition, hypotension, 
a toxicity not previously seen to any degree with other interferon preparations, was 
the dose-limiting toxicity for this 'Y-interferon preparation when given in single 
doses. Two of three patients treated at 60 X 106 U/m2 developed significant hy-
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TABLE II. Toxicity for 2·hr Intravenous Infusion (Lots 8, 11, 12, 14) 

Dose 
x 1(J6 Ulm2 Fever> 103 Fever < 103 Chills Fatigue Anorexia Hypotension 

2 0/5 4/5 3/5 215 0/5 0/5 
5 115 4/5 4/5 5/5 3/5 0/5 

10 115 4/5 4/5 4/5 3/5 0/5 
15 114 3/4 3/4 4/4 214 0/4 
20 21fY' 7/9 8/9 6/9 5/9 0/9 
30 2/5 3/5 5/5 5/5 3/5 0/5 
40 3/9 6/9 9/9 7/9 3/9 0/9 
50 1/6 5/6 3/6 4/6 3/6 116 
60 0/3 3/3 2/3 3/3 3/3 213 

Q Some patients were escalated only through 2, 5, 10, 15, and 20 x 1(J6U1m2 dose levels and others began at 20 x 1(J6 
Ulm2 to be escalated up to 60 x 106 Ulm2• Some patients progressed on treatment and could not undergo the whole 
dose escalation. Thus, the denominator reflects the number of patients actually treated at each dose level. 

potension with greater than a 30% fall in their systolic and diastolic blood pressure 
lasting at least 30 min. Because some hypotension effect was also seen at 50 x 106 

U/m2 , the MTD was defined as 50 x 106 U/m2 • 

3.2. Monitoring 

The antiviral activity and pharmacokinetics for one patient treated at two dose 
levels are shown in Fig. 1. Significant antiviral activity was seen at 2 x 106 U/m2 
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FIGURE 1. Serum antiviral activity (VSVIWISH assay). 
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FIGURE 2. NK cytotoxicity. 

with peak levels up to 200 to 300 U at the end of the 2-br infusion with 30 X 106 

U/m2• In general, these levels were lower on a per unit basis and were less sustained 
than with the a-interferon preparations. While this preparation cannot be compared 
with a-interferons on a unit per unit basis, the dose-limiting side effects (MTD) of 
this -v-interferon were obvious at 60 x 106 Ulm2• At the MTD, the serum levels 
of this interferon were much lower than those for the MTD of the a preparations. 

NK cytotoxicity was measured in all patients, and results for a typical patient 
are shown in Fig. 2. The dashed lines depict the normal range for this patient and 
while some drop within this range was noted, no significant change in the NK 
activity was seen for this patient or the others studied in this trial. Most of these 
patients had reasonably normal levels of NK cells and NK cytotoxicity when entered 
on this study. 

With regard to the monocyte growth inhibition assay, most of the patients had 
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FIGURE 4. Lymphoproliferative response to Con A. 

nonnal initial levels as compared to nonnal controls. Although an occasional value 
did go outside the nonnal range, the vast majority of follow-up detenninations did 
not reveal any significant effect clearly related to interferon administration (Fig. 
3). 

In contrast, the lymphoproliferative responses of these patients were generally 
low with RPI of 0.2 to 0.5 when compared to a nonnal index of 1.0. In this context, 
some of the patients did show a decrease in their Iymphoproliferative response to 
Con A during this trial. An example of this kind of suppression of lymphoprolif
eration is seen in Fig. 4. 

Lymphocyte surface markers using monoclonal antibodies OKT3, T4, T8, 
TIO, Bl, and M02 by cytofluorograph analysis did not reveal any significant 
changes during or after the administration of this interferon preparation. 

3.3. Antitumor Activity 

Of the seven patients evaluable with intramuscular administration, three re
mained stable during the treatment and four progressed while on study. Twenty
five patients were treated intravenously; 19 were stable and four progressed during 
the study. However, only 11 patients received doses in the ranges associated with 
detectable antiviral activity in the serum and those were generally the patients 
receiving 2 x 106 U/m2 and above. Subsequent follow-up of these patients for 
several months has revealed further progression in most of the treated patients and 
no evidence of an antitumor response in any of the patients treated in this study. 

4. DISCUSSION 

We have treated 32 patients with these preparations of 'Y-interferon. Unfor
tunately, only 11 patients received sufficient doses to give measurable serum an
tiviral titers. Fever, chills, fatigue, and anorexia, common side effects with inter-
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feron preparations, were seen with these 'Y-interferon preparations. The MTD was 
defined by hypotension, a side effect not often seen with previous a-interferon 
preparations. It should be clearly understood that this preparation could easily 
contain other clinically active biological molecules given the methods used in the 
preparation of extracted 'Y-interferon. Thus, it cannot be stated with certainty that 
the dose-limiting toxicity of this material was due to the 'Y-interferon molecule or 
due to other biological substances that copurified with it. 

The biological response modifying activities of this preparation were not dra
matic. No significant changes were seen in NK activity or in monocyte growth 
inhibitory activity. Some suppression of Con A-induced lymphoproliferation was 
seen and this may reflect some antiproliferative activity of this preparation. Lym
phocyte and monocyte surface markers were unaltered during this trial. 

As this was a phase I trial, a complete assessment of therapeutic activity for 
this preparation is not possible. Only a few patients were treated and even fewer 
had detectable serum antiviral activity during therapy. Moreover, patients were not 
given repetitive courses of treatment at the same dose, and the lack of therapeutic 
activity can only be a preliminary observation for this 'Y-interferon preparation. 

Given the lot-to-lot variability, in terms of pyrogenicity, endotoxin contami
nation, and biological activity, it would be difficult to pursue this extracted form 
of gamma interferon in phase II studies. As with the a-interferons, it is preferable 
to use a preparation of high pharmaceutical quality and one with reproducible 
biological activity and reproducible purity. For such studies, it will be preferable 
to investigate the genetically engineered 'Y-interferons which are now available and 
in phase I studies. Large-scale phase II studies will be necessary to determine 
whether 'Y-interferon has greater anticancer activity than the a or ~ forms (Oldham, 
1983b). 
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The Response of Tumor-Bearing 
Patients to the Injection of 
Lymphoid Cell Line Lymphokine 

D. C. DUMONDE, MELANIE S. PULLEY, 
ANNE S. HAMBLIN, BARBARA M. SOUTHCOTT, 
and F. C. DEN HOLLANDER 

1. RATIONALE AND DESIGN OF STUDY 

1.1. Background 

We began this work in 1976 at a time when lymphokines were becoming accepted 
as mediators of cellular immune responses and when consideration was being given 
to the immunodepression associated with progressive cancer and with its treatment. 
At that time, work on leukocyte interferon, dialyzable leukocyte transfer factor, 
and thymic extracts had established a precedent for the therapeutic investigation of 
biological materials in patients with otherwise irreversible neoplastic disease; and 
it seemed that lymphokines could also have therapeutic potential in human cancer 
(Hamblin et al., 1978). We were examining lymphokines generated by the cultured 
B-Iymphoblastoid cell line RPMI 1788 as potential standards in the leukocyte 
migration test (see Hamblin et al., 1982); and when Papermaster et al. (1976) 
reported on the safe intralesional (Ll.) injection of RPMI 1788 lymphokine into 
human cutaneous metastases, we decided to use this source of lymphokine for the 
present study. With ethical permission and informed consent, we set out to extend 
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knowledge of the histopathological responses to the i.d. and i.l. injection of RPMI 
1788 lymphokine ("LCL-LK") in patients with advanced cancer and to investigate 
the clinical, hematological, biochemical, and immunological responses to single 
and repeated i.v. injections of LCL-LK. 

1.2. Design of Study 

Intradermal reactions to graded doses of LCL-LK and to corresponding amounts 
of a control bland protein (culture medium) were studied clinically (in 28 patients) 
and histologically (in 10 patients) between 30 min and 72 hr and were compared 
with the features of the tuberculin skin reaction. Single and multiple (3--6) i.l. 
injections of graded amounts of LCL-LK were given into a total of 10 accessible 
skin metastases in three patients with recurrent breast carcinoma and the histology 
compared with that of saline-injected nodules; likewise, six patients with prostatic 
carcinoma received up to five intraprostatic injections of LCL-LK and prostatic 
biopsies were subsequently examined. 

Responses to single and repeated i. v. injection of LCL-LK were studied in an 
initial series of 20 patients (mostly with advanced breast carcinoma) in three groups: 
(1) in the short term (1-3 weeks, 10 patients), (2) in the medium term (2-4 months, 
6 patients), and (3) in the long term (9-25 months, 4 patients). A variety of injection 
schedules were used ranging from weekly maintenance (as an outpatient) to daily 
escalation (while hospitalized). 

1.3. Lymphokine Preparations and Patient Management 

LCL-LK were prepared at Organon Laboratories, Holland, by large-scale cul
ture of the RPMI 1788 cell line in the absence of added plasma. Culture supernatants 
were treated with ~-propiolactone, ultrafiltered (5-100 or 1O-3OOKd),desalted and 
lyophilized, redissolved in pyrogenfree water, and filtered through a O.22-J..I.m mem
brane into vials and relyophilized. Control protein preparations were similarly pro
cessed and dispensed. Quality control included tests for sterility, endotoxin, hepatitis 
B surface antigen, pyrogenicity, and acute toxicity (up to 90-120 mglkg in mice 
and guinea pigs). These LCL-LK preparations contained a number of lymphokine 
activities including LIF, MIF, MAF (Listeria clearance), lymphotoxin, and skin 
inflammatory activities. Their endotoxin content was low ( 20 nglmg by the Limulus 
assay) and there was no or little interferon (IFN) activity (0-1000 U/mg). In a 
comparative study (Pulley et al., 1983), the control protein preparation had twice 
the endotoxin content of the corresponding active LCL-LK. All active preparations 
were pyrogenic in rabbits and more recently we have found similar preparations to 
have IL-l activity (on C3HIHeJ mouse thymocytes) but not IL-2 activity (on human 
PHA-blasts). The LCL-LK preparations therefore had multiple lymphokine activ
ities, no or negligible IFN activity, and very low quantities of endotoxin. 

Patients were cared for individually; all had advanced cancer refractory to other 
treatment modalities (Southcott et al., 1982). Symptomatic treatment was main
tained where indicated and all patients were hospitalized for an initial study period 



LCL-LK AND TUMOR-BEARING PATIENTS 509 

of responses to single injections of LCL-LK. Patients were given escalating i.v. 
doses of LCL-LK up to a maximum symptomatic dose (usually limited by pyrexia 
and rigors; see below) and were maintained on this either daily or thrice weekly 
(in the short term) or weekly (in the longer term). Four patients studied over 9-25 
months were hospitalized at intervals for 3-week courses of LCL-LK given daily 
or thrice weekly. Six inpatients had extensive biochemical and endocrinological as 
well as hematological monitoring (Pulley et al., 1982, 1983). 

2. RESPONSE TO INTRADERMAL INJECTION 

Dose-related skin reactions of erythema appeared within the first hour and 
became progressively indurated to reach a clinical maximum between 12 and 18 
hr, sustained for up to 72 hr. Histologically, these were characterized by early 
polymorph infiltration followed by a progressive mononuclear cell accumulation 
around small blood vessels with a characteristic endothelial cell hypertrophy closely 
resembling the established tuberculin skin reaction (Dumonde et al., 1982). The 
LCL-LK reaction seemed to superimpose an early phase of polymorph exudation 
upon an inflammation otherwise characteristic of delayed hypersensitivity. Different 
batches of LCL-LK differed in their ability to induce a sustained (12-18 hr) skin 
reaction and in individual patients their relative potency could be compared readily 
from dose-response relationships by determining the amount (e.g., 1-20 j.Lg) re
quired to elicit a sustained erythema of 20- or 30-mm diameter (EDzo or ED30)' 
Patients usually gave prominent skin reactions to LCL-LK whether or not they were 
anergic to recall antigens (e.g., tuberculin); however, LCL-LK reactions became 
weaker as the clinical condition deteriorated. At present we are st.udying the clinical 
and therapeutic factors that may determine the extent, duration, and quality of the 
skin test to LCL-LK. 

3. RESPONSE TO INTRALESIONAL INJECTION 

Injection of LCL-LK into nodular cutaneous metastases of breast carcinoma 
led to regression of the nodules, sometimes with ulceration. Excision biopsy showed 
tumor cell necrosis and mononuclear cell infiltration; in some nodules biopsied after 
several LCL-LK injections the scirrhous stroma was still evident, bereft of rec
ognizable tumor (Paradinas et al., 1982). In one patient (with hepatic secondaries) 
whose clinical condition was deteriorating rapidly, islands of intact tumor cells 
appeared to be regrowing in skin nodules removed 7 days after the last of six local 
LCL-LK injections. Repeated (alternate-day) intraprostatic injection of substantial 
amounts of LCL-LK in six patients with metastatic prostate carcinoma led to local 
mononuclear cell infiltration and some tumor cell necrosis. Despite short-term 
pyrexia and leukocytosis (see below) this was well tolerated: two patients experi
enced a dramatic relief of metastatic bone pain; a third showed a prominent flare 
of a previous tuberculin reaction; and two patients showed a fall in prostatic acid 
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phosphatase levels. We conclude that the study of i.I. responses to LCL-LK is a 
useful and integral part of their characterization in the therapeutic investigation of 
tumor-bearing patients. 

4. ACUTE RESPONSES TO INTRAVENOUS INJECTION 

4.1. Clinical and Hematological Responses 

A typical clinical response to a symptomatic i.v. dose of LCL-LK consisted 
of mild rigors between 30 and 60 min after injection, sometimes with nausea, 
headache, and occasional vomiting; and the development of characteristic pyrexia 
within 30-90 min, peaking at 2-4 hr. When anyone preparation was used in one 
individual, the pyrexia was dose-related but different individuals had different 
thresholds of symptomatic response. Pyrexia and subjective responses had usually 
disappeared by 8 hr and could be terminated by giving oral aspirin or i. v. hydro
cortisone. Tachycardia and a rise in pulse pressure were related to the rigors and 
pyrexia. Hematological responses typically consisted of a transient lymphopenia 
and polymorph leukocytosis, most evident at 3-5 hr; sometimes a small (20%) drop 
in platelet count at that time; but no other effect on the red cell compartment or on 
the clotting system. In the more prominent reactions the polymorph count showed 
a "left shift"; but the white count had usually returned to preinjection values by 8 
hr (Dumonde et at., 1981; Pulley et at., 1982). In patients with experience of 
cytotoxic drug therapy, such injections were particularly well tolerated. 

4.2. Biochemical, Endocrine, and Immunological Effects 

A detailed study of six patients (Pulley et at., 1982) revealed an acute-phase 
reaction with increases in serum cortisol, growth hormone, and ACTH peaking at 
2-4 hr postinjection; a decrease in plasma zinc and iron, most prominent at 6-12 
hr postinjection; and a rise in acute-phase proteins (CRP; IXI-AG) peaking later at 
24-48 hr. A control study was done to show that neither these responses nor the 
associated pyrexial or hematological responses could be attributed to the (low) 
amount of endotoxin in the LCL-LK preparation (Pulley et at., 1983). There were 
no changes in T3 , T4 , thyroid-stimulating hormone, prolactin, or glucose levels; 
this indicated differences from a simple "stress" response (to pyrexia). In fact, on 
abolishing a pyrexial response in one patient with paracetamol, there was still an 
increase in cortisol; and pyrexia and leukocytosis still occured in another patient 
on steroids whose cortisol response was suppressed. These findings suggested the 
operation of more than one response pathway to LCL-LK. 

In studying other parameters, no acute effects have been observed on autoan
tibody or antibacterial antibody levels, on complement components (including C3 

activation), or on liver or renal function. To date we have yet to undertake systematic 
studies of white cell function; but so far we have not confirmed Papermaster's report 
of an increased phagocytic activity of PMN after a single systemic injection of 
RPMI 1788 lymphokine (Rodes et at., 1982). 
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5. LONGER-TERM SYSTEMIC ADMINISTRATION 

5.1. Effects of Repeated Injection 

Repeated daily Lv. injections with a symptomatic dose of LCL-LK induced 
in some patients a tolerance of pyrexia with a lessening of the leukocytosis and 
acute-phase protein responses. However, when such injections were more widely 
spaced (even on alternate days), pyrexial tolerance was less often encountered. 
With an escalating dose-schedule of injections every 2 or 3 days, a maximum 
symptomatic dose was generally attainable and was dependent on the extent to 
which rigors, nausea, and pyrexia were accomodated. In four of the patients re
ceiving five alternate-day intraprostatic injections of LCL-LK, pyrexial responses 
up to 4O-41°C were regularly seen with a tendency to a gradual increase in WBC 
count during the course of LCL-LK. We are now studying the extent to which 
different components of the acutephase response may be dissociable by the phe
nomenon of tolerance, and the extent to which this may be dependent on the dose 
and administration schedule of LCL-LK. 

5.2. Patient Compliance: Lack of Long-Term Toxicity 

With individual compassionate care, patient compliance was high; and re
markably, patients receiving i.v. courses of LCL·LK actually welcomed each suc
cessive injection. Not only was there a complete lack of long-term toxicity (over 
a 2-year period) but also the majority of patients volunteered feelings of well-being. 
In individual patients there have been sufficient indications of temporary clinical 
benefit to encourage us to continue with this approach (Dumonde et al., 1981; 
Southcott et al., 1982) but in view of the small numbers of patients currently 
maintained for more than 1 year on regular LCL-LK, we reserve judgement con
cerning the effect on the host-tumor relationship until more individuals have been 
studied (in protocols which also incorporate the monitoring of white-cell function). 
In this context, Gouveia et al. (1982) have reported a rise in NK activity during a 
course of daily injections of RPMI 1788 lymphokine; and in this symposium the 
reports of Papermaster et al. (Chapter 37) and Joshua and Djerassi (Chapter 50) 
also give reinforcement to continued studies of RPMI 1788 lymphokine. 

6. IMMUNOPHARMACOLOGICAL IMPLICATIONS 

6.1. Intradermal, Intralesional, and Systemic Effects 

Our evidence indicates that characterization of Ld. and i.l. responses to prep
arations of LCL-LK is a useful component in their investigation. The work supports 
the view that lymphokines are mediators of local inflammatory reactions of delayed 
hypersensitivity and tumor cell necrosis in man and raises the interesting question 
of whether 1L-2 is necessarily involved in either phenomenon. It could be argued 
that the presence of IL-l or an IL-l inducer ("MAF') in the LCL-LK preparations 
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could well lead to the production of "effective" IL-2 (Grimm and Rosenberg, 1984) 
by lymphocytes recruited into a local environment where additional mediator effects 
on the microvasculature were also operating. At present it is not known what 
moieties present in LCL-LK preparations initiate local inflammation and we spec
ulate that local modulation of leukocyte-endothelial interactions may tum out to 
be one important pathway of lymphokine action (Dumonde et al., 1983). 

The pyrexial, hematological, and biochemical responses to i.v. LCL-LK sup
port the view that lymphokines also mediate systemic reactions associated with the 
state of delayed hypersensitivity (Rich, 1951). It is tempting to ascribe the pyrexial, 
cation, and acute-phase protein effects to the presence of IL-1 (or an IL-1 inducer 
lymphokine) in the LCL-LK preparations (Kluger and Cannon, 1983). It is less 
clear how a direct action of interleukins or Iymphokines could promote a temporary 
granulocytosis or lymphopenia. The timing and appearance of immature granulo
cytes suggest an effect on recruitment from bone marrow rather than mobilization 
(e.g., by rigor) from the marginated pool; while the finding of raised cortisol levels 
suggests that the lymphopenia is cortisol-mediated. Again, further analysis of the 
acute-phase response is required to study selective modification by tolerance-in
ducing schedules of LCL-LK and by steroidal and nonsteroidal drugs. 

The striking elevation of ACTH, cortisol, and growth hormone levels supports 
evidence that lymphokines may provide a homeostatic link between the immuno
logical and the neuroendocrine systems (Besedovsky and Sorkin, 1977; Besedovsky 
et al., 1981) by signaling the state of lymphoid cell activation to the hypothalamus. 
The question naturally arises of whether this phenomenon is ascribable simply to 
IL-1 per se or to some other polypeptide molecule present in preparations of lym
phokines that have been examined to date. Recent studies from Goldstein's group 
indicate that some of the thymic peptides may have related biological effects (see 
Hall and Goldstein, 1983) and it will be of interest to determine if the LCL-LK 
preparations that we have been studying exert relevant endocrinological effects upon 
more direct application to the hypothalamus (see also Hall et al., Chapter 29, this 
volume). In any event, there would seem to be two distinct mechanisms of systemic 
response to LCL-LK; for the pyrexial and cortisol responses were dissociable (Pulley 
et al., 1982). On this basis, the pyrexia could be prostaglandin-mediated while 
selective activation of hormone-releasing factors could be mediated via altered 
neuropeptide/catecholamine levels in the hypothalamus (see Besedovsky et al., 
1983). 

6.2. Relationship between Local and Systemic Responses 

These findings strongly implicate Iymphokines in the activation and homeo
stasis of host-defense systems which may be "at risk" in the tumor-bearing patient, 
either due to the tumor itself or to treatment modalities such as irradiation, che
motherapy, and endocrinological manipulation. Both local and systemic effects of 
LCL-LK are highly complex and are unlikely to be the result of a single response 
mechanism; however, neither can be attributed to the presence of endotoxins, of 
interferons, or possibly of IL-2 in the LCL-LK preparations. If IL-1 (or IL-1 
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induction) is involved in these responses, it might act both intradermally and on 
the hypothalamus by stimulation of prostaglandin production, one result being a 
local or general rise in temperature. It therefore seems relevant to determine whether 
the ability of different batches (or fractions) of LCL-LK to cause local erythematous 
inflammation runs parallel with their ability to induce the systemic responses of 
pyrexia, metal cation depression, and acute-phase protein synthesis (Dinarello and 
Wolff, 1982). It has recently been suggested that fever, as a host-defense mechanism 
in cancer (Coley-Nauts, 1978), may act by facilitating T-cell responses to both IL-
2 and IL-l itself (Duff and Durum, 1983). On this basis the study of local inflam
matory responses to LCL-LK may have a broader significance than appreciated 
hitherto. 

It remains a matter for further investigation whether the ability of LCL-LK 
preparations to induce local tumor regression and tumor cell necrosis is related to 
their apparent effects on the compartmentation of lymphocytes and other leukocytes. 
At present it seems that these local and systemic effects may be brought about by 
different mechanisms and it is therefore possible that they are initiated by different 
entities in the LCL-LK preparations. Taken separately and together, the local and 
systemic reactions to LCL-LK can be viewed in terms of the sequential activation 
of host-defense and homeostatic mechanisms; and as providing a striking illustration 
of the concept of biological response modification. 

7. CLINICAL IMPLICATIONS 

7.1. "Tactics": The Choice of Lymphokines and Host Response 

In considering lymphokine preparations as therapeutic agents in cancer, chronic 
infections, and even other diseases, a first tactical problem is whether or when to 
use purified or unpurified preparations. Table I (Dumonde and Hamblin, 1983) 
conveys the view that expression of the cellular immune response is probably 
effected by different combinations of lymphokines acting in physiological concert 
with different combinations of lymphoid and accessory cell populations producing 
and responding to lymphokines and to lymphokine-induced "secondary" mediators. 
This view is also supported by evidence of lymphokine synergy (Dinarello et al., 
1982). 

In most forms of human cancer it is likely that no single lymphokine function 
is deficient; and with the logistic problems presented by quantitative lymphokine 
bioassay and lymphoid cell compartmentation, it seems tactically unrealistic to hope 
to exhibit lymphokines in an analogous way to endocrine replacement therapy. 
Moreover, the host response to cancer (and its treatment) involves more than just 
the immune system; and different patients will be expected to be in different states 
of pathophysiological risk. It seems attractive to administer highly purified lym
phokines locally, systemically, or even extracorporeally (Grimm and Rosenberg, 
1983) if only to find out more about them; yet at present there is no scientific or 
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clinical basis for putting individual lymphokines in any ethical order of preference 
or priority (see Table I). Accordingly, our present approach is simply to study and 
compare host response to a limited range of eukaryotic lymphokine preparations of 
broad spectrum whose prominent activities can be manipulated (e.g., presence or 
absence of IFN; presence or absence of IL-2; presence or absence of IL-l) and also 
specified by means of acceptable methods of measurement. By this means we hope 
to provide information complementary to that arising from the investigation of 
highly purified or recombinant lymphokine preparations. 

The second major tactical problem is to decide what host responses to monitor. 
It has already been implied that objective tumor shrinkage may be an unrealistic 
endpoint (Carter, 1980; Oldham, 1981) and that in cancer the goal of biological 
response modifier therapy should be directed at improving the ability of the host 
to "live with" both the tumor and the oncologist. On the other hand, it is impractical 
to utilize every quality-controlled test of inflammatory capability, white-cell func
tion, other hematology and immunology, clinical chemistry and endocrine status, 
with the regularity and frequency that one might use in matching groups of syngeneic 
laboratory rodents. The choice of what to monitor (other than clinical toxicity) will 
depend on the category of patients investigated, the quality of the lymphokine 
preparations themselves, and the value judgement of the investigator: it is the latter 
that will provide the diversity of information necessary for future assessment of 
this field. 

TABLE I. A Simplified Approach to the Significance of Lymphokines in the 
Pathophysiology of the Immune Systema 

Physiological event 

Allergic injlammation 
Delayed hypersensitivity, granuloma 

fonnation, allograft rejection, graft-vs.-host 
reactions, etc. 

Protective cellular immunity 
Restriction of tumor growth and parasite 

multiplication; destruction of parasitized host 
cells; activation of host macrophages; etc. 

lmmunoregulation 
Control of lymphocyte compartmentation; 

cellular cooperation during immune 
induction; physiological suppression of 
immune responses; nonspecific Ig 
production; maintenance of diversity despite 
phenotypic restriction; etc. 

• Modified from Dumonde and Hamblin (1983). 

Suggested participation of lymphokine 
mediators 

"Inflammatory" (complex), chemotactic, 
cytotoxic, migration-inhibitory, macrophage
aggregating, fibroblast-activating, 
endothelial cell-activating, etc. 

Cytotoxic, macrophage-activating, 
chemotactic, migration-inhibitory, 
interferon-like, colony-stimulating, etc. 

Lymph node-activating (complex), 
lymphocyte-mitogenic (complex), 
macrophage-activating, lymphocyte and 
macrophage differentiation factors, 
endothelial-activating factors, suppressor 
factors, helper factors, colony-stimulating 
factors, etc . 
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7.2. Strategy: The Choice of Study Design 

It is our working hypothesis that one or more "lymphokine strategies" will be 
found which will improve the host's ability to tolerate his (neoplastic) disease, to 
tolerate existing treatment modalities, and to recover more quickly from their de
pressant effect on immunological and other host-defense mechanisms. Although 
our LCL-LK preparations contain prominent lymphotoxin activity and induce tumor 
cell necrosis on local injection, it is unlikely that therapeutic benefit following 
systemic injection is due to a direct cytotoxic action of the lymphokine on tumor 
cells sequestered in a distant extravascular compartment. Accordingly, the classical 
approach of chemotherapy involving simply the ascertainment of MTD needs mod
ification in phase 1111 studies (Carter, 1980; Oldham, 1981). What is needed is a 
double-blind evaluation of the lymphokine against a placebo, the criterion being 
impact on a group of clinical features and laboratory assays accepted as favorable 
indications of host integrity: this is the strategy we have chosen to adopt in longer
term studies of patients with the common forms of solid tumors, in addition to 
undertaking "open" investigations of the acute-phase response to preparations of 
different but known quality. 

On the basis of our present results a limited number of related objectives 
emerge. A first is to determine whether recurrent acute-phase responses stimulate 
white-cell function more effectively than partial responses, modified by tolerance 
schedules or by symptomatic drugs, in which greater amounts of LCL-LK may be 
accepted. A second objective is to determine whether the form and extent of a 
patient's response to LCL-LK injection are related to the state of prior immuno
depression or to the ability of that LCL-LK preparation to stimulate the patient's 
white-cell function in vitro. A third objective is to evaluate whether recurrent or 
sequential longer-term administration of lymphokines to the tumor-bearing patient 
results in a greater ability to tolerate or recover from the depressive effects upon 
white-cell function of extensive radiotherapy or chemotherapy; and to determine 
whether there are certain criteria of the acute response of such patients which would 
appear to be predictive of this favorable outcome. The formulation of these objec
tives illustrates how strategic thinking influences the tactics of study design. 

8. CONCLUSIONS 

Lymphokines are nonantibody proteins, generated by lymphocyte activation, 
that act as intercellular mediators of the immunological response. Our studies in
dicate that lymphokines activate both intrinsic and extrinsic (neuroendocrine) path
ways by which the immunological response may be regulated; that they exert 
additional acute-phase biochemical responses also relevant to host defense; and that 
they induce significant effects upon lymphocyte and leukocyte compartmentation. 
We conclude that RPMI 1788 lymphokine (LCL-LK) is safe for long-term systemic 
administration to tumor-bearing patients and that further study of its effects will 
yield criteria on which to base strategies and protocols for the general evaluation 
of Iymphokines in cancer research therapy. 
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Clinical Studies of Lymphoid Cell 
Lymphokines in 102 Patients with 
Malignant Solid Tumors 

HENRY JOSHUA and ISAAC DJERASSI 

1. INTRODUCTION 

Immune responses, whether humoral or cellular, are subtly regulated and balanced 
by various subsets of lymphocytes. The latter, when stimulated, elaborate and 
release a variety of non antibody molecules, named lymphokines (LK) by Dumonde, 
which act as mediators and regulators of various immune reactions. LK are espe
cially important in so -called cell-mediated immunity, which is responsible for the 
rejection and destruction of foreign tissue. Malignant tumor cells are sensed by 
lymphocytes as "nonself' and should therefore be subject to immune attack. For 
poorly understood reasons this immune response to cancer cells is insufficient in 
most cases to either prevent the growth of the tumor or to help destroy it when 
already established. The possibility that the reinforcement of some aspects of the 
immune response by the administration of exogenously produced LK may help 
destroy in vivo tumor tissue has been considered by many. 

One readily available source of LK is the culture medium of human lympho
blastoid lines. The supernatants of such cultures are rich in various LK which can 
be concentrated and partially purified. The clinical study of LK from lymphoid cell 
cultures was initiated some time ago in this clinic with the intralesional injections 
of the materials in a variety of superficial metastatic cancers (Papermaster et al., 
1974). The procedure was followed by reduction of the size or the elimination of 
the lesion injected with LK. 

The study presented here was aimed to determine the safety of systemic admin
istration of LK from lymphoid cell cultures to patients with solid tumors, while 
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studying some immunological parameters of their cell-mediated immunity, along 
with observation of the effect on directly visible or palpable tumor masses. The 
observations made in the course of this study are summarized in this report. 

2. METHOD AND MATERIALS 

LK were prepared from the stationary-phase supernatants of two human lym
phoid cell lines, namely No. 1788 and No. 802. The first line has been in existence 
for some time and has been used widely by others. The second is a cell line 
established by Gallo's group from mixed normal human lymphocytes in their early 
study on T-cell growth factor (Gallo et at., 1976). Both lines were grown in 
suspension medium using RPMI 40 medium with 10% calf serum initially and with 
1 % human serum more recently. The two preparations of LK were found to have 
equivalent properties in vitro and in vivo. Following the growth phase in suspension 
cultures, the lymphocytes were concentrated by centrifugation, washed with me
dium, and resuspended in fresh medium at a concentration of 1000 cells/mm3 , 

without calf serum, pr more recently, with 1 % human serum. The cells were 
maintained for 48 hr in this stationary-phase culture. The supernatant was then 
collected and fractionated for various molecular size components using an Amicon 
filtration apparatus. The fraction with molecular size of 5000 to 50,000 daltons was 
used as the LK preparation in these studies. The material was sterilized using 
filtration through Millipore filters. Aliquots were frozen and stored at 30°C until 
used. 

The patient population consisted of adults with a variety of disseminated ma
lignant solid tumors, previously untreated or between pulses of chemotherapy. LK 
were administered by s.c. injection (l or 2 ml) or by i. v. infusion of 1 ml in 250 
ml 5% dextrose in water in 4 hr. At least 50 ml of blood was collected in heparin 
prior to and 3 hr following the administration of the LK for the study of its effects 
on the properties of the patients' lymphocytes. The leukocytes were collected by 
the inverted syringe technique (Klein et at., 1958) in the presence of 1 % hydroxy
ethyl starch (Roy et at., 1971). The buffy coats were submitted to Ficoll-Hypaque 
gradient centrifugation (Boyum, 1968) and the mononuclear layer was aspirated 
with a long needle. The lymphocytes were then studied for their ability to form E
rosettes with sheep red cells (Wybran and Fudenberg, 1973) and for their effects 
in the GVH reaction in immunosuppressed rats (Shohat and Joshua, 1976). Both 
early E-rosetting and total E-rosettes after 24 hr incubation were determined. All 
patients were observed closely for local reaction at the site of injection as well as 
for systemic changes. Cutaneous or subcutaneous tumor masses were measured and 
outlined with indelible ink and followed for tumor size changes with daily inspec
tion. 

3. RESULTS 

A total of 112 adult patients were studied. These included patients with breast 
cancer (36), lung cancer (32), prostate cancer (7), colon cancer (8), pancreas cancer 
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(4), rhabdomyosarcoma (3), fibrosarcoma (3), ovarian cancer (6), non-Hodgkin's 
lymphoma (3), melanoma (2), bladder cancer (I), hypernephroma (I), osteogenic 
sarcoma (2), Hodgkin's disease in remission (1), myeloma (1), and cancer of the 
larynx (2). The immunological parameters described above were studied in 63 of 
these patients. The effects on subcutaneous tumor masses were observable in 18 
patients. The remaining patients were observed only for reactions to LK adminis
tration. 

Local redness and slight edema at the site of the s.c. injection were observed 
in 83 of 92 patients who received LK in this fashion. Remarkably, the site of a 
previous and healed tuberculin test reactivated in one patient. The site of an old 
BeG injection, which had already completely healed, reactivated, becoming infil
trated, swollen, and red, suggesting increased reactivity of the patient's lymphocytes 
to residual antigens. Mild fever of short duration was observed in 16 of the 92 
patients receiving s.c. LK. 

Six patients were given i.v. LK diluted in 250 ml of 5% dextrose in water. 
Five of these patients had severe pyrogenic reactions with vigorous chills and 
shaking and fever of 103 to 105°F. The shaking responded promptly to the admin
istration of 50 mg Demerol (Djerassi, 1975). The body temperature returned to 
normal usually with 2 to 3 hr. 

The E-rosetting lymphocytes in 63 patients, both early and total, were sub
stantially fewer than in normal controls. The patients had a average of 273 ± 193 
early rosetting cells compared to 370 ± 129 in a group of normal controls. The 
total number of E-rosetting cells, determined after 24 hr incubation with sheep red 
cells, was 421 ± 259 in the patients as compared to 1329 ±243 in the normal 
controls. Although neither the early nor the total E-rosetting cells in the patients 
reached the levels in normal controls, there was a substantial increase of both types 
of cells following the administration of LK, reaching 414 ± 305 and 614 ± 301, 
respectively. These increases were statistically significant with a t value of 0.001 
for the total and 0.01 for the early rosettes. 

The GVH activity of lymphocytes from cancer patients, before and after LK, 
was determined by injecting them i.d. in immunosuppressed rats. A substantial 
decrease of the reactivity of patients' lymphocytes was observed prior to the admin
istration of LK. While the area of rat skin rejection by the lymphocytes from normal 
controls had an average diameter of 5.4 ± 1.1 mm, the patients with cancer pro
duced only 1.9 ± 1.04 mm lesions. The administration of LK caused a marked 
increase of the lesions produced by patients' lymphocytes, namely to an average 
diameter of 4.9 ± 1.4 mm. The difference between the GVH effectiveness of 
lymphocytes from patients versus from normal controls, as well as the patients' 
lymphocytes before and after LK were highly significant (t value 0.0001). The 
increased E-rosetting and the GVH reactivity usually returned to the pretreatment 
level, or slightly above it, 24 hr later, but occurred again on second, third, and 
fourth daily administration of LK. A tendency of decreased response, however, 
was observed, especially with respect to the E-rosetting cells. Administration of 
LK after intervals of 1 week or more was associated with renewed response of the 
E-rosetting. 

Directly observable and palpable tumor masses were present in 18 of the 
patients. No response at all of the tumor mass was noticed in two patients. Two 
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other patients had minimal response, defined as less than 10 to 20% reduction in 
size, as determined by the product of the two largest opposing diameters. The other 
14 patients showed readily observable decrease of tumor size ranging from 20% to 
50 + %. The tumor size change was usually observable in 24 to 48 hr. It lasted 
usually for the duration of administration of LK (4 to 5 days). The tumors returned 
to pretreatment size within days following LK administration. Typically, pain and 
discomfort associated with the subcutaneous masses, or with bone lesions, were 
promptly relieved. On no occasion was there a demonstrable reduction of bone or 
other internal lesions. 

4. DISCUSSION 

This extensive clinical trial of systemic administration of LK to patients with 
solid tumors clearly demonstrates the safety of this material in the doses indicated. 
The s.c. administration is extremely well tolerated and the side effects are negligible. 
The i. v. infusion is clearly pyrogenic and could be difficult to tolerate. No attempts 
were made to determine whether the pyrogenic reactions were due to presence of 
IL-l or to common pyrogens. Although the doses were relatively small, the changes 
of the immune parameters showed conclusively that these doses were sufficient to 
modify favorably the immune status of the recipient. The increase of the E-rosetting 
cells (T lymphocytes) within 3 hr following administration of LK was consistent 
and substantial. The increased ability of patients' mononuclear cells (lymphocytes 
and monocytes) to attack the skin of an immunosuppressed rat, upon Ld. injection, 
was indeed dramatic. Remarkably, this increase of activity occurred very promptly 
after LK administration. The significance of this observation is further increased 
by the fact that this whole phenomenon was produced in vivo. in the intact patient. 
Lymphocytes collected before and after LK were tested by s.c. injection into the 
rat with minimal, if any, extracorporeal manipulation. The GVH assay clearly 
reflected an increased ability of the mononuclear cells of the patient to recognize 
better the foreign nature of the rat skin and either attack it directly or produce 
changes which the pretreatment patient cells could not induce. 

The mechanism responsible for these changes of the immune parameters of 
the patients following LK is not clear. The increase of the E-rosetting cells occurs 
too fast to be accounted for by increased production of T cells by the recipients. 
Release of T cells from tissues into circulation is a more likely explanation. The 
possibility, however, that a prompt development ofT -cell receptors in noncommitted 
lymphocytes, under the influence of the LK, cannot be excluded. Similarly, the 
increased reactivity of the patients' mononuclear cells to rat tissue is not readily 
understood. The presence of MIF in the LK preparation could account for the 
damage of the rat skin by activating the monocytes or natural killer cells. The time 
delay, however, suggests that some mechanism of recognition of the foreign nature 
of rat skin may be involved. If the improved GVH effect of the injected human 
mononuclears is due to an improved recognition of rat antigens by the lymphocytes, 
the presence of a previously undescribed LK capable of increasing the recognition 
ability of the lymphocytes must be assumed. Another possibility explaining the 
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improved GVH is the increased number of T cells (E-rosetting lymphocytes) fol
lowing the injection of LK. Again a previously unknown LK could explain either 
the release of lymphocytes or the differentiation of noncommitted cells to E -
rosetting lymphocytes. Another mechanism to explain all of the changes observed 
in the patients' immune parameters is the release of other substances (such as 
prostaglandins) by the patient under the influence of LK, without a direct effect on 
the patients' lymphocytes. 

The clinical effect of the small doses of systemic LK on superficial tumor 
masses is of substantial interest. Remarkable is the speed of producing these effects, 
most tumors having reduced in size within 24 hr. It remains unexplained why the 
only changes in tumor size occurred with subcutaneous masses, while all internal 
lesions remained unchanged. The relief of pain due to bone metastases in patients 
with breast and prostate cancers was also dramatic and, to a limited extent, of 
clinical value. The pain improvement also occurred very promptly, often within 24 
hr. Objective changes of the bone lesions were not, of course, demonstrable. It is 
likely that the pain relief was due to a minimal decrease of tumor size, insufficient 
for accurate detection by measurement but sufficient to relieve pressure on sensory 
nerves. As histological studies of the course of events in the tumors following the 
administration of LK were not carried out, we have no evidence that the tumor size 
reduction or the pain relief were at all associated with actual tumor cell destruction 
by the relevant cytolytic cells in the tumor (macrophages, cytotoxic lymphocytes, 
or natural killer cells). It is entirely possible that the reduction of subcutaneous 
masses was due to decreased swelling or hydration of the mass with resulting 
moderate reduction of size. The inability to enhance this effect by continued admin
istration of LK beyond the initial change is suggestive of such anti-inflammatory 
or tumor-dehydrating process. Similarly, the prompt recurrence of growth to pre
treatment size, often within 3-4 days, suggests that the tumor reduction may not 
have been due to actual tumor destruction. The failure of continuous administration 
of LK to reduce tumor size beyond the very early response is supportive of this 
possibility. 

The observations described above demonstrate and establish that LK produced 
by human lymphoid cells in tissue culture can be used safely for the study of 
immune mechanisms in patients. The specific crude preparation of mixed LK we 
used, had very little, if any, clinical therapeutic impact. The limited clinical studies 
of this nature reported by others (Dumonde et at., Chapter 49, this volume; Pap
ermaster et at., Chapter 37, this volume) seem to support these conclusions. Em
phasis must now be placed on the separation, identification, and clinical study of 
more purified LK with attempts to associate specific immune responses to individual 
molecular species. 
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Homosexuals with Acquired 
Immune Deficiency Syndrome 
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NICULAE CIOBANU, CORA STERNBERG, 
ROLAND MERTELSMANN, and 
HERBERT F. OETIGEN 

1. INTRODUCTION 

In 1981, a sudden increase in the incidence of Kaposi's sarcoma (KS), Pneumocystis 
carinii pneumonia, and other opportunistic infections was recognized among highly 
promiscuous homosexual men (Centers for Disease Control, 1981). More recently, 
these diseases are being observed among heterosexual men who are intravenous 
drug users, the sexual partners of these heterosexuals, and Haitian refugees (Centers 
for Disease Control, 1982). The disease has been named the acquired immune 
deficiency syndrome (AIDS). 

The immunosuppression which is found in the population at the highest risk 
to develop AIDS appears to be the main reason for the development of the oppor
tunistic infections (Masur et al., 1981). The nature of the cellular defect is not 
known; however, a decrease in the ratio of OKT4 versus OKT8, i.e., THrrs T-cell 
subsets, has been one of the characteristics (Gottlieb et al., 1981). 

In this study we have examined male homosexuals with AIDS/KS to determine 
whether the defect in cellular immunity correlates to their ability to produce IL-2 
and whether this defect can be corrected by exogenous IL-2. 

MICHAEL A. PALLADINO, KARL WELTE, NICULAE CIOBANU, CORA STERNBERG, ROLAND 
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eTLL·AII 
Remove IL·2 and starve for 6 hours at 37"C. 

Remove from lIask with 0.05% EDTA 

l Wash x2 

Dilute to 5x lD4/ml and add 100,.1 to serially 
diluted samples in 96-well-flat bottom plates 

Incubate for 18-20 hours at 37"C. 

Add l,.c of 3H-thymidine 
Incubate for 4-6 hours at 37"C. 

Add 20,.1 of 2% EDTA 

l Incubate fgr 15 minutes at 37"C. 

Remove cells with multicell harvester 

l Count in Liquid-Scintillation counter 

Determine Units of IL -2/ml by Probit Analysis 

2. MATERIALS AND METHODS 

MICHAEL A. PALLADINO et 81. 

FIGURE 1. IL-2 proliferation assay. 

2.1. Separation and Mitogen Stimulation of Peripheral Blood 
Mononuclear Cells 

Mononuclear cells were isolated by Ficoll-Hypaque density centrifugation 
from heparinized patient and nonna! donor peripheral blood lymphocytes. Mono
nuclear cells (l X 1()6/ml) were tested for proliferation and IL-2 production using 
phytohemagglutinin (pHA-P, 1/500 final dilution, Miles Laboratories, Elkhart, Ind.). 
Proliferation on day 3 was measured by [3H]_ TdR incorporation in the absence or 
presence of highly purified exogenous IL-2 (10 U/ml). 

2.2. IL-2 Purification and Assay for IL-2 Activity 

Highly purified IL-2 was prepared as previously described. This IL-2 prepa
ration is 37,OOO-fold enriched from lymphocyte-conditioned medium, shows a spe
cific activity of 106 U/mg protein, and consists of two active bands on a silver -
stained SOS-polyacrylamide gel (Welte et a/., 1982). 

The IL-2 assay was previously described (Palladino et at., 1983) and is outlined 
in Fig. I. The IL-2 concentration in each sample was calculated by probit analysis 
using a standard containing 420 U rat IL-2/ml. 

Our IL-2 units are defined as follows: 

CD rat spleen cells 
Balb/c spleen cells 
C57BU6 spleen cells 

Mononuclear source 

Human peripheral blood mononuclear cells 

106/ml + 5 ILg Con A 
1(j6/ml + 5 ILg Con A 
106/ml + 5 ILg Con A 
106/ml + 11500 PHA 

IL-2 Vlml at 48 hr 

75-150 
30-50 
2-5 
5-15 
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TABLE I. Production of IL-2 in Peripheral Blood Mononuclear Cells of Patients 
with AIDS/KS or Other Cancers 

IL-2 Vlml after induction with: a 

11500 PHA + 
Source None 1/500 PHA 10-<' M Indocinb 10-<' M Indocin 

Nonnal 0.10 13.10 0.10 15.50 
AIDS/KS 0.10 0.25 0.31 0.33 
Lymphoma 0.15 0.10 0.10 7.49 
Melanoma 0.10 4.10 0.10 7.98 

a 10" Ficoll-Hypaque (Phannacia Fine Chemicals. Piscataway. N.J.)-separated peripheral blood monocytes were stim
ulated for 24 hr in Eagle's minimum essential medium supplemented with 10% heat-inactivated fetal bovine serum. 
1 % nonessential amino acids. 2 mM L-glutamine. 100 U penicillinlml. 100 fLg streptomycinlml (complete MEM). 
and 5 x 10-5 M 2-mercaptoethanol. 

b Indocin (indomethacin. Sigma Chemical Co., SI. Louis. Mo.) was added at the start of culture. 

3. RESULTS 

3.1. Endogenous IL-2 Production 

Peripheral blood monocytes of patients with AIDSIKS, melanoma, or lym
phoma produced significantly lower amounts of IL-2 than normal controls after 
stimulation with PHA-P (Table I) (0.25, 0.10, and 4.1 Vlml, respectively, as 
compared to 13 Vlml for the normal controls). Addition of 10-6 M indomethacin 
resulted in restoration of IL-2 production in the patients with melanoma or lym
phoma. However, at present, no treatment has been able to restore IL-2 production 
in AIDS patients. Similar results have now been obtained with eight additional 
AIDS/KS patients and patients with sarcoma, breast, renal, lung, or larynx tumors 
(Palladino, unpublished observations). 

3.2. Effect of Purified IL-2 on Mitogen-Induced Proliferation 

The addition of IL-2 did not have a significant effect on the proliferation of 
mononuclear cells from AIDS/KS patients or controls (Table II). In the AIDS/KS 

TABLE II. IL-2-lnduced Proliferation of Peripheral Blood Mononuclear Cells from 
Patients with AIDS/KS 

['Hl-TdR incorporation (cpm) in mononuclear cells stimulated with:a 

Source 

Nonnal 
AIDS/KS 

Cells 
alone 

268 
118 

10 V IL-2 

1506 
639 

11500 PHA 

20,569 
451 

1/500 PHA + 
10 V IL-2 

25,723 
11,174 

a Proliferation was measured on day 3 by the addition of 1 fLCi ['Hl-TdR (6.7 Ci/mmole. New England Nuclear. 
Boston. Mass.) for 4--6 hr prior to cell harvest. 
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group, addition of purified IL-2 increased the level of [3H]-TdR incorporation to 
within 50% of the normal range of PHA-stimulated normal donor cultures. 

4. DISCUSSION 

In the present study we have described a defect in IL-2 production in peripheral 
blood monocytes of patients with AIDS/KS, melanoma, or lymphoma. The defect 
in the AIDS/KS patients appears to differ from the immunological depression seen 
in patients with the other cancers which could be corrected by indomethacin. The 
defect in AIDS/KS, however, does not appear to be at the level of the IL-2 receptor 
as exogenous IL-2 was able to significantly increase the proliferative response of 
the peripheral blood monocytes in the presence of PHA. 

The depressed IL-2 production in AIDS could suggest that production of IL-
2 by OKT8 + T cells is less than that of OKT4 + cells. In general, cells of the helper 
(OKT4, Lyt-l) T-cell subset produce significantly greater amounts of IL-2 than do 
cells of the cytotoxic or suppressor (OKT8, Lyt-2) phenotype. More likely though, 
the difference in IL-2 production may be due to the greatly reduced number of 
OKT4 + cells in the circulation (Gottlieb et al., 1981). In addition, the IL-2 pro
duction defect may be due to the altered production by both T-cell subsets possibly 
induced by a viral infection. Earlier studies have demonstrated that the epidemiology 
of hepatitis B virus, while not suspected of being the etiological agent in AIDS/KS, 
closely parallels that of AIDS/KS. Cytomegalovirus (CMV) and Epstein-Barr virus 
(EBV) are considered as highly suspect etiological agents for this disease. High 
levels of circulating CMV and EBV antibodies are also seen in these high-risk 
groups (Giraldo et al., 1980). However, the primary agent which is most likely a 
biological one has not as yet been defined. 

Treatment for AIDS has initially been directed to treatment of the immune 
deficiency and opportunistic infections. In this regard, our studies indicate that in 
vivo administration IL-2 may be beneficial. The availability of purified IL-2 through 
biotechnology and recombinant DNA technologies will be eagerly awaited. 
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Incorporation of Porcine Thymic 
Peptides into the Treatment of 
Fulminant Viral Hepatitis 

S. SU, z. Y. CUI, S. Y. CHANG, J. Y. SHI, 
W. P. DAO, C. X. ZHENG, S. L. LlU, C. S. HSU, 
L. X. CUI, G. C. YANG, and K. TAO 

1. INTRODUCTION 

Fulminant viral hepatitis is a serious disorder resulting from massive hepatic necrosis 
or sudden and severe impairment of liver function in a patient who has had no 
evidence of previous liver disease. Lately, exchange blood transfusion, charcoal 
hemoperfusion and hemodialysis with polyacrylonitrile have recently been intro
duced into the treatment of the disease, but its mortality remains high (>70%) 
(Gimson, 1982). Recent investigation of the pathogenesis in China reveals that 
most patients with this disease are complicated with severe deficiency of cellular 
immunity in addition to defect in general host defense. With these new findings in 
mind, we have conducted a trial using a low-molecular-weight thymic hormone 
preparation (thymic peptides) in our treatment protocol. To our regret, we have 
been unable to find in the English language medical literature any report of incor
poration of thymic peptide into the treatment of patients with fulminant viral hep
atitis. 

In this paper, we shall review briefly our preliminary experience on intravenous 
administration of thymic peptide preparation in the treatment of fulminant viral 
hepatitis, and give a detailed account of the clinical and histopathological changes 
in the liver during the course of the treatment. 

s. SU, z. Y. CUI, S. Y. CHANG, J. Y. SHI, and W. P. DAO • The First Hospital for Infectious 
Diseases, Beijing, China C. X. ZHENG • Beijing University, Beijing, China. S. L. LlU, 
C. S. HSU, L. X. CUI, G. C. YANG, and K. TAO. Chinese Academy of Medical Sciences, Beijing, 
China. 
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2. PATIENTS AND METHODS 

2.1. Patients 

During the period between January 1981 and November 1982, 15 patients 
were observed in the First Hospital for Infectious Diseases, Beijing. All of them 
suffered initially from fulminant viral hepatitis with grade II coma and eventually 
progressed to grade IV or V hepatic encephalopathy. The diagnosis was based on 
the following criteria: (1) clinical diagnosis of acute viral hepatitis with no previous 
history of liver disease; (2) after onset, rapid progression of the disease within a 
few days to further than grade II hepatic coma; (3) clinical and biochemical evidence 
of severe impairment in liver function; (4) duration of the disease not longer than 
3 weeks; and (5) histopathological examination revealing varying degrees of liver 
necrosis, including massive necrosis, submassive necrosis, confluent focal necrosis, 
or multilobular necrosis. The clinical features of the patients on admission are 
shown in Tables I and II. 

2.2. Liver SpeCimens 

Liver specimens for histopathological examination were obtained by liver bi
opsy from three surviving and two fatal cases at the initial stage of hepatic coma 
and from four recovered cases during the early stage after recovery from uncon
sciousness. Liver specimens of the remaining six fatal cases were obtained promptly 
after death by liver puncture. The hepatic morphological findings of 15 patients 
with fulminant viral hepatitis are given in Tables III and IV. 

2.3. Treatment 

The treatment protocol included (1) supportive measures, consisting of i. v. 
drip of 1500 ml of 15% glucose once a day, to which commonly used insulin (1 
U to every 6 g of glucose) was added; infusion of 500 ml dextrose daily and i. v. 
drip of potassium chloride 4-6 g/day (for cases with normal renal function) and 
i.v. drip of albumin 20 g/day for as long as 1-2 weeks; (2) corticosteroid therapy: 
prednisolone 60 mg/day given by i.v. injection; (3) symptomatic management; (4) 
glucagon 1 mg plus insulin 10 U dissolved in 10% glucose 500 ml i.v. drip once 
a day; and (5) use of porcine thymic peptide: 10-20 mg of lyophilized porcine 
thymic peptide preparation provided by Drs. Zheng and Liu was dissolved in 
100-200 ml of 10% glucose and given by i.v. drip once a day. 

3. RESULTS 

Seven of the fifteen patients survived after treatment. The survivors generally 
recovered from hepatic coma after being treated with the combined therapy within 
5 to 7 days and their clinical and biochemical evidence of hepatitis returned to 
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TABLE III. Histopathological Findings in Nonsurviving Cases 

Case Time of liver puncture Histopathological findings 

I Promptly after death Massive hepatic necrosis 
2 Promptly after death Massive hepatic necrosis 
3 Promptly after death Massive hepatic necrosis 
4 In deep coma Massive hepatic necrosis 
5 Promptly after death Massive hepatic necrosis 
6 In deep coma Submassive hepatic necrosis 
7 Promptly after death Massive hepatic necrosis 
8 Promptly after death Massive hepatic necrosis 

normal after 3 to 6 months of treatment. Repeated liver biopsy performed at an 
early stage after recovery from unconsciousness in four recovered cases showed 
that the degree of liver necrosis markedly decreased, but portal and periportal 
inflammation and liver cell swelling and degeneration remained quite marked. The 
biopsy specimen obtained at recovery stage showed no liver necrosis or portal 
inflammation. However, hepatocyte degeneration persisted. No fibrosis could be 
found on repeated biopsy of a specimen obtained in the period of convalescence. 
Two patients received follow-up liver biopsy at 12 months after the fulminant illness 
and by that time they had completely recovered clinically and their liver function 
tests were normal. Their follow-up histopathological examination showed that the 
hepatic morphological findings had returned to nearly normal. 

4. CASE REPORTS 

4.1. Case 1 

A 34-year-old male was admitted to the hospital in September 1982 with a 
clinical diagnosis of fulminant viral hepatitis. The patient developed fulminant liver 
failure with grade II hepatic coma and deep jaundice. Physical examination showed 
marked reduction in liver size and this was confirmed by ultrasound examination. 
The biochemical liver function test performed on admission showed a high level 

TABLE IV. The Results of Liver Biopsies in Survivors 

Case Time of liver biopsy Histopathological findings 

1 In deep coma Confluent multilobular focal necrosis 
2 One day after recovery from hepatic coma Multilobular focal necrosis 
3 8 days after recovery from hepatic coma Focal liver necrosis 
4 10 days after recovery from hepatic coma Focal liver necrosis 
5 In deep coma -Confluent multilobular focal necrosis 
6 One day after recovery from hepatic coma Multilobular focal necrosis 
7 In deep coma Confluent multilobular focal necrosis 
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of serum bilirubin (17.96 mg/IOO ml) and serum GPT (903 U). His serum albumin 
fell to 3.17 g/IOO ml and the prothrombin activity fell to less than 20%. The day 
after admission, the grade of coma progressed from grade II to grade V; liver biopsy 
was carried out immediately after infusion of prothrombin complex. The patholog
ical diagnosis was confluent multilobular focal liver necrosis (Fig. 1), which dem
onstrated that the fulminant hepatic failure was due to severe hepatic necrosis. The 
patient received 10 mg thymic peptide per day, given by i.v. drip in combination 
with the other treatments as indicated above. Seven days after treatments, the patient 
recovered from unconsciousness and presented laboratory evidence of improvement 
in liver function. Repeated liver biopsy was performed during that period, revealing 
that the liver necrotic changes markedly lessened along with the decrease of portal 
inflammation (Fig. 2). Six months after treatment, the clinical symptoms of hepatitis 
had completely disappeared, the biochemical liver function test returned to normal, 
and the third liver biopsy performed at that time confirmed that the morphological 
findings of the liver were nearly normal (Fig. 3). 

4.2. Case 2 

A 25-year-old man was admitted to the hospital on August 15, 1982, with 
fatigue, loss of appetite, nausea, and jaundice for 7 days' duration. Physical ex
amination of the patient showed extreme fatigue with deep yellow color of the skin 
and sclera. Liver function test showed serum bilirubin 8.8 mg/IOO ml, GPT 576 

FIGURE 1. Case 1. Liver biopsy on the second day of coma. Histopathological examination 
reveals a confluent multilobular focal necrosis. 



PORCINE THYMIC PEPTIDES 537 

FIGURE 2. Case 1. Liver biopsy on the day after recovery from unconsciousness. Liver necrosis 
and inflammation have markedly decreased. 

FIGURE 3. Case 1. Liver biopsy 6 months after fulminant illness. The hepatic morphological 
findings have become nearly normal. 
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U, serum albumin 3.06 g/l00 ml, and decrease of prothrombin activity to 48%. 
On the second day of admission, the patient's condition rapidly exacerbated, en
cephalopathy developed to grade III and rapidly progressed within a few days to 
grade IV hepatic coma. Liver biopsy carried out on the fourth day after hepatic 
coma showed a confluent multilobular liver necrosis (Fig. 4). After being treated 
with combined therapy for 7 days, the patient recovered from coma. Ten days after 
recovery from unconsciousness, he received repeated liver biopsy. The biopsy 
findings revealed that hepatocyte necrosis and inflammation were markedly de
creased (Fig. 5). Three months after treatment the patient recovered. Follow-up 
liver biopsy performed 6 months after discharge showed that the hepatic morpho
logical findings became nearly normal (Fig. 6). 

5. DISCUSSION 

Thymic hormone treatment for fulminant viral hepatitis is still in its early 
stages of clinical study. The incorporation of this immune agent into the treatment 
of fulminant viral hepatitis is based on the following concepts which have recently 
been established according to the results of investigation in China, i.e., most of 
the patients with severe viral hepatitis are often complicated with failure of cell
mediate immunity and decreased host defense (Zhang et al., 1979; Su and Cui, 
1981). Thus, adding thymic hormone to the composite therapy of fulminant viral 
hepatitis is probably of benefit to the patient's resistance to infection caused by 

FIGURE 4. Case 2. Biopsy obtained on the fourth day of coma. A confluent multilobular focal 
necrosis is seen. 
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FIGURE 5. Case 2. Liver specimen obtained on the day after recovery from coma. The necrotic 
and inflammatory changes in the liver show marked remission. 

FIGURE 6. Case 2. Follow-up liver biopsy performed 6 months after discharge. The histological 
findings of the liver have nearly returned to normal. 
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bacteria, fungi, and other viruses and thereby may prevent the development of fatal 
complication of infection. But the effect of thymic hormone on the treatment of 
fulminant viral hepatitis remains to be studied carefully under· controlled circum
stances. 
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Use of Porcine Thymic 
Immunomodulator in the 
Treatment of Chronic Hepatitis B 

SU SHENG and JIN YIFENG 

1. INTRODUCTION 

Studies of hepatitis B surface antigen (HBsAg) prevalence reveal that more than 
100,000,000 healthy persons in the world are actually infected with hepatitis B 
virus and some of these infections may progress to chronic active hepatitis (CAH). 

So far, the mechanism of CAH B has not been elucidated. The working 
hypothesis suggested by Eddleston and Williams (1974) was that HBsAg-positive 
and some of the HBsAg-negative cases of CAH were initiated by exposure to 
hepatitis B virus. The production of an autoimmune reaction during the course of 
CAH B is considered to be associated with the synthesis and release of the damaging 
autoantibody, in which the interactions between T and B lymphocytes may play an 
important role. According to the hypothesis suggested by Mackay (1975), there are 
two possible processes for the induction of autoantibody production. The first is 
the escape of T cells from tolerance with reactivity against self, which could result 
in activation of cytotoxic T cells and/or helper T cells to stimulate B cells to produce 
autoantibody. Second, deficiency in suppressor T-cell function could allow hyper
production of autoreactive B cells and thereby also increase autoantibody produc
tion. Thus, enhancement of the function of suppressor T cells is considered to be 
of fundamental importance in the treatment of CAH B. For this purpose, it may 
be mentioned that Bach (1977) demonstrated that experimental thymic hormone 
treatment of animals could restore suppressor T-cell function or prevent its decline. 

For the above-mentioned reason, the thymic hormones have been widely used 
for the treatment of CAH B in China since 1979 (Nanjing Associated Group for 
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Study on Thymic Honnones, 1980; Chang, 1981; Li, 1980; The First Hospital for 
Infectious Diseases, 1980). 

2. FIRST TRIAL 

The first clinical trial was carried out in 1979 and 1980 by the Nanjing As
sociated Group for Study on Thymic Honnones. Thymic honnone, provided by 
one of us (J. Y.), was isolated from porcine thymocytes and tenned porcine thymic 
immunomodulator (PTI). This extract consists of at least 40-50 polypeptides or 
proteins with molecular weight ranging from 7000 to 9600 and it has been shown 
to have E-rosette augmenting activity, to have no acute toxicity and no hypersen
sitive reaction, and to be free from pyrogen. During this clinical trial, 72 consecutive 
adult patients, including 33 CAH B, 18 HBsAg-positive chronic persistent hepatitis 
(CPH), and 21 CAH B with subacute hepatic necrosis, were observed. The clinical 
diagnosis of all patients was established according to criteria of the Prevention and 
Treatment Scheme of Viral Hepatitis fonnulated at the National Conference on 
Viral Hepatitis in 1978 in China. All of our CAH and CPH patients had severe 
symptoms and obvious biochemical evidence of liver dysfunction, and all cases 
with clinical diagnosis of CAH B with subacute hepatic necrosis had progressed to 
liver failure with greater than grade II hepatic coma before the initiation of the 
clinical observation. PTI 10 mg/day was given alone by i.m. injection for 3-6 
months to patients with CAH and CPH, but for patients with CAH B with subacute 
hepatic necrosis, the dosage was raised to 20-40 mg/day in combination with 
infusion of fresh frozen plasma, albumin, glucose, and electrolytes, 1. v. injection 
of prednisolone, supportive treatment, and relevant symptomatic management. 

The results of PTI therapy as shown in Table I indicate that BTl treatment 
seems to be effective for CAH B and the therapeutic efficacy of PTI appears to be 
greater for CAHB than for both CPH Band CAH with subacute hepatic necrosis. 

3. SECOND TRIAL 

On the basis of the results of the first clinical trial, a control randomized study 
was carried out from 1980 to 1981 by the Nanjing Associated Group for Study on 
Thymic Honnones. Forty-eight consecutive adult patients with clinical diagnosis 
of CAH B were observed. The patients were randomly assigned to one of the 
following regimes of treatment: 24 patients were given glucuronate 800 mg/day for 
6 month's duration plus vitamin C, vitamin B, and other drugs which are regularly 
used in the treatment of viral hepatitis in China. Findings on physical examination, 
results of liver function tests, and the persistence of serum HBsAg were recorded 
before the treatments and every 4 weeks afterwards. The results of this clinical trial 
are summarized in Table II. The data as shown in Table II reveal that in 16 of the 
24 patients who were treated with PTI, remission was induced. Before the thera-
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TABLE I. The Results of PTI Treatment in the Three Types of Chronic Hepatitis B 

Result 

Clinical No. of Hepatic Remission" No effectl' Survival Death 
diagnosis cases coma (%) (%) (%) (%) 

CAHB 33 0 24 9 
(72.7) (27.3) 

CPHB 18 0 7 II 
(38.9) (61.1) 

CAH B with 21 21 8 13 
subacute (38.1) (61.9) 
hepatic 
necrosis 

• "Remission" means that all the symptoms have disappeared and the results of biochemical liver function tests have 
returned to normal. 

• "No effect" indicates no significant changes in clinical symptoms and biochemical liver function tests after treatment. 

peutic trial, all 16 patients exhibited varying degrees of general debility and loss 
of appetite and weight. Some of them had a slowly progressive jaundice. Liver 
function tests before the initiation of the clinical trial showed that all 16 patients 
had a high GPT (200-700) and TIT (7-26 U). After being treated with PTI for a 
period of 3-6 months, complete remission was seen and their serum GPT and TIT 
returned to normal. In contrast, improvements in both clinical symptoms and liver 
function tests were found in only four of the 24 control patients (p < 0.05). How
ever, only a few cases (4124) showed a conversion to HBsAg negative after PTI 
treatment, which was of no statistical significance as compared with the controls. 

4. CONCLUSION 

From this limited experience we may conclude that PTI treatment may have 
a beneficial effect on CAH B cases. Definite conclusions can only be made after 
a more extended randomized double-blind clinical study. 

TABLE II. The Results of PTI Treatment in HBsAg-Positive CAH 

After treatment 

GPT return TIT return HBsAg convert 
to normal to normal to negative Remission 

Group (%) (%) (%) (%) 

PTI (n = 24) 16 16 4 16 
(66.7) (66.7) (16.7) (66.7) 

Control 4 4 0 4 
(n = 24) (16.7) (16.7) (16.7) 
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1. INTRODUCTION 

In the early 1970s, in searching for approaches which could reinforce immune 
responsiveness in our immunocompromised patients with aplastic or proliferative 
blood disorders, our attention became focused on the thymus gland. Previous studies 
on human fetal thymus transplantation in patients displaying various primary and 
acquired immunodeficiencies had proved to be partially successful in terms of 
immunorestoration and concomitant improvement of clinical status (August et al., 
1968; Cleveland et al., 1968; Marcolongo and Di Paolo, 1973; Serrou, 1974; 
Stutzman et al., 1971). 

Between 1972 and 1974, we studied the clinical usefulness of myasthenic 
thymus transplantation in 30 patients suffering from acute and chronic leukemia 
and Hodgkin's disease (Aleksandrowicz et al., 1973; Rzepecki et al., 1973, 1974; 
Szmigiel et al., 1975). As a result of this treatment, more than 50% of the patients 
showed improvement in immune and hematological parameters with only one case 
of GVH reaction. 

As the clinical effects of this "transplantation thymotherapy" were transient, 
lasting only 4-8 weeks, one of us (l.A.) proposed maintenance treatment with 
thymus-derived humoral factors. Taking into consideration the potential advantages 
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of "humoral thymotherapy," such as the possibility of repeated injections of known 
amounts of thymic hormone-like factors and their species nonspecificity, we col
laborated with Polfa Pharmaceuticals in Jelenia Gora, Poland, in an attempt to 
obtain a biologically active extract from calf thymus. 

Such a semipurified extract, designated thymus factor X (TFX-Polfa), was 
obtained in 1973 and extensive efforts were made by several Polish investigators 
to evaluate its biological activity and potential clinical usefulness in various ex
perimental systems. 

In this paper, we shall summarize the known characteristics ofTFX and present 
the results of clinical studies with TFX in selected groups of patients. 

2. PURIFICATION AND CHEMICAL CHARACTERIZATION OF 
TFX 

TFX is an aqueous extract of the thymus gland from 5- to 7-week-old calves. 
The purification procedure employs the Polfa patented method involving ammonium 
sulfate fractionation, desalting through a G-25 porosity molecular sieve, and ion
exchange chromatography (Aleksandrowicz et al., 1975; Czarnecki and Jaskolski, 
1978). TFX is a nucleotide- and lipid-free polypeptide mixture, with a major
component molecular weight of 4200, accompanied by traces of several other 
fractions with molecular weight ranging from 2000 to about 18,000, which can be 
detected by 10% polyacrylamide gel electrophoresis at pH 6.8 (Skotnicki, 1978; 
Staroscik et al., 1978). The detailed chemical characterization of TFX will be 
published elsewhere (Low et al., in preparation). 

3. BIOLOGICAL PROPERTIES OF TFX 

During the last 12 years, TFX was tested in several assays designed for studying 
thymus-derived products. Investigations included the effect of TFX on both T-cell 
markers and proliferative capacity, as well as the effect on T-cell effector functions. 

The following list presents a summary of some of the biological properties of 
TFX. 

3.1. Activities in Vitro 

1. Restoration of azathioprine sensitivity of E-rosette-forming spleen cells 
from adult, thymectomized mice (Skotnicki, 1978; Gieldanowski and Ko
walczyk-Bronisz, 1978). 

2. Increase of steroid resistance of murine thymocytes (Gieldanowski and 
Kowalczyk-Bronisz, 1978). 

3. Restoration of the ability of spleen cells from neonatally thymectomized 
mice preincubated with TFX to elicit GVH reaction (Slopek et al., 1978). 

4. Enhancement of murine MLR response (thymocytes against blocked al
logeneic spleen cells) (Skotnicki et al., manuscript in preparation). 
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5. Enhancement of allogeneic MLR response in patients with autoimmune 
disorders (Skotnicki et al., manuscript in preparation). 

6. Increase of number of E-rosette-forming cells in cord blood, and in patients 
with rheumatoid arthritis, chronic hepatitis, multiple sclerosis, and in some 
patients with solid tumors (Skotnicki, 1978; Dabrowski et al., 1980; Skot
nicki et al., manuscript in preparation). 

7. Increase of Con A-induced suppressor activity of lymphocytes from pa
tients with chronic hepatitis (Dabrowski and Dabrowska-Bemstein, 1981; 
Dabrowski et al., 1983). . 

8. Enhancement of spontaneous, as well as SEA, Con A, autologous or 
allogeneic MLR-induced 'V-interferon production by lymphocytes from 
normal donors and patients with rheumatoid arthritis and multiple sclerosis 
(Skotnicki et al., manuscript in preparation). 

9. Enhancement of PHA-induced TCGF (IL-2) production by lymphocytes 
from normal donors and patients with multiple sclerosis and rheumatoid 
arthritis (Skotnicki et al., manuscript in preparation). 

10. Enhancement of colony-stimulating factor (CSF) production by human 
leukocytes (Gorski et al., 1981). 

11. Increase of PHA-induced human T-cell colony formation in soft agar 
culture (Gorski et at., 1983). 

12. Increase of PHA- and 2-mercaptoethanol-induced murine T and B lym
phoid colony formation in soft agar culture (Gorski et al., 1981). 

13. Increae of myelopoiesis by murine spleen cells (Skotnicki, 1980; Gorski 
et at., 1981). 

14. Effects of chronic lymphocytic leukemia lymphocytes: increase of the 
number of E-rosette-forming cells, increase of the intracellular cAMP 
levels (with no effect on phosphodiesterase activity) and protein kinase 
activity; reduction of abnormal glycogen content, alteration of surface 
structure scanning microscope characteristics and lymphocyte lysosomal 
activity (Skotnicki et at., 1976, 1978; Aleksandrowicz et at., 1977; Thom
son et at., 1979). 

15. Enhancement of T-cell-dependent immunoglobulin synthesis by human 
PBL from normal donors with no effect on direct B-cell response, sug
gesting influence on T-helper cells (Gorski et at., 1983). 

16. Decrease of antibody response of "high" responder to B-cell challenge, 
e.g., lymphocytes from renal allograft recipients with acute rejection ep
isodes (Gorski et al., 1982). 

3.2. Activities in Vivo 

1. Leukocytopoietic effect in rabbits and normal adult thymectomized mice 
(Jaszcz et at., 1980; Turowski et at., 1975). 

2. Enlargement of thymus-dependent areas of lymph nodes and spleen in 
normal and thymectomized animals (Jaszcz et at., 1980; Slopek et at., 
1980). 
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Dilatation of cortical zones of thymus with increased numbers of thymocytes 
(Slopek et ai., 1980). 
Rejuvenation of bone marrow hemopoietic cell population (Slopek et ai., 
1980). 
Increase of survival of irradiated animals (Wazewska-Czyzewska et ai., 
1977). 
Enhancement of PHA and Con A response of lymph node lymphocytes 
derived from TFX-treated mice (Skotnicki, 1978). 
Enhancement ofT and B cells and granulocyte-macrophage colony-forming 
capacity of murine spleen cells after in vivo TFX administration (Gorski et 
ai., 1981). 
Stimulation of spermatogenesis and fertility in mice and rats (Slopek et ai., 
1980). 
Antitumor effect on several models of transplantable tumors (Ehrlich can
cer, Sa-180, polyoma, Sa-Llo LLC) expressed by the delay or inhibition 
of tumor growth, the appearance of lymphocyte and macrophage infiltration 
of tumor-surrounding tissue, inhibition of development of lung metastases 
after i.v. injection of tumor cells, prolongation of survival time of tumor
bearing animals (Jaszcz et ai., 1981). 

4. CLINICAL TRIALS WITH TFX 

4.1. Patients with Primary Immune Deficiency Syndromes 

Two patients with severe hypogammaglobulinemia (age 18 and 40) were the 
subjects on one of the first trials with TFX (Skotnicki et ai., 1975). They suffered 
from frequent upper and lower respiratory tract infections and were on almost 
constant antibiotic therapy. Daily injections ofTFX for 3 months resulted in reversal 
of some of the abnormal laboratory parameters; however, the low levels of IgG 
remained (Table I). On the other hand, TFX therapy lowered the previous rate of 
infections, possibly due to the normalization of the coexisting decreased cellular 
immunity. 

In another patient, with Louis-Bar syndrome (ataxia telangiectasia), age 10, 
injections of TFX caused an increase of lymphocyte count, especially with T-cell 
markers and subsequent clearing of the lung X-ray picture from long-lasting pul
monary infection. The severe neurological state remained unchanged; however, no 
improvement in this aspect was expected. 

4.2. Patients with Bone Marrow Failure 

The rationale for clinical trials with TFX in patients demonstrating bone marrow 
insufficiency was based on experimental data showing the relationship between 
thymic humoral function and hemopoiesis (Trainin and Resnitzky, 1969; Zipori and 
Trainin, 1975), as well as the effect 'of TFX on mouse and human myelopoiesis 
(Skotnicki et at., 1980; Gorski et at., 1981). 
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TABLE I. Effect of TFX on Some Immunological Parameters in 
Patients with Hypogammaglobulinemia8 

Test TFXb Patient T.S. Patient 1.Z. 

Absolute number of PBL/mm3 Before 1428 785 
After 3016 2450 

E-rosette-forming cells Before 18% 48% 
After 60% 77% 

IgG in mgllOO ml Before 222 39 
After 330 330 

Delayed hypersensitivity reaction Before 
against PPD After -+ +++ 

Lymphocyte glycogen content Before +++ ++ 
After + + 

NBT test nonstimulated and E. coli Before NO 8% (16%) 
stimulated (in parentheses) After NO 20% (37%) 

, From Skotnicki et at. (1975). 
b Daily s.c. TFX injections (10 mg) for 3 months. 
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Recent observation of hematological recovery in three out of six patients with 
idiopathic aplastic disorders treated with a bovine thymic factor, thymostimulin Tp-
1 (Guglielmo et af., 1983), confirmed our previous similar clinical results with 
TFX. Moreover, the administration of Tp-l was followed in all patients by the 
restoration of normal T-cell helper/suppressor ratio due to a selective increase in 
absolute T -helper cell count. A similar finding was found in seven patients with 
aplastic anemia treated for 3 weeks with TFX (Gorski et al., 1983). 

To test the potential therapeutic value of TFX treatment in patients with bone 
marrow failure, four studies were performed during the last 7 years, which are 
summarized as follows. 

I. In 7 out of 10 patients with primary aplastic anemia or dyserythropoietic 
syndrome refractory to conventional myelotrophic treatment, 14-30 days of TFX 
administration (10 mg/injection) resulted in increased reticulocyte, erythrocyte, 
granulocyte, and lymphocyte counts followed by a rise in platelet levels. Follow
up evaluation of the bone marrow picture showed increased cellularity and matu
ration of blood cell precursors (Aleksandrowicz and Skotnicki, 1976; Aleksan
drowicz et af., 1975). 

II. Patients with malignant disorders showing secondary leukopenia (or pan
cytopenia) due to bone marrow toxic agents (cytostatic drugs, X-ray therapy) were 
divided into two groups (Aleksandrowicz et af., 1975; Skotnicki, 1980): 

1. Patients (N = 4) with severe leukopenia and septicemia as a result of prior 
therapy-TFX administration resulted in the prevention of further deterioration, 
increased WBC count, and improvement of clinical state. 

2. Patients (N = 6) undergoing long-term cherno- or radiotherapy with pan
cytopenia tendency-TFX injections made the continuation of necessary antipro
liferative treatment possible with the achievement of greater therapeutic antitumor 
effect. 

III. Thirty patients with long-lasting secondary leukopenia caused by different 
drugs (i.e., antibiotics, mainly chloramphenicol, anticonvulsants, antiarthritics, an-
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tithyroids) (N = 14), professional exposure to X-ray or chemical agents (N = 6), 
or considered as "idiopathic" (N = 10) were studied. The patients were resistant 
to leukopoietic therapy during several months or years of ambulatory observation 
and most of them were suffering from frequent viral and bacterial infections. Their 
mean WBC counts in repeated tests performed at least 1 month prior to entry into 
the trial with TFX ranged between 2400 and 31OO/mm3• TFX was injected s.c. 
twice weekly in doses of 10 mglinjection for 12 weeks to otherwise untreated 
patients. More than half of the patients (53%) responded to TFX with a significant 
increase (p < 0.01 and p < 0.05) of their mean WBC in 8 of the 12 weekly 
assessments. The remaining patients did not respond, and in some a significant 
decrease of WBC count was observed; however, the drop of WBC never exceeded 
the potentially dangerous value of 2000/mm3• 

The different and even opposite effect of TFX administration in the above 
nonpreselected patients with secondary leukopenia could reflect not only irreversible 
damage of leukopoiesis in some of the nonresponders, but also different mechanisms 
leading to leukopenia, i.e., inadequate production or excessive immune destruction 
of cells which could be enhanced by thymic factors in some of the patients. 

There were no significant changes in relative proportions of neutrophils, mon
ocytes, and lymphocytes. However, TFX normalized the percentage of E-rosette
forming cells by increasing it from lower values (from 20-60%, mean 50%) in 13 
patients and decreasing it from higher than normal values (71-91 %, mean 80%) 
in 14 patients. 

The simultaneously performed determination of erythrocyte and platelet counts, 
as well as liver enzyme and kidney function tests, protein and iron levels, and 
granulocyte lysosomal enzyme activity, did not show significant changes during 
the 3 months of TFX injections. Clinically, a decreased rate of infections was 
observed in the whole group of patients during and after TFX treatment. 

It was concluded that TFX is a safe agent which is able to stimulate leukopoiesis 
in about 50% of patients with secondary leukopenia resistant to other forms of 
therapy (Skotnicki et ai., 1983b). 

IV. A randomized open trial in patients with primary lung cancer showed that 
the combined treatment of radiotherapy plus TFX injections resulted in better he
matological tolerance than in patients subjected only to radiotherapy (Table II). It 
is worthwhile to note that no decrease of WBC count below 3000/mm3 occurred 
in the TFX group, as compared to a decrease of 24% in the control group (Zeromski 
et ai., 1976). 

4.3. Patients with Autoimmunoaggressive Syndromes 

The pathogenesis of these diseases seems to be related to the breakdown of 
immune tolerance due to abnormalities in endogenous immunoregulation. 

The lack of autoreactivity in healthy subjects is thought to be the result of 
constant active control-regulation of the immune reactions against autologous 
tissues throughout life. 

The physiological control which maintenances the autoimmune unresponsive
ness is attributed to suppressor T-cell function and to the shifting balance between 



T
A

B
LE

 I
I. 

E
ffe

ct
 o

f 
T

F
X

 o
n 

H
em

at
ol

og
ic

al
 V

al
ue

s 
o

f 
P

at
ie

nt
s 

w
ith

 P
ri

m
ar

y 
Lu

ng
 C

an
ce

r"
 

H
b.

 e
ry

th
ro

cy
te

s 
L

eu
ko

cy
te

s 

T
he

ra
py

 
In

cr
ea

se
 

N
o 

ch
an

ge
 

D
ec

re
as

e 
In

cr
ea

se
 

N
o 

ch
an

ge
 

D
ec

re
as

e 

6O
CO

 (
N

 =
 5

4)
 

0%
 

72
%

 
28

%
 

0%
 

24
%

 
76

%
 

6O
CO

 +
 T

F
X

 
(N

 =
 41

)b
 

44
%

 
39

%
 

17
%

 
47

%
 

29
%

 
24

%
 

• 
Fr

om
 Z

er
om

sk
i 

e
l 

al
. 

(1
97

6)
. 

b 
20

-3
0 

da
ys

' 
ra

di
ot

he
ra

py
 w

ith
 s

im
ul

ta
ne

ou
s 

da
il

y 
T

FX
 i

nj
ec

tio
ns

. 

D
ec

re
as

e 
be

lo
w

 
30

00
/m

m
l 

24
%

 

0%
 

~ ~ ~ 81
 .... 



552 ALEKSANDER B. SKOTNICKI et aI. 

helper and suppressor populations. Suppressor T lymphocytes create a kind of 
"suppressor umbrella" (Fig. 1). This suppressor barrier is thymus dependent as 
thymectomy or antithymocyte serum abolishes it, resulting in the derepression of 
autoreactivity with subsequent humoral and cellular aggression against self. This 
also occurs when autoantibody-inducing factors, i.e., some drugs, stress, or injec
tion agents, operate on genetically susceptible individuals. 

Four ostensibly nonrelated autoaggressive diseases, lupus erythematosus, rheu
matoid arthritis, chronic active hepatitis, and mUltiple sclerosis, although so different 
in their clinical presentation, have many common characteristics such as chronic 
self-perpetuating course, the presence of polyclonal hypergammaglobulinemia with 
multiple autoantibodies, the accumulation of lymphocytes and plasma cells in dam
aged tissue, the pathogenic role of immune complexes with neutrophil-dependent 
tissue injury, and the presence of specific sensitized cytotoxic T cells. Disordered 
cellular immunity with low suppressor cell activity expressed predominantly during 
the exacerbation phase of disease, genetic predisposition in young female adults, 
and therapeutic effectiveness of corticotherapy are other common features (Fig. 2). 

It seems important that the treatment of patients with autoimmunoaggressive 
syndromes be directed toward the restoration and maintenance of active immuno
regulatory mechanisms and not only just to the effector arm of the autoimmune 
response as is the case with immunosuppressive or anti-inflammatory drugs. 

The above approach can be realized by substitution of endocrine thymic func
tion by thymic humoral factors, or thymomimetic drugs like levamisole. It has 
already been found that this type of immunotherapy results in serological and clinical 
improvement in several patients with different autoimmunopathies (Veys et al., 
1981; Skotnicki. 1983). Moreover, the maintenance of the immune balance by 
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FIGURE 1. The control of humoral autoreactivity (grossly simplified). While suppressor "um
brella" is hermetic, autoreactivity is kept in check. Several indicated factors could break this 
barrier in genetically susceptible subjects making it permeable to self-reactive B cells (the same 
is related to autoreactive T cells). This results in autoimmune syndromes like systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), chronic aggressive hepatitis (ChAggH), multiple 
sclerosis (MS), etc. Thymic extracts or thymomimetic drugs like levamisole could reinforce the 
endogenous immunoregulatory mechanisms and temper the disease activity. 
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FIGURE 2. The similarity in pathogenesis of 
four symptomatically different human dis
eases. 
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prolonged immunoregulatory treatment is generally safe and inexpensive, decreases 
sensitivity to infections, and can be applied to young people in the early stages of 
disease with potentially reversible immune and tissue damage, thus halting the 
development of the disease. 

4.3.1. Patients with Rheumatoid Arthritis 

TFX was administered s.c. in 20 patients with rheumatoid arthritis (ages 18-45), 
10 mg daily doses for 2 weeks, and then twice weekly for 6 months (Skotnicki et 
al., 1983). 

In 16 patients (80%), clinical evaluation as well as laboratory findings revealed 
the suppression of the clinical manifestation of the disease and reduction of inflam
matory activity and hyperimmune phenomena. 

The clinical improvement was manifested in both subjective (pain and morning 
stiffness) and objective (number of swollen and tender joints, muscle strength) 
parameters. Serological evaluation showed decreased rheumatoid factors levels, 
normalization of hypergammaglobulinemia and blood sedimentation rate, as well 
as increased hemogloblin and iron levels. 

The clinical improvement preceded the change of laboratory findings, and was 
generally observed after 4 to 12 weeks of TFX administration. 

The increased tolerance to weather changes and increased vigor and general 
mobility of the patients subjected to TFX treatment were also noted. 

Apart from transient joint exacerbation during the first few weeks in one-third 
of the patients, no other side effects which could be related to TFX therapy were 
found. 

Longer follow-up studies are necessary to evaluate the role of immunomo
dulation by TFX in rheumatoid arthritis patients, including the radiological pro
gression of the disease. 

4.3.2. Patients with Virus B Hepatitis 

4.3.2a. Patients with Acute Hepatitis. In a placebo-controlled double-blind 
trial in 60 patients with acute hepatitis, 15 injections of TFX for 20 days beginning 
from the day of diagnosis, caused faster decrease of total bilirubin and iron levels 
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with earlier clinical improvement and reappearance of appetite, as compared to the 
control placebo group. There was no significant difference between the two groups 
in terms of other serological parameters (Kiczka and Ozynski, 1983). 

4.3.2b. Patients with Chronic Active Hepatitis (CAH). Selection of the patients 
was based on subnormal proportion of E-rosetting lymphocytes elevated after in 
vitro incubation with TFX, weak PHA and Con A responses, and in some cases, 
negative skin tests to tuberculin and DNCB. To date, the study includes 27 patients 
receiving s.c. TFX injections for 2 to 41 years. TFX was administered daily for 
the first 30 days and every second or third day thereafter (Dabrowska-Bernstein et 
al., 1980; Dabrowski et al., 1980). 

Immunological monitoring included (1) evaluation of E-rosette-forming ca
pacity in terms of so-called instant rosettes (15 min incubation of PBL with SRBC 
at room temperature), early rosettes (1 hr incubation at 4°C), and late rosettes (18 
hr incubation at 4°C); (2) proliferative response of PBL to T-cell mitogens PHA (5 
fJoglml) and Con A (20 fJog/ml); (3) Con A-induced suppression of PHA response 
by autologous PBL. After 3 weeks of treatment, TFX caused the normalization of 
percent E-rosetting cells in about 90% of the patients. The repeated assessments 
showed the maintenance of normal values of the three classes of E-rosettes during 
the prolonged TFX injections. This first signal of immunocorrection was followed 
during 2 to 8 months of immunotherapy by the improvement of in vitro proliferative 
Con A responses and suppressor activity. Normalization of PHA responses was 
found starting at 1 to 21 years of TFX therapy. 

The observed sequence of immunorestoration induced by TFX which is similar 
to the ontogenetic development of lymphocyte immunocompetence, suggests phys
iological effects of this putative thymic hormone on target cells. 

Serological, clinical, and histological assessments were completed in 21 pa
tients. They revealed an improvement or normalization of serum values of trans
aminase, bilirubin, albumin, 'Y-globulin, cholinesterase, 'Y-glutamyltransferase, VII 
and X clotting factors, and prothrombin time in about 60 to 80% of cases. The 
disappearance of HBsAg was observed in 13 patients (61 %) about 16 months after 
the beginning of immunotherapy. An evident drop of the autoantibody levels, mainly 
antinuclear, anti-smooth muscles, and antimitochondrial, was also found. 

The histological pictures in the repeated liver biopsies (in 11 to 18 months of 
TFX therapy) showed a resolution of mononuclear infiltrations in 50% of patients 
and in the remaining cases there was no significant change compared to the pretrial 
picture suggesting the inhibition of progressive liver tissue damage and fibrotic 
replacement. 

Clinically, more than 50% of patients showed subjective and objective im
provement with disappearance of dysgeusia, diminished liver size and compactness, 
decreased splenomegaly in two cases, and resolution of ascites and edemas in one 
patient in the third year of TFX injections. 

In another study (Kiczka et al., 1983) which included 14 patients with CAH, 
12-16 months of TFX injections resulted in the rise of alanine transaminase levels 
during the first 3 months of immunotherapy (0.5- to 3-fold increase) with normal
ization in some of the cases thereafter. In 30% of the patients, transient pain and 
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discomfort, under the right costal arch, appeared during the first few weeks of TFX 
therapy. No elimination of HBsAg was observed in seven seropositive cases during 
the time of reported evaluation. The histological picture in repeated liver biopsy 
revealed a regression from active hepatitis to persisting in three cases, and to minimal 
in eight, with no changes in two, and progression in one patient. TFX administration 
was connected with general clinical improvement, increased appetite, and return 
of libido in male subjects. 

4.3.3. Patients with Multiple Sclerosis (MS) 

The first clinical trial with TFX in 13 patients with MS was not promising. In 
eight patients, the natural course of the disease remained unchanged, two slowly 
improved, two markedly worsened, and one died (Cendrowski, 1980). However, 
this trial was of short duration (1-14 months), comprised mainly of patients with 
long-lasting disease (one-half of the group from 7 to 23 years) and with advanced 
disability (mean degree 6 in Kurtzke's scale). 

In another study, two out of three patients with MS treated with TFX for 3 to 
7 months, showed clinical improvement with amelioration of paresthesia, pyram
idale syndrome, and sphincter disorders (Hausmanowa-Petrusewicz et al., 1983). 
Parallel observations showing reconstitution of the T-cell-dependent immune com
partment (E-rosettes, PHA and Con A response, Con A-induced suppression func
tion) in MS patients treated with TFX (Dabrowski et al., 1980) encouraged us to 
undertake a new trial in a selected group of these patients. Mainly patients with 
definite MS, but in early disease stage, with relapsing-remitting fonn and with 
potentially reversibel neurological and immunological disturbances, were chosen. 
We decided to combine TFX administration with nitrogen mustard (cyclophospha
mide metabolite) alternating therapy, using low noncytotoxic doses of the drug. 
The results of this combined immunomodulatory treatment, which will be continued 
irrespective of the actual phase of the disease, even during remission (in an attempt 
to prevent or delay relapse), will be evaluated after at least 2 to 3 years. Similar 
therapy approach using nitrogen mustard and levarnisole was found to be beneficial 
in about 80% of 50 MS patients with mainly relapsing-remitting course observed 
for 2 to 3 years (Aleksandrowicz et al., 1981; Skotnicki et al., 1983). 

Interestingly, Gorski et al. (1983) recently showed that TFX could exert im
munosuppressive effects in patients with B-cell-system hyperactivity. Moreover, 
they observed that TFX increased the sensitivity of immunoglobulin-synthesizing 
B cells to an inhibitory effect of cyclophosphamide. The rationale for our therapy 
approach was also supported by Nagai et al. (1982), who reported the intensive 
suppression of experimental allergic encephalomyelitis-the animal model for MS
by blood-derived facteur thymique serique (FTS). 

4.3.4. Patients with Recurrent Aphthous Stomatitis (RAS) 

An open trial was perfonned in five patients suffering from RAS for 2 to 8 
years. The pathogenesis of the disease-characterized by periodic, recurrent, oral 
ulcerations-seems to be related to different abnonnalities of immune reactivity 
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with local immune complex fonnation (Gorska, 1980; Lehner, 1977). As no drug 
is known to be effective in preventing recurrences of RAS, the immunoregulatory 
treatment with TFX was initiated. TFX was applicated twice weekly for 1 to 2 
years. This small trial showed an overall beneficial effect of TFX in four out of 
five patients, expressed by decreased frequency and severity of attacks with re
duction of duration and pain of the ulcerative lesions in two patients, and the 
complete disappearance of disease episodes in two others. In the latter patients, 
however, the discontinuation of TFX administration was followed after 7 and 12 
months, by the return of the pretreatment picture of the disease (Skotnicki, unpub
lished). 

4.4.1. Patients with Hodgkin's Disease 

In 10 patients with advanced disease (stage III and IV), TFX administration 
resulted in an increased lymphocyte count (even in patients with histologicallym
phocyte depletion), increased cellular immunity (skin tests, E-rosettes, PHA re
sponse), and improvement of hematological tolerance in patients simultaneously 
receiving cytostatic drugs or radiotherapy (Marjanska-Radziszewska et al., 1975). 
Hodgkin's disease, as a syndrome of "hypolymphocytic hypothymism" (Svet-Mol
darsky, 1966), is in our opinion one of the most promising pathological situations 
as a candidate for thymotherapy, applied together with or after conventional treat
ment. 

4.4.2. Patients with Chronic lymphocytic leukemia (Cll) 

In 14 out of 20 untreated patients with early CLL, TFX caused a decrease of 
total lymphocyte count with a simultaneous increase of E-rosette-fonning cells, 
lymphocytes with high lysosomal acid phosphatase activity, immunoglobulin levels, 
increase in reticulocyte and hemoglobin levels, and nonnalization of tuberculin skin 
sensitivity in previously anergic subjects (Aleksandrowicz and Skotnicki, 1976; 
Wazewska-Czyzewska et al., 1976). The drop of total lymphocytosis in CLL pa
tients after TFX treatment could be related to an enhancement of T-cell suppressor 
function with subsequent inhibition of pathological B-like cell proliferation in this 
disorder. 

4.4.3. Patients with Primary lung Cancer 

The randomized prospective open trial (Zeromski et al., 1976; Slowik-Ga
bryelska and Krzysko, 1980) included 135 patients with primary lung cancer. 
Histologically, the above population contained 96 cases with undifferentiated cell 
carcinoma, 37 with squamous cell carcinoma, and 2 with adenocarcinoma. Out of 
the total population, 53 patients were chosen randomly for the TFX study, and the 
remaining 82 served as controls. 

Twelve patients from the TFX group with advanced bronchogenic cancer were 
excluded from conventional treatment because of the disseminated disease process, 
or the coexisting disease. TFX was administered twice weekly for 10 weeks. This 
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TABLE III. Effect of TFX on the Clinical Course of Patients with Primary Lung 
Cancers 

No. Inhibition Progression 
of treated Total Partial of neoplastic of neoplastic 
patients Therapy remissionb remission process process 

54 60(:0 0% 24% 39% 37% 
14 60(:0 + TFX 100-300 14% 7% 46% 36% 

mgC 

27 6OCO + TFX 550 mgd 22% 37% 33% 7% 

• From Zeromski el al. (1976). 
• Based on X-ray examination. 
'Patients accepted for radiotherapy ("'Co) received simultaneously s.c. TFX injections: 7 patients-5 mg daily for 20 

days (total dose = 100 mg); 7 patients-IO mg daily for 30 days (total dose = 300 mg). 
d Patients received radiotherapy + TFX (IO mg daily) for 30 days and 10 mg every 7 days for 5 months thereafter 

(total dose = 550 mg). 

immunotherapy resulted in subjective and objective clinical improvement in 10 out 
of 12 patients, correlated with the inhibition of local growth and metastatic spreading 
to mediastinal lymph nodes or other organs. In three patients, partial regression of 
tumor mass was observed. The 6-month survival time in this group was 42%, 
comparing to 7% in the control group (N = 28). 

The remaining patients from the TFX group (N = 41) with less advanced 
bronchogenic cancer were admitted to cobalt therapy. The association of 6OCO with 
TFX (10 mg daily for 30 days and thereafter every 7 days for 5 months) favorably 
influenced the remission rate and survival time compared to the control group 
subjected to radiotherapy alone (Tables III and IV). 

Interestingly, the patients who received TFX (total dose 300 mg) during ra
diotherapy showed enhancement of the delayed hypersensitivity reaction (DHR) to 
PPD in 39% (including two patients with total positive conversion) compared to 
12% (6/48) in the control group. This reinforcement of cell-mediated immunity 
was correlated with the mean survival time which increased from 13.2 months to 

TABLE IV. Effect of TFX on the Survival Time of Patients with Primary 
Lung Cancers 

No. of 
Survival time 

treated patients Therapy > 6 months :> 12 months 

28 Symptomatic treatment' 7% 
12 Symptomatic treatment + TFXb 42% 
54 60(:0 31% 7% 
14 60(:0 + TFX 100-300 mgC 42% 21% 
27 6OCO + TFX 550 mg" 96% 51% 

• From Zeromski el al. (1976). 
• Patients were disqualified for radiotherapy due to the disseminated disease process. 
'Patients accepted for radiotherapy ("'Co) received simultaneously s.c. TFX injections: 7 patients-5 mg daily for 20 

days (total dose = 100 mg); 7 patients-IO mg daily for 30 days (total dose = 300 mg). 
d Patients received radiotherapy + TFX (IO mg daily) for 30 days and 10 mg every 7 days for 5 months thereafter 

(total dose = 550 mg). 
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18.4 months in 60(:0 plus TFX groups in patients who showed improvement in 
DHR. Similar data for the control 6OCO group were 7.2 and 8.8 months, respectively 
(Krzysko and Slowik-Gabryelska, 1981). 

4.4.4. Patients with Colorectal Cancer 

In 50 patients with inoperable diseases, repeated TFX injections caused an 
increase in granulocyte and lymphocyte counts with enhancement of cell-mediated 
immunity and clinical improvement (Turowski et ai., 1975, 1976). In 12 cases 
subjected to TFX immunotherapy, the evaluation of histological changes within the 
tumor tissue has been completed. These changes included inflammatory, granulom
atous, and fibroblastic reactions with focal calcification and tumor necrosis (Urban 
et ai., 1977). Similar microscopic changes within the stromal tissue at the margin 
of the neoplastic growth are seen in cases of spontaneous tumor regression (Slausen 
et ai., 1975) and are considered as the expression of the natural host response to 
the invasion of neoplastic tissue. Thus, it is possible that the evident prolongation 
of survival time of the observed patients was due to the mobilization of TFX of 
local tissue defense reactions against tumor growth. 

5. CONCLUDING REMARKS 

Our clinical experience with TFX has showed that this preparation causes an 
increase of general and local immune responses, expressed by more rapid elimination 
of infectious agents (viral, bacterial, mycotic) and by clearing of organ pathology 
(e.g., improved liver function in cases of chronic hepatitis, or functional amelio
ration of peripheral nervous system in cases with polyneuropathies) (Table V). 

Second, TFX suppresses autoimmune phenomena with improvement of target 
organ function (e.g., decreased symptoms and signs in patients with rheumatoid 
arthritis) . 

Third, TFX counteracts the myelo- and immunosuppressive properties of cy
tostatic agents by a stimulating influence on hemo- and lymphopoietic restoration 
after iatrogenic damage. 

Finally, TFX regulates humoral immune response by increasing immunoglob
ulin levels in patients with primary or secondary hypogammaglobulinemia and by 
inhibiting immunoglobulin production in cases of hypergammaglobulinemia. 

Thus, substitution of thymic function could create an effective obstacle against 
the development of symptomatically different, but pathogenetically similar human 
diseases. Taking into consideration the lack of side effects of this organ preparation, 
its relatively low price and facility even in self-application, TFX can be used both 
in immune prophylaxis as well as in immune intervention. As in every substitution 
therapy, TFX should be used constantly in repeated therapeutic cycles, especially 
in patients with genetically related chronic immune-mediated diseases. 

However, further studies are still necessary to estimate the best immune mon
itoring system, indications, the optimal therapy protocol, and the mechanism of 
immunorestoration induced by TFX. 
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Role of Thymostimulin (TP-1) as 
an Immunomodulator in 
Hodgkin's Disease 

STEPHEN DAVIS, PIETRO RAM BOTII , and 
FAUSTO GRIGNANI 

1. INTRODUCTION 

With the advent of effective chemotherapy and the introduction of megavoltage 
radiotherapy techniques, the relapse-free survival (RFS) in previously untreated 
Hodgkin's disease has been radically prolonged (Faguet and Davis, 1982). It would 
appear that the prolonged RFS is, to various degrees, dependent on age, histological 
SUbtype, presence of constitutional symptoms, and extent of disease at presentation 
(Young et al., 1972). 

The cellular immune defects in Hodgkin's disease have been recognized since 
1902 (Reed, 1902). However, studies correlating immunocompetence in untreated 
Hodgkin's disease patients with prognosis have failed to demonstrate any prognostic 
value to pretreatment in vitro or in vivo immunological parameters (Young et al., 
1972). More recently, however, Bjorkholm et al. (1976) and Faguet and Davis 
(1982) suggested that pretreatment immunocompetence correlates positively with 
survival. 

With an assumption that further improvements in survival and cure rates may 
not be obtainable with more aggressive staging or treatment but with immuno
modulation of the patient prior to therapy, we undertook a systematic study of the 
in vivo effects of the bovine thymic extract thymostimulin (TP-l) on various in 
vivo and in vitro parameters ofT-cell activity and T-cell-dependent specific immune 
system in untreated patients with Hodgkin's disease (Falchetti et al., 1977). 

STEPHEN DAVIS, PIETRO RAMBOTII, and FAUSTO GRIGNANI • Istituto di Clinica Medica, 
Universita di Perugia, Italy. 
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2. RESULTS 

Lymphocyte counts in patients prior to TP-I therapy were similar to those of 
controls, and the mean percentage of E-rosetting lymphocytes in patients was re
duced (47% vs. 59.7%, p < 0.(01) (Table I). Following TP-I therapy, totallym
phocyte counts remained stable. The II Hodgkin's disease patients with depressed 
initial E-rosette levels (less than 50%) displayed as a group an increase in E-rosette
forming cells (36.8% to 51.9%; P < 0.(05). TP-I treatment brought E-rosette 
values to normal in seven and was without effect in four. TP-I therapy did not 
result in significant change in the E-rosetting capacity in those patients whose initial 
E-rosette level was greater than 50% nor in the controls. 

Lymphocyte PHA stimulation was depressed in patients compared to controls 
prior to TP-I administration at all PHA doses tested (p < 0.001) (Table II). TP-I 
administration induced an increase in PHA response in these 15 patients who had 
initially depressed SIs « 50) (p < 0.005 at the two higher PHA concentrations 
and < 0.02 at the lowest). These 15 cases included 10 patients with depressed E
rosette levels plus five patients with normal E-rosetting cells. Most patients dem
onstrated an increased SI following TP-I treatment and six reached control SI levels. 
TP-I did not alter the patient's capacity to respond to mitogen when the initial SI 
was greater than 50. The slope of the regression line between dose of PHA SIs 
demonstrated that the effect of TP-I on mitogen response is greater at the lower 
mitogen concentrations (1.9 and 5.0 Ilg/ml). 

Serum leukocyte migration inhibitory activity (serum LIF) of patients before 
and after TP-l treatment was evaluated. Before treatment, only one patient had a 
positive LIF test, the others showing no inhibitory activity. The mean LIF activity 
prior to treatment was 1.03 ± 0.23. Following TP-I administration, mean LIF 
activity was 0.75 ± 0.17 (p < 0.005); nine patients displayed a positive LIF test. 

The results of TP-I administration upon skin test reactivity to recall antigens 
in patients and controls are shown in Table III. Skin tests were positive in 10 
patients (52.6%) before treatment and in 18 after treatment (94.7%; p < 0.05). 

The statistical evaluation of changes induced by TP-I administration on patients 
grouped according to lymphocyte count, clinical stage, or histology showed that 
E-rosette values, mitogen response, and skin test reactivity tended to preferentially 
increase in the low lymphocyte count rather than the high lymphocyte group. When 
patients were grouped according to clinical stage or histology, a clear effect of TP
I is apparent in all subgroupings. 

Serum platelet aggregation titers of patients before and after TP-I administra-

TABLE I. Effect of TP-1 Administration on E-Rosette-Forming 
Cells 

Lymphocytes/ml 
% E-rosettes, pretreatment 
% E-rosettes, posttreatment 

Nonnal controls 

2208 ± 700 
58 ± 9 
58.9 ± 9 

Patients 

2068 ± 900 
47 ± 14 
56 ± 12 
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TABLE II. Effect of TP-1 Administration on PHA Responses 

PHA stimulation index 

Before TP-I After TP-I 

60 j.Lg/ml 15j.Lg/ml 2j.Lg/ml 60 j.Lg/ml 15j.Lg/ml 2j.Lg/ml 

Patients 48.3 ± 21 42.2 ± 19 34.5 ± 22 66.4 ± 26 59 ± 27 51 ± 27 
Controls 76.9 ± 15 86.2 ± 18 71 ± 16 77.2 ± 17 85.7 ± 16 70 ± 15 

tion were performed. The titers in normal controls never exceeded 1 : 8, whereas 
titers were positive (::3 1 : 16) in 12 of 32 patients before TP-l treatment. Following 
TP-I therapy, only 3 of 32 patients remained elevated (p < 0.01). Using the ClqB
ELISA test, normal controls had a CIC level of 16.35 ± 4.1 fLg/ml. Before TP-l 
therapy, eight Hodgkin's patients had increased CIC levels (::3 24.5 fLg/ml) with a 
mean value in this group of 42.33 ± 17.8. After TP-l treatment, the levels re
mained raised in only three. The mean CIC level for all 32 patients was 20.13 ± 16.35 
before TP-I treatment and 14.9 ± 12.7 fLg/ml after TP-l (p < 0.05). CIC ele
vations by either assay were not correlated to histology or clinical staging of the 
patient. 

The mean serum lysozyme in normal controls was 8.3 ± 1.4 fLg/ml. Before 
TP-I therapy, 11 Hodgkin's patients had elevated lysozyme levels (> 11.1 fLg/ml) 
with the mean for the 32 patients being 10.7 ± 7.1 fLg/ml. None of the patients 
or controls had renal insufficiency or peripheral monocytosis. 

When patients were grouped according to elevated or normal CIC as evaluated 
by either test, a clear-cut polarity was evident (Table IV). The mean serum lysozyme 
level was increased with respect to the controls only in a group of 19 Hodgkin's 

TABLE III. Effect of Treatment with TP-1 on Skin Test 
Reactivity of 19 Patients with Untreated Hodgkin's Disease and 

10 Control Subjects 

No. positive/No. tested 

Before TP-I After TP-I 
treatment treatment 

Patients (N = 19) 
Tuberculin (5 U) 5/19 (26%) 6/19 (31.5%) 
Candida (I : 10) 2/19 (10.5%) 4/19 (21%) 
Streptokinase (40 U) 8/19 (42%) 17/19 (89%)** 

Totala 10119 (52.6%) 18/19 (94.7%)* 
Controls (N = 10) 

Tuberculin (5 U) 2/10 (20%) 2/10 (20%) 
Candida (I : 10) 4/10 (40%) 4/10 (40%) 
Streptokinase (40 U) 9/10 (90%) 9/10 (90%) 

Total 10/10 (100%) 10/10 (100%) 

Q Represents number (percent) of patients with at least one positive skin test. 
"p < 0.01, *p < 0.05 (McNemar's test). 
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TABLE IV. Mean Serum Lysozyme Levels (j.lg/ml) of Patients Grouped According 
to Presence (GIG-Patients) or Absence (GIG-Negative Patients) of Girculating 

Immune Gomplexes (GIG) or Evaluated by Platelet Aggregation and GlqB-ELISA 
Tests before and after TP-1 Treatment 

Before TP-I After TP-I Paired t test 

Whole patient 
10.66 ± 7.09* 13.5 ± 11.73 P < 0.05 

population (N = 32) 
ere-positive patients 

7.32 ± 4.15 10.42 ± 5.2 p < 0.05 
(N = 13) 

ere-negative patients 
12.95 ± 7.85** 15.61 ± 14.4 NS 

(N = 19) 
t testa p < 0.Q2 NS 

a I test: *NS and **p < 0.05 vs. serum lysozyme in 20 normal control subjects. 8.3 ± 1.42 (mean ± S.D.). 

patients where no increases in CICs were detected (p < 0.05), whereas the 13 
patients with elevated CICs had a lower mean lysozyme level than the control 
(p < 0.02). TP-I increased serum lysozyme levels from 10.7 ± 7.1 J.Lg/ml to 
13.5 ± 11.7 J.Lg/ml in Hodgkin's patients as a group (p < 0.05). This was mainly 
accounted for by the group of patients in whom the CICs were initially elevated 
(7.32 to 10.42 J.Lg/ml; p < 0.05). 

3. DISCUSSION 

There is convincing evidence that patients with Hodgkin's disease have ab
normalities in immune function (Young et al., 1972). The pathogenesis of these 
defects remains unclear. While it seems that the percentage of cells positive for the 
T3 antigen is normal in the majority of cases, E-rosetting cells are decreased and 
T-cell function is impaired. The abnormality in immune function may be due to an 
interaction of lymphocyte membrane receptors with various serum factors. These 
serum factors include a low-density lipoprotein, ferritin, antilymphocyte antibodies 
against T cells, and circulating immune complexes (Payne et al., 1976; Siegel et 
al., 1976). Schechtor and Soehnlen (1978) have shown excessive monocyte sup
pressor cell activity against T-cell function. Goodwin et al. (1977) suggest that 
suppressor cells secreting prostaglandins are involved in the impaired T-cell re
sponse. 

Our data confirm previous observations that lymphocytes from patients with 
Hodgkin's disease frequently fail to exhibit normal circulating lymphocytes (Aisen
berg, 1966). We similarly confirm that a variable proportion of Hodgkin's patients 
have elevated CICs and impaired skin test reactivity; however, there are no previous 
reports on impaired LIF release. 

Following in vitro incubation with TP-l, rosetting capacity reached control 
levels. TP-l also induces and increases in lymphocyte PHA blastogenic response. 
Unlike the E-rosette response, the PHA responses after TP-l incubation did not 
reach control values in most cases. It is noteworthy that increases of E-rosetting 
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cells of PHA responsiveness were more pronounced in patients with more depressed 
initial values, supporting the hypothesis that TP-l reconstitutes rather than stimulates 
immune functions. Improvement in T-cell function was also greatest in those patients 
with a low lymphocyte count. 

The in vivo administration of TP-I similarly induced an increase in E-rosette
forming cells and PHA reactivity. In addition, LIF positively occurred in nine 
patients who prior to treatment had no detectable LIF activity. It appears that TP-
1 has a broad effect on T-cell-mediated immunological parameters. 

A 3-week course of TP-l significantly reduced the CIC-like material in our 
patients. There were a greater number of reductions using the platelet aggregation 
test than with the ClqB-ELISA test, suggesting that TP-l exerts a greater effect on 
non-complement-fixing complexes. Data on serum lysozyme levels obtained before 
and after TP-l treatment offer some insight as to the significance of elevated CICs. 
High CIC levels tended to be associated with low-normal lysozyme values, whereas 
high lysozyme levels were associated with CIC levels that were not elevated. TP-
1 seemed to convert a high-CIC low-normal-lysozyme state to a high-lysozyme 
normal-CIC state. As serum lysozyme has been correlated with monocyte function 
and/or mass, our data suggest that patients with elevated CICs in Hodgkin's disease 
have insufficient monocyte and/or neutrophil capacity to clear CICs. TP-l may 
increased the T-cell interaction with nonspecific defense mechanism and thus reduce 
CICs. 

Untreated patients with Hodgkin's disease clearly have defects in cellular 
immunity. Regardless of the pathogenesis of these defects, there appears to be a 
clear relationship between T-cell function and survival (Faguet and Davis, 1982). 
That immuological parameters remain abnormal in long-term "disease-free" sur
vivors may connote an inherent prediagnosis characteristic of the Hodgkin's patient 
(Ficher et al., 1980). Our data suggest that T-Iymphocyte function and nonspecific 
immune mechanisms can be restored in a popUlation of Hodgkin's disease patients 
prior to therapy. A controlled study will be needed to see if immunomodulation 
alters survival, infectious complications, or the incidence of second malignancies. 
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Thymosin Fraction 5 Treatment of 
Patients with Cellular 
Immunodeficiency Disorders 

D. W. WARA, M. J. COWAN, and A. J. AMMANN 

1. INTRODUCTION 

Restoration of cellular immunity in children with primary immunodeficiency dis
orders is best achieved by bone marrow transplantation from a histocompatible 
donor. In the absence of such a donor, there is no consistent source of cells or 
factors to reconstitute these patients. Fetal thymus transplantation may result in 
partial restoration of cellular immunity (Ammann et al., 1975). Steele et al. (1972) 
suggested that the fetal thymus produces a factor(s) capable of rapidly reconstituting 
cellular immunity in infants with Di George syndrome following transplantation in 
a cell-impermeable chamber. 

We and others have documented that incubation of peripheral blood lympho
cytes (PBL) from patients with cellular immunodeficiency with thymosin fraction 
5 (TF5) enhances T-cell rosette formation (Wara et al., 1975). We have further 
demonstrated that TF5 incubation increases lymphocyte response to allogeneic cells 
in a subgroup of these patients (Wara et al., 1980). 

Following the demonstration that TF5 incubation with lymphocytes isolated 
from patients with primary immunodeficiency disorders may enhance T-cell rosette 
formation and/or response to allogeneic cells, we initiated a clinical trial of TF5 in 
this patient group. Since 1973 we have treated 34 patients with TF5 and have 
achieved at least I year follow-up in 22 (see Tables I and II). 

Duration of treatment varied form 2 weeks to 7 years. Diagnoses of patients 
treated include severe combined immunodeficiency disease (4), combined immu
nodeficiency disease (6), Di George syndrome (6), ataxia telangiectasia (4), chronic 
mucocutaneous candidiasis (4), Wiskott-Aldrich syndrome (3), histiocytosis X (I), 
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hyper-IgE syndrome (4), acquired hypogammaglobulinemia (1), and acquired im
munodeficiency syndrome (1). 

2. METHODS 

2.1. Patient Evaluation and Selection for Treatment 

Patients were evaluated in the Pediatric Immunology/Rheumatology clinic at 
the University of California, San Francisco, between 1973 and 1982. At the time 
of initial evaluation, age ranged from 2 weeks to 43 years. Patients with evidence 
of significant malnutrition or active infection were vigorously treated and reevaluated 
following therapy. 

Evaluation of cellular immune function before therapy with TF5 included total 
lymphocyte count, determination of percent T-cell rosettes, response of isolated 
PBL to allogeneic cells (MLR) and to phytohemagglutinin (PHA). Assessment of 
antibody-mediated immunity included quantitative immunoglobulin levels, and an
tibody response to pneumococcal polysaccharide and to keyhole limpet hemocyanin 
if patients were older than 2 years. Methods have previously been described in 
detail (Ammann et ai., 1973). In addition, enhancement of T-cell rosette formation 
(Wara et ai., 1975) and of lymphocyte response to allogeneic cells (Wara et ai., 
1980) following incubation of isolated PBL with TF5 were determined. TF5 was 
obtained from Hoffmann-La Roche Inc. and was added to cell suspensions in 
concentrations varying from 50 to 500 I-Lg!ml. 

Patients were accepted for treatment with TF5 if cellular immunodeficiency 
was documented by decreased T-cell rosette formation (less than 30%) and decreased 
lymphocyte response to PHA and/or in MLR (less than 30% normal). However, 
patients with Di George syndrome diagnosed by standard criteria were accepted for 
treatment with low T-cell numbers but normal T-cell function. In addition, enhanced 
T-cell rosette formation (50%) and/or lymphocyte response to allogeneic cells (100%) 
with TF5 incubation was required. Patients whose lymphocytes did not respond to 
TF5 incubation in vitro were excluded from the study. 

2.2. Thymosin Treatment Protocol 

An initial test dose of 1 mg TF5 was given i.d. If no immediate hypersensitivity 
was observed, a regimen of daily s.c. injections (2-6 mglkg) was begun for 14 
consecutive days. Thereafter, TF5 was administered once weekly in a dose varying 
between 2 and 6 mglkg and dependent upon patient response. 

Each patient's antibody and cellular immunity were reevaluated at the com
pletion of the 2-week induction period and at 3-month intervals thereafter until 
completion of therapy. Follow-up evaluations included total lymphocyte count, T
cell rosette formation, lymphocyte response to PHA and to allogeneic cells, and 
quantitative immunoglobulins. Drug toxicity studies, including evaluation of renal, 
liver, and hematopoietic function, were carried out at the same time intervals. 
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Therapy was tenninated at 6 months if neither clinical nor laboratory improve
ment was observed. If an adverse reaction or clinical deterioration occurred, therapy 
was terminated earlier. Therapy was discontinued approximately 2 months following 
normalization of cellular immunity in patients with Di George syndrome. 

2.3. Statistical Analysis 

A 9S% confidence limit was calculated for normal adult control lymphocyte 
responsivity to PHA and to allogeneic cells for each 6-month interval between 1973 
and 1982. Twenty normal control values were included for each time interval. 
Patient results are expressed as the percentage of the 9S% confidence limit for 
normal controls during the matched time interval. 

3. RESULTS 

3.1. Di George Syndrome 

Four of six patients treated with TFS were evaluable for longer than 2 weeks 
following initiation of therapy. Patient No. S expired after 2 weeks of daily therapy 
and a sixth patient expired after 1 week of therapy with congenital heart disease. 
Increased T-cell rosette formation and total T cells/mm3 were found in patients No. 
1 through 4 from O.S to 2 months after initiation of therapy. T-cell function improved 
from 1.S to 3 months after therapy was begun. Unfortunately, patient No.2 expired 
from cardiac disease. Patient No.4 required a fetal thymus transplant for complete 
restoration of cellular immunity. However, patients No.1 and 3 are alive and well, 
with normal immune function, 3 and 5 years after TF5 therapy. No deleterious 
effects were seen with TF5 therapy in this group of patients. 

3.2. Combined Immunodeficiency Disease (CID) 

Three of six patients with eID improved during treatment with TFS. An 
increase in T-cell numbers was seen between 2 weeks and 2 months after initiation 
of treatment while at least one measure of T-cell function (PHA or MLR) improved 
after 5 to 12 months of therapy. Of the remaining three patients, two expired with 
chronic lung disease while a third is alive with pulmonary disease. 

Patient No. I has been reported in detail previously (Wara et al., 1975). While 
receiving TFS, she improVed clinically with weight gain (26 to 421bs) and decreased 
infection and diarrhea. Following a period of recurrent infection, TFS was discon
tinued. A fetal thymus transplant was performed, but improvement in cellular 
immunity was not observed. Although she has received no specific immunotherapy 
for 3 years, she is alive and well at age IS. 

Patient No. 3 had a transient improvement in cellular immunity. Because 
normal T-cell function was not sustained, TFS was discontinued after 6 months. 
An allogeneic bone marrow transplantation, modified by soybean lectin agglutin
ation, was performed. 
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Patients No.2 and 6 experienced significant side effects following injections 
of TF5. Both developed wheezing, in addition to erythema at the injection site. 
TF5 was discontinued, in both patients. The two patients both had polyclonal 
hypergammaglobulinemia and documented capacity to form specific antibody, al
though no antibody to TF5 was found. 

Thus, three of six patients with cm responded to treatment with TF5 by 
increase in T-cell number and/or enhanced function as well as apparent clinical 
improvement. 

3.3. Primary Immunodeficiency-Other 

Four patients with ataxia telangiectasia were treated with TF5 for 4 months to 
7 years. Two of the four expired from lymphoma while receiving TF5. T-cell 
numbers were maintained and T-cell function improved but was not sustained in 
all four. However, patients with this disorder have fluctuating T-cell function without 
immunotherapy. Therefore, the results of treatment with TF5 in this group are 
difficult to interpret. 

Three children with Wiskott-Aldrich syndrome received TF5. All three had 
increased T-cell numbers and enhanced T-cell function while receiving therapy. 
Unfortunately, all were lost to follow-up. 

We did not observe a sustained improvement in T-cell numbers or function in 
any other patient treated with TF5. Although one patient with chronic mucocuta
neous candidiasis had partial clearing of her Candida. this was not associated with 
altered immune function. Four patients with severe CID had neither clinical nor 
laboratory improvement. 

4. DISCUSSION 

The response by patients with primary immunodeficiency disorders to therapy 
with TF5 has been variable. A subgroup of patients with Di George syndrome or 
cm appear to respond to TF5 therapy with enhanced cellular immunity and clinical 
well-being. However, interpretation of clinical status must be cautious because 
patients often received additional treatment such as 'Y-globulin and/or antibiotics 
on a regular basis. 

The results of TF5 treatment in patients with Di George syndrome are en
couraging. However, those who responded most completely had mild defects in 
cellular immunity (Barrett et al .• 1980) and we are unable to exclude spontaneous 
resolution which is known to occur in these patients without immunotherapy. 

Although three patients with cm had significant enhancement of cellular 
immunity while receiving TF5, the improvement was not always sustained (patient 
No.3). In contrast, patient No.1 has received no immunotherapy for 3 years and 
is clinically well. Although this is difficult to explain, it is possible that a component 
of TF5 stimulated her own thymus to produce factors which then maintained her 
immune function. Two patients in this group developed wheezing within 20 min 
after TF5 injections. Thus, significant side effects may occur with TF5 and appear 
to be more common in patients who are capable of antibody production. 
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Patients with other diagnoses of primary immunodeficiency did not appear to 
respond to TF5. However, many did not receive therapy for the time period of 3 
to 6 months which appears necessary for quantitation of improved cellular immunity. 
In addition, treatment was initiated in some patients with active infection, making 
the assessment of clinical improvement difficult. The success of TF5 therapy in 
patients with primary immunodeficiency diseases is most likely related to several 
factors. The most important appears to be the underlying diagnosis. Patients with 
Di George syndrome or CID may respond to TF5 therapy while those with other 
disorders do not. Both patients with Di George syndrome and CID have nonnal 
bone marrow-derived stem cells but abnonnal thymus glands. TF5 may mature the 
stem cells, replacing the function of the thymus. Alternatively, in patients with Di 
George syndrome, TF5 may act directly on the thymus and induce maturation, 
providing rapid and pennanent reconstitution of cellular immunity. 

The dosage of TF5 may be important. Our study did not define either the 
maximum tolerated dose, the optimal dose, or the schedule for efficacy. The duration 
of treatment is an additional variable. Patients treated for less than 3 months, with 
diagnoses other than Di George syndrome, did not have improved cellular immunity. 

Although our clinical study suggests that TF5 therapy may be effective in 
some patients with Di George syndrome or CID, the results are not conclusive. 
However, in the absence of a histocompatible bone marrow donor, a trial of TF5 
in patients with these disorders appears warranted. We propose a multicenter ran
domized trial of TF5 in patients with these two disorders. 

Note added in proof' Patient CID-3 (SLD) expired with disseminated asper
gillosis following a haploincompatible soybean lectin-separated bone marrow trans
plant. 
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Effect of Thymosin on in Vitro 
Immune Function in Patients with 
Rheumatoid Arthritis 

ROBERT P. JACOBS, 
CHRISTINE S. E. RICHARDSON, SUSAN B. RILEY, 
MARION ZATZ, JANELLE HATCHER, 
and ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

The pathogenesis of rheumatoid arthritis (RA) is not known, but an abnormality in 
immunoregulation is thought to play a role. Some of the immunological abnor
malities associated with other autoimmune diseases have been reported to be nor
malized in vitro by exposure of peripheral blood lymphocytes (PBL) to thymosin 
fraction 5 (TF5) (Horowitz et al., 1977; Scheinberg et al., 1979; Lavastida et al., 
1981; Goldstein et al., 1976), thus providing a rationale for the use of this im
munomodulating agent in these disorders. The studies being presented today were 
undertaken to evaluate the effect of TF5 on in vitro immunoregulatory function in 
patients with RA and establish the relevance of clinical application of thymosin in 
the treatment of this common disease. 

2. MATERIALS AND METHODS 

Selection of Patients and Normal Controls. Two groups of patients with def
inite or classical RA (Ropes et al., 1958) and age- and sex-matched normal controls 
were studied (Table I). Group I RA patients were selected randomly from the 

ROBERT P. JACOBS, CHRISTINE S. E. RICHARDSON. amd SUSAN B. RILEY. Department 
of Medicine, The George Washington University School of Medicine and Health Sciences, Washington, 
D.C. 20037. MARION ZATZ, JANELLE HATCHER, and ALLAN L. GOLD
STEIN. Department of Biochemistry, The George Washington University School of Medicine and 
Health Sciences, Washington, D.C. 20037. 
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TABLE I. Clinical Features of RA Patients 

Group I Group II 

Number 22 14 
Males/females 0122 3/11 
Mean age (years) 43.8 56.1 

(age range) (24-83) (35-66) 
Number on antirheumatics 20 0 
Number seropositive 15 11 

Rheumatology clinics at The George Washington University Medical Center where 
they were being treated with conventional anti-inflammatory and antirheumatic drug 
therapy. Group II RA patients included participants in a double-blind, placebo
controlled trial of TF5. Patients in the second group were studied a minimum of 3 
months following discontinuation of antirheumatic drug therapy and prior to entry 
in the thymosin trial. 

Thymosin. All thymosin incubations were perfonned with calfTF5, Lot Cl00496, 
provided by Hoffmann-La Roche Inc., Nutley, New Jersey. The thymosin was of 
clinical grade and endotoxin free. 

Isolation of PBL. PBL from nonnal and patient volunteers were separated 
from heparinized blood on Lymphoprep gradients (Accurate Chemical and Scientific 
Co, Hicksville, N.Y.). The PBL were washed twice in HBSS and once with Hepes
buffered RPMI 1640 (HRPMI) (GIBCO, Grand Island, N.Y.), then resuspended 
in HRPMI. 

T-Cell Subsets. PBL were adjusted to 5 X 106/ml, dispensed as 2oo-f.L1 ali
quots into 12 x 75-mm tubes, and incubated with 50 f.LI OKT3, OKT4, OKT8, 
or M02 (Orthoclone, Ortho Pharmaceuticals) antibody or medium. The tubes were 
incubated for 30 min at 4°C and then washed twice in PBS buffer. The cells were 
then exposed to aggregate-free, fluorescein-labeled goat anti-mouse immunoglob
ulin, incubated for an additional 30 min at 4°C, washed twice, and resuspended in 
1 ml filtered Isoton for quantitative analysis on a fluorescence-activated cell sorter 
by flow microfluorometry. 

E-Rosette-Forming Cell Assay. PBL were adjusted to 5 x lQ6/ml and dis
pensed as loo-f.L1 aliquots into triplicate round-bottom tubes. Medium or TF5 (100 
f.Lglml) was added as loo-f.L1 aliquots and the tubes incubated for 10 min at 37°C 
in 5% CO2/air. Sheep erythrocytes (SRBC) at 80 x 106/ml were added as 2oo-f.L1 
aliquots. The tubes were centrifuged at 180g for 5 min at 4°C and then incubated 
overnight at 4°C. Two hundred mononuclear cells per tube were counted in a 
standard hemocytometer chamber, cells binding ~ 3 SRBC considered rosettes. 

Active E-RFC were prepared by incubating the initial PBL-SRBC mixture for 
5 min at 37°C, centrifuging at 180g for 5 min at room temperature, and then 
incubating in a 29°C water bath overnight. 
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Suppressor Cell Assay. The suppressor cell assay was modified from previ
ously published methods (Shou et ai., 1976; Fineman et ai., 1979). PBL were 
adjusted to 5 x 106/ml, dispensed as 2-ml aliquots in 15-ml round-bottom tissue 
culture tubes, and incubated for 48 hr in the presence or absence of Con A at 20 
,..d/m!. Replicate tubes were set up in the presence or absence of TF5 at 100 f,Lg/ 
m!. At the end of the 48-hr preincubation, the cells were washed twice in HBSS 
containing a-methyl-o-mannoside at 5 mg/ml and once in HRPMI. The washed 
cells were then inactivated with mitomycin C, at 50 mg/ml for 30 min, washed, 
and added as stimulators to fresh normal responder PBL in MLC. Thus, the prein
cubated cells served as both potential suppressors and allogeneic stimulators in this 
assay. An index of suppression was calculated for each of the preincubation groups 
as: 

Percent change = 
cpm (Con A and/or thymosin) - cpm (no Con A or thymosin) 

100 x 
cpm (no Con A or thymosin) 

Thus, induction of suppression resulted in negative indices. 

3. RESULTS 

T-Cell Subsets. The distribution of T-cell subsets detected by monoclonal 
antibodies OKT3, OKT4, and OKT8 was evaluated in PBL from group II RA 
patients and normal controls (Table II). Monocytes were detected with the mono
clonal antibody M02. No differences between RA patients and controls were ob
served with these reagents, although the small sample size must be noted. Prein
cubation of PBL with TF5 did not induce any significant changes in cell subsets 
in either study group (data not shown). 

E-RFC. E-RFC and active E-RFC, expressed as a percent of total PBL, were 
the same in group I and group II RA patients and their corresponding normal controls 
(Table III). Furthermore, the effect of TF5 on these T-cell parameters was the same. 

TABLE II. T-Cell Subsets in PBL from Group 
II RA Patients 

Controls Patients 

OKT3 57.2 ± 1.8" 57.5 ± 3.0 
OKT4 40.6 ± 3.1 42.0 ± 5.0 
OKT8 18.4 ± 1.4 18.5 ± 3.9 
M02 9.7 ± 0.9 9.0 ± 1.9 
T41T8 2.4 ± 0.2 2.7 ± 0.5 

a Results expressed as a percent of total PBL. Differences between 
RA patients and controls are not significant. 
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TABLE III. Effect of Thymosin on E-RFC in PBL from RA Patients 

% E-RFC· 

- thymosin + thymosin - thymosin + thymosin 

Group I 
Controls (II) 
Patients (12) 

Group II 
Controls (28) 
Patients (13) 

62.6b 

55.9 

72.3b 

65.5 

• E·RFC expressed as a percent of total PBL. 

66.8 
58.8 

NO 
72.9 

NO 
NO 

42.6 
44.8 

NO 
NO 

NO 
43.0 

b Differences between RA patients and controls are not significant. 

Suppressor Cell Assay. PBL from group I RA patients, matched normal con
trols, and a large group of unmatched controls were evaluated in the suppressor 
cell assay. Suppression induced by preincubation of PBL from RA patients with 
Con A (Table IV) was significantly greater than that seen in both the matched and 
unmatched control groups (p < 0.05 and p < 0.02, respectively). A comparison 
of Con A-induced suppression in seronegative and seropositive RA patients revealed 
similar responses (-59.4 and -54.0%, respectively). 

Suppression induced by preincubation ofPBL from RA patients with TF5 (Fig. 
1) was significantly greater than that seen with either the matched normal controls 

+100 

+50 

w 
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z 
0( 
J: 
o 
#. 

Ol+----.--------~----~~~--

. • ·50 

.1001...L..--·AL;;L------"""15"'-r-----................. -
CONTROLS PATIENTS 

FIGURE 1. Suppressor cell assay: Thymo
sin-induced suppression in group I RA pa
tients. The percent change in MlC response 
to PBl preincubated in the presence or ab
sence of TF5 at 100 jLg/ml is shown. The 
mean percent change is shown by the short 
horizontal line; the shaded area deSignates 
the standard error of the mean. Points below 
the solid horizontal line at 0% change indi
cate suppressed responses. The difference 
in the mean percent change between RA pa
tients and all controls or matched normal 
controls was significant at p < 0.005 and 
p < 0.05, respectively. 
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TABLE IV. Suppressor Cell Assay: Con A
Induced Suppression in Group I RA Patients 

Unmatched controls (38) 
Matched controls (13) 
Patients (13) 

% ~ ± S.E.M. 

-18.4 ± 9.3a 

- 24.4 ± 18.9b 

-57.5 ± 11.5 

a Difference between RA patients and unmatched controls is 
significant at p < 0.02. 

b Difference between RA patients and matched controls is sig· 
nificant at p < 0.05. 
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or an unmatched panel of normals (p < 0.05 and p < 0.005, respectively). A 
comparison of thymosin-induced suppression in seronegative and seropositive RA 
patients revealed similar responses ( - 34.2 and - 28.3%, respectively). 

When cells from RA patients and controls were preincubated with Con A plus 
TF5, the induced suppression was similar to that seen with Con A alone (Table 
V). These results suggest that thymosin is inducing a proportion of the same sup
pressor cell population that is induced by Con A. 

4. DISCUSSION 

One theory of autoimmunity suggests that a loss of normal immunoregulation 
contributes to the emergence of autoreactivity and the development of disease 
(Reinherz and Schlossman, 1980; Waldmann et ai., 1978). In an attempt to identify 
an immunoregulatory defect in RA patients, there have been multiple studies of T
cell subsets and suppressor cell function. Moutsopoulos et ai. (1976) noted that E
RFC were normal in RA patients, but Espinoza et ai. (1980) reported that a sub
population ofT cells detected by the active E-RFC assay was abnormal, particularly 
in active disease. Our data indicate that both E-RFC and active E-RFC are normal 
in patients with active RA. 

There have been conflicting reports of T-cell subsets measured by monoclonal 
antibodies in PBL of RA patients. Veys et ai. (1981) reported that patients with 
active disease had normal numbers of T cells reacting with OKT3, but a decrease 

TABLE V. Suppressor Cell Assay: Combined Effect of Con 
A and Thymosin in Group I RA Patients 

Thymosin Con A %~ 

Controls (10) + -42.5 
+ -24.2 
+ + -43.0 

Patients (12) + -77.0 
+ -38.3 
+ + -66.0 
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in OKT8-bearing lymphocytes and an increase in the OKT4/0KT8 ratio. Burmester 
et al. (1981), however, could identify no abnormality in the percentage of lym
phocytes bearing OKT4 or OKT8 compared to normal controls. Our preliminary 
data are in agreement with this latter report. 

Studies of suppressor cell function in PBL from RA patients have also been 
conflicting, with reports of increased, normal, and decreased suppressor cell activity 
(Zilko et al., 1980; Doubloug et al., 1981; Abdou et al., 1981; Keystone et al., 
1980; Tosato et al., 1981; Chattopadhyay et al., 1979). Our results show an ab
normality in the generation of suppressor cells in RA patients characterized by an 
excess of suppressor cell activity induced by both Con A and TF5. These data are 
in agreement with the observations of Zilko et al. (1980) who suggested that this 
immunoregulatory defect correlated with disease activity. 

The induction of excess suppressor cell activity by both Con A and TF5 suggests 
that RA patients may have an excess of suppressor cell precursors. These obser
vations are consistent both with the effect of TF5 on the induction of suppressor 
cell activity in SLE patients (Horowitz et al., 1977) and the report that TP-5, a 
synthetic immune modulator, increases the proportion of OKT8 cells in PBL from 
RA patients (Veys et al., 1981). 

It is important to attempt to relate our observations regarding increased sup
pressor cell activity in RA patients to our current understanding of the immuno
pathogenesis of the disease. At first glance, an increase in suppressor cell activity 
in an autoimmune disease seems paradoxical. One would expect a loss of suppressor 
cells associated with the emergence of autoreactivity. Several possible explanations 
can be offered for this seemingly paradoxical observation. First, while an excess 
of inducible or precursor suppressor cell activity may be present in RA, specific 
suppressor activity directed toward relevant antigens might be depressed. There 
have been reports of depressed antigen-specific suppressor cell responses in RA 
patients to ovalbumin (Keystone et al., 1980) and, recently, to Epstein-Barr virus 
(Tosato et al., 1981). Second, an excess of inducible suppressor cells may indicate 
a block in the generation of functionally active suppressor cells in RA patients. 
This is suggested by reports of reduced numbers of OKT8 cells in PBL and synovium 
from RA patients (Veys et al., 1981; Janossy et al., 1981). 

In view of current theories regarding the pathogenesis of autoimmune diseases 
and the results of in vitro studies, we have initiated a double-blind, placebo-con
trolled trial of TF5 in RA. The objectives of this study are to assess the efficacy 
of this immunomodulating agent in the treatment of RA and its effect on in vitro 
immunological function. The present observations may offer an in vitro tool for 
monitoring changes in cellular immunity in patients treated with immunomodulating 
agents, thereby providing information about the relevance of these immunoregu
latory abnormalities to the clinical status of the patient. 
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1. INTRODUCTION 

58 

A number of laboratories have now isolated and purified thymic hormone-like factors 
from animal tissues and blood. These thymic hormones may have the potential to 
mature precursor lymphocytes to adult functioning cells. This effect could be ad
vantageous for cancer patients to reverse the immunosuppressive effects of che
motherapy, radiotherapy, surgery, and of the tumor itself (W. Wara et ai., 1975). 

Thymosin fraction 5 (Hoffman-LaRoche) has been evaluated in two large 
cancer trials to date. Chretien and associates have demonstrated a probable increase 
in survival in small cell carcinoma of the lung in 55 patients when given thymosin 
in addition to standard therapy. Median survival in patients with irradiation for all 
detectable tumor and adjuvant chemotherapy was 240 days for placebo patients 
versus 450 days for thymosin fraction 5-treated patients (Chretien et al., 1978). 
The second trial, conducted at the University of California, San Francisco (UCSF), 
evaluated advanced head and neck and esophageal cancer patients receiving placebo 
or thymosin fraction 5 (60 mg/m2 daily for 2 weeks, then twice a week for 50 
weeks). The results of this trial demonstrated that thymosin could reverse the 
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secondary immunosuppression from radiation therapy and a difference in disease
free survival of 61 % versus 45% favoring the thymosin-treated patients (Wara et 
al., 1981). 

In both trials an arbitrary dose and schedule were selected to treat patients 
based on the experience in pediatric immunodeficient patients (D. Wara et al., 
1975). No dose or schedule modification was attempted and no drug toxicity was 
encountered. Because of these facts a new trial was designed to look at different 
doses of thymosin given to patients with all types of advanced malignant disease 
who had failed conventional treatment. 

2. MATERIALS AND METHODS 

Patients with advanced malignancies who had failed conventional chemother
apy and/or radiation therapy were referred for placement on a phase I trial of 
thymosin fraction 5 at UCSF. Patients had to have a biopsy-proven tumor, no 
possible alternative therapy, and informed consent. 

Immunological evaluation was obtained on all patients prior to thymosin ther
apy~ell-mediated immunity to phytohemagglutinin (PHA), in vitro response to 
irradiated allogeneic cells (MLC) with and without thymosin incubation, and T
cell rosette formation with and without thymosin using methods previously described 
(Wara and Ammann, 1978). At completion of thymosin, all patients had their 
immunological tests repeated. 

The proposed dose escalation schema appears in Table I and was administered 
after a l-mg test dose. 

3. RESULTS 

Seventy-four patients were entered on study, with 63 fully evaluable patients. 
The escalation from 60 mg/m2 to 210 mg/m2 was achieved without difficulty. 
Twenty-three patients with renal cell carcinoma, eight patients with lung carcinoma, 
and eight patients with head and neck carcinoma comprised the largest patient group 

TABLE I. Thymosin Fraction 5 

No. of Dose 
Step patients (mg/m2) Route, days, frequency 

10 60 s.c. qd x 15 
2 3-10 90 s.c. qd x 15 
3 3-10 120 s.c. qd x 15 
4 3-10 150 s.c. qd x 15 
5 3-10 180 s.c. qd x 15 
6 3-10 210 s.c. qd x 15 
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TABLE II. Total T Cells-Thymosin Fraction 5 

Dose 

60-90 mg/m2 120-150 mg/m2 180-210 mg/m2 

Pre Post Pre Post Pre Post 

Mean ± S.D. 878 932 897 975 1100 1010 
(cpm) ±614 ±605 ±668 ±591 ±250 ±486 

NS 

with 35 other patients with various diseases. The toxicity to date was minimal and 
acceptable. Approximately one-third of the patients showed local toxicity consisting 
of erythema at the injection site. There was no major systemic toxicity noted in 
this group of patients. Of interest were the results of the immunological tests for 
these patients. There was no specific test which correlated with immunological 
reconstitution or clinical response. Immunological reconstitution also did not cor
relate with escalating doses as shown in Tables II, III, IV, and V. 

There were 9 renal cell carcinoma patients treated with varying doses of 
thymosin fraction 5 who responded or stabilized out of a total of 23; 3 (13%) have 
shown partial responses (PR) and 6 (26%) have remained stable. Two patients with 
recurrent prostatic carcinoma have also shown PR as well as one patient with 
squamous cell carcinoma of the head and neck. The patients' characteristics, doses 
of thymosin, and duration of response are shown in Table VI. Of interest is that 
two of these patients developed brain metastases while on thymosin with no pro
gression of their systemic disease. They continue on maintenance thymosin and 
still show no progression with stabilization of their brain metastases after irradiation. 

4. DISCUSSION 

The preliminary results of our phase I trial indicate that thymosin fraction 5 
can correct secondary immunodeficiency in vitro and produce clinical responses in 
selected patients. These responses did not correlate with immunological data so we 

TABLE III. PHA Stimulation--Thymosin Fraction 5 

Dose 

60-90 mg/m2 120-150 mg/m2 180-210 mg/m2 

Pre Post Pre Post Pre Post 

Mean ± S.D. 16,000 19,304 23,335 23,472 13,627 18,297 
(cpm) ± 13,248 ± 15,043 ±23,472 ±20,247 ± 15,500 ± 11,917 

NS 
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TABLE IV. Mixed Lymphocyte Culture without Thymosin Fraction 5 

Dose 

60-90 mg/m2 120-150 mg/m2 180-210 mg/m2 

Pre Post Pre Post Pre Post 

Mean ± S.D. 8646 9271 8551 11,571 9104 13,148 
(cpm) ±7268 ±5447 ±7273 ±6631 ±6431 ± 11,785 

NS 

TABLE V. Mixed Lymphocyte Culture with Thymosin Fraction 5 

Dose 

60-90 mg/m2 120-150 mg/m2 180-210 mg/m2 

Pre Post Pre Post Pre Post 

Mean ± S.D. 16,733 22,044 20,826 22,027 16,108 21,283 
(cpm) ± 10,872 ± 19,640 ± 16,376 ± 12,949 ± 12,809 ± 13,614 

NS 

TABLE VI. Thymosin Fraction 5, Phase I Patients, June 1983 

Patient Dose (mg/m2) Diagnosis Time (months) Response 

501F 60 Renal 11 Partial 
64/M 150 Renal 17+ Partial 
67/M 150 Renal 17+ Partial 
47/M 90 Renal 23 Stable 
70/F 150 Renal 17+ Stable 
63/F 120 Renal 11 Stable 
46/F 180 Renal 15+" Stable 
47/M 180 Renal 13 Stable 
46/M 150 Renal 29 Stable 

621M 60 Prostate 12+ Partial 
64/M 150 Prostate 19+ Partial 
491F 210 Tongue 13+" Partial 
6IM 60 Pancreas 13+ Stable 

«Subsequent brain metastases. 
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may be observing an indirect effect on the pituitary-hypothalamic axis in an en
docrine-sensitive tumor from a thymic hormone. As essentially no toxicity has been 
produced to date and a subpopulation of patients has been identified who clinically 
respond, we have now initiated a phase II trial to look at the response of patients 
with metastatic renal cell carcinoma and prostatic carcinoma. If we corroborate our 
initial phase I trial with careful, systematic clinical observations, we will be able 
to pursue a randomized trial with renal carcinoma and prostatic carcinoma. 
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Thymulin, formerly called FrS (facteur thymique serique), is a peptide initially 
prepared from porcine serum but also isolated to purity from human serum and calf 
thymus. 

1. UPDATE OF THYMULIN BIOLOGY 

Thymulin is a nonapeptide (Glu-Ala-Lys-Ser-Gln-Gly-Gly-Ser-Asn). It binds 
zinc with a dissociation constant of 10-7 M (as evaluated by equilibrium chroma
tography) (Dardenne et at., Chapter 2, this volume), and the presence of zinc is 
necessary for its biological activity (Dardenne et at., 1982). More than 40 analogs 
of thymulin have been synthesized and immunologically evaluated (in bioassays 
and receptor assays) permitting the localization of the molecule's activity on the 
seven terminal amino acids (Bach, 1983). Some analogs have been shown to bind 
to the receptor and to inhibit thymulin activity, behaving like antihormones (Pleau 
et at., 1979). 

Thymulin is exclusively produced by the thymic epithelium. Recent studies 
using antithymulin monoclonal antibodies have shown that thymulin is only present 
in thymic epithelial cells (Savino et ai., 1982) and that the number of thymulin
containing cells augments after peripheral depletion of the hormone, either by active 
immunization against the peptide or by injecting an antithymulin monoclonal an
tibody. Conversely, the increase in thymulin-containing cells normally noted in 
cultured thymic epithelial cells is slowed down by the addition of synthetic thymulin. 
These data suggest the existence of a feedback regulation of thymulin secretion, 
thymulin itself being the inhibitory signal. Thymulin circulates in the blood, partly 
bound to a 40,000- to 6O,OOO-dalton carrier molecule. It is subject to the action of 
several inhibitors (Bach, 1983). 
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Thymulin apparently acts exclusively on T cells. It binds to T-cell membrane 
receptors with a high affinity (there are two sites with respective Kd of 10-9 and 
10-7 M), without negative cooperativity (Pleau et al., 1980). Thymulin does not 
clearly stimulate cAMP synthesis but has been shown to enhance. PGE2 production 
by human lymphocytes (Gualde et al., 1982). As far as its biological activity is 
concerned, thymulin has been shown to enhance the function of the various T-cell 
subsets (Table I). This does not mean that the hormone will be efficient in all 
systems considered. It will only be active in adequate recipients (with the putative 
postthymic target cells), when the simultaneous effects of suppressor and helper 

TABLE I. Effects of Thymulin on T-Cell Functions 

Proliferation 
PHA-induced 

Autologous mixed lymphocyte reaction 
(Iupusb) 

Cytotoxicity and delayed hypersensitivity 
Allogenic cytotoxicity 
Anti-TNP cytotoxicity 
Graft-versus-host reaction 
Rejection of MSV -induced sarcoma 

(low dose) 
Stimulation of delayed-type hypersensitivity 

Helper T cells 
Antibody production (SRBC) 
Induction of IgA (and IgE) synthesis 

Production of interleukin-2 

Increase in anti-DNA IgG autoantibodies 
Suppressor T cells 

Retardation of skin allograft rejection 
Depression of antibody production 

SRBC 
PVP 
DNA 

Depression of T-cell mediated cytotoxicity 
Depression of delayed-type hypersensitivity 
Stimulation of Con A-induced suppression 

Other effects 

Mouse: mice Tx· at 3 weeks 
Rat: ATx rats 
Human: immunodeficiencies 

ATx mice 
Normal thymocytesb 

Normal mice 
B mice 

ATx mice 

Aging mice 
Ataxia telangiectasia and variable 

immunodeficiency 
Normal thymocytes and nude mouse spleen 

cells 
Young B/W mice (females) 

Normal mice 

Normal mice 
NZB mice 

Increase of NK cell activity (in vitro and in vivo) in humans and in mice 
Stimulation of colony-forming units (CFU-S) entry into DNA synthesis in Tx mice after thymus-

dependent antigen treatment 
Alteration of the migration capacity of fetal hemopoietic precursor cellsb 

Increased resistance to Salmonella typhimurium 
Enhancement of in vitro LPS-induced polyclonal B-cell responses of CBAlN mice 
Increase in "early" null radiation-induced leukemias in Tx AKR mice 
Decrease in TdT expression in the mouseb 

a Tx = thymectomized. 
b In vitro experiments. 
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(or effector) cells do not counterbalance each other (Bach, 1983). Interestingly, 
thymulin shows a preferential action on suppressor T cells at high doses, particularly 
in normal recipients. At low doses, or in immunodeficient patients, it is more 
difficult to predict which T-cell subset will be preferentially stimulated. 

2. CLINICAL PHARMACOLOGY OF THYMULIN 

Thymulin has a short half-life. When injected into mice i.v. or i.p. without 
coupling to a carrier protein or zinc, it is only detectable in serum for a few minutes. 
This short half-life may be augmented in several ways. Coupling to zinc is the 
simplest and most readily accessible method (Bach, 1983). In addition to increasing 
thymulin half-life, it enhances its activity. In fact, in the absence of zinc the peptide 
is biologically totally inactive, as may be the case in uncontrolled synthetic prep
arations. There is usually some zinc in synthetic thymulin (due to the metal's 
presence in synthesis reagents) but optimal zinc coupling needs calibrated addition 
of the metal (at best after previous chelation of the peptide, in zinc/peptide ratio 
of 1). Another method consists of preincubating the peptide with serum proteins 
(which contain carrier proteins). Lastly, one may use long-lived analogs, such as 
those obtained by substituting homoarginine to lysine (third residue). The two former 
techniques have been tested in man successfully. Interestingly, thymulin penetrates 
the central nervous system as is demonstrated by the appearance of rosette-dosable 
activity in the cerebrospinal fluid of multiple sclerosis patients injected s.c. with 
the hormone. 

Thymulin circulates in the blood partly bound to carrier protein(s) (Dardenne 
and Bach, 1977). This carrier protein has been identified in mouse serum as a 
molecule with molecular weight close to 50,000, which is similar to that of preal
bumin, a molecule known to be a carrier of several substances and shown to be 
active in the rosette assay used for thymulin characterization (Burton et al., 1978). 
Thre is no direct proof, however, that prealbumin is indeed the thymulin carrier 
molecule. 

Thymulin is not toxic in short- or long-term treatments even when used at high 
doses (up to 1 mg/kg) in mice, which are doses much higher than those utilized in 
man (between 2 and 15 ""glkg). Thymulin is immunogenic when coupled to a carrier 
protein (e.g., bovine serum albumin) but has not been shown to induce antibody 
production when used alone chronically in man. No sign of anaphylaxis has ever 
been noted in short- or long-term treatment. 

Thymulin interaction with other drugs has not been studied thoroughly. Note, 
however, that indomethacin inhibits thymulin effects in the rosette assay (Bach, 
1974), a finding in keeping with the demonstration of induction of prostaglandin 
synthesis by thymulin in human lymphocytes (Gualde et al., 1982). It is not known 
whether this interaction is clinically relevant [e.g., rheumatoid arthritis (RA) pa
tients, receiving nonsteroidal anti-inflammatory agents]. Preliminary data (to be 
discussed further) indicate that it might not be the case. 

The selection of thymulin dosage is a matter of great difficulty. One may be 
guided by the follow-up of serum levels (as assessed by the rosette assay) or by 
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the animal data. The latter indicate that in immunodeficient animals, doses of 0.1 
ng/mouse to 10 ng/g, i.e., 1-10 J.Lg/kg, can restore deficient cell-mediated immunity 
or stimulate helper T-cell function (Bach, 1983). In nonnal mice, there is little 
effect on helper or effector cells whatsoever. Conversely, one may stimulate sup
pressor T cells at high doses (1-10 J.Lg/mouse, i.e., 10 mg/kg). The differential 
effect of variable doses of thymulin has also been observed on the rejection of 
MSV-induced sarcomas: low doses (0.1 J.Lg/mouse) stimulating sarcoma rejection, 
higher doses (1-10 J.Lg/kg) inhibiting (our unpublished results). Based on these 
considerations, we have selected two dose levels: 1-5 J.Lglkg for stimulation of 
helper or effector T cells (e.g., in immunodeficiency or in viral infections) and 
15-20 J.Lg/ml for stimulation of suppressor T cells (e.g., in RA). This approach 
has been justified retrospectively by the good effect of thymulin (at the low-dose 
schedule) in immunodeficient children and the much better effect obtained at the 
high- than at the low-dose protocol in RA. 

3. POTENTIAL CLINICAL INDICATION OF THYMULIN 

The selection of clinical indications of thymic honnones and more precisely 
of thymulin may be based on three sets of arguments (see Table II): 

1. Detennination of serum thymic honnone level (if one aims at a restoration 
of physiological levels). 

2. Existence of T-cell anomalies, whether or not they are due to the thymus, 
or more precisely, thymic honnone deficiency (one may then undertake a 
physiological substitutive treatment or use pharmacological doses, as have 
been shown to work in animals with nonnal production of the honnone). 

3. Results of therapeutic experiments in animal models of immunological 
diseases such as murine lupus and experimental allergic encephalomyelitis. 

The evaluation of circulating thymulin levels has provided interesting results 
(reviewed by Dardenne, 1983). Thymulin serum level is depressed in a number of 
pathological conditions which can be, for most of them, classified in immunode
ficiency syndromes or autoimmune diseases. Among the fonner, thymulin serum 
level is low in Di George syndrome, most cases of ataxia telangiectasia, common 
variable immunodeficiency with T-cell defect, zinc deficiency, Down's and Cock
ayne's syndromes, and some cases of severe combined immunodeficiency. It is 
also depressed (or nil) in aging animals and humans (after 30 years of age). As far 
as autoimmune diseases are concerned, thymulin serum level declines prematurely 
with age in systemic lupus (mice and humans) (Bach et al., 1973, 1978) and 
autoimmune diabetes (Dardenne et al., 1983). It has been verified in NZB and 
MRLll mice that this decline is indeed due to a diminution of thymulin synthesis 
by the thymic epithelium (as assessed by immunofluorescence on thymic sections 
using antithymulin monoclonal antibodies) rather than to a peripheral destruction 
by circulating antithymulin autoantibodies. Interestingly, thymulin levels are not 
depressed (and even relatively increased) in RA and myasthenia gravis (at least in 
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TABLE II. Potential Clinical Indications of Thymulin 

T-cell 
anomaly 
(potential Potential benefit 

Low benefit of of T-cell Experimental 
thymulin T-cell phannacological data in animal 

Disease level restoration) stimulation models 

Immunodeficiency (ID) 
Di George syndrome + + + 
Common variable ID with + + 

T-cell defect 
Ataxia telangiectasia + + 
Aging + + 
Drug- or radiation-induced + + 

immunosuppression 
(e.g., bone marrow graft 
recipient) 

Autoimmunity 
SLE + + + + 
Rheumatoid arthritis + + 
MUltiple sclerosis + + 
Autoimmune diabetes + (mice) + + + 

Infections 
Lepromatous leprosy + + 
Chronic bacterial infections + + 
Herpes virus infection + + 
AIDS + + + 

Other diseases 
Atopy ± + 
Tumors NT ± + + 
Organ transplantation + + 
Histiocytosis X + 

older patients) but it is not proven in PR cases if the activity dosed by the rosette 
assay is indeed due to thymulin itself rather than to other factors such as the 
allogeneic factor also active in the rosette assay (Dardenne, 1983). Note also that 
thymulin levels are increased in patients with mycosis fungoides. 

T-cell anomalies have been described in many diseases which are thus potential 
candidates to thymic honnone therapy. One may add to these diseases those without 
obvious primary (or secondary) T-cell defect but in which T-cell pharmacological 
stimulation could be beneficial. With these two concepts in mind, one may draw 
a long list of potential indications as shown in Table II. One may thus assume that 
stimulation of helper or effector T cells could be useful in patients with tumors or 
viral infections and that of suppressor T cells in patients with organ transplant, 
autoimmune disease, or severe atopy. One should realize, however, the fragility 
of the experimental evidence supporting the indication in some of these conditions, 
and in all cases the risk of unexpected aggravation under thymic honnone therapy, 
due to inappropriate stimulation of aT-cell subset whose function is detrimental to 
the course of the disease (as will now be discussed in B/W mice). 
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Experimental models of immunopathology can be used with benefit to evaluate 
the potential clinical indications of thymic honnones. NZB and (NZB x NZW)Fl 
(B/W) mice have been treated with thymulin in several ways. Treatment of young 
female NZW mice from an early age prevents the onset of Sjogren's syndrome and 
reduces the autoimmune hemolytic anemia. Treatment of young female B/W mice 
also prevents Sjogren's syndrome but has no clear effect on anti-DNA antibody 
production and the glomerulonephritis (Bach et at., 1980). It may even have an 
accelerating effect on these manifestations, probably by stimulation of helper T 
cells (overrunning the effect on deficient suppressor T cells perhaps altered by 
autoantibodies). Conversely, in aging male (NZB X NZW)Fl mice, thymulin shows 
a favorable effect with decrease in anti-DNA antibody production and improvement 
of glomerulonephritis (Israel-Biet et at., 1983). One should lastly mention here the 
report by Nagai et at. (1982) that thymulin prevents the development of experimental 
allergic encephalomyelitis in guinea pigs. Animal models also provide useful in
fonnation in more conventional models of immunodeficiencies (mimicking the 
human immunodeficiency syndromes), organ transplantation, and atopy (Table II). 

4. FIRST CLINICAL TRIALS OF THYMULIN 

Thymulin has now been administered to more than 60 patients with immu
nodeficiency or immunological abnonnalities. The most striking results were ob
tained in primary immunodeficiency syndromes of children (Bordigoni et at., 1982; 
Griscelli, unpublished data; Faure et al., 1983). In three cases of Di George syn
drome, one noted a definite restoration of T-cell number and functions. Three 
patients with SCID received synthetic thymulin for several weeks at 2-5 j.Lg/kg. In 
one case, thymulin induced reversible GVH reaction, probably secondary to the 
activation of the mother's cells persisting in the infant. In the two other cases, 
where B cells were present in excessive number, thymulin induced a nonnalization 
of B-cell level with corresponding increase in T-cell number and functions. IgA 
production, which was deficient in one of these children, increased. Most striking 
results have been obtained in ataxia telangiectasia. In four consecutive cases, Bor
digoni et at. (1982) and Faure et at. (1983) showed altogether clinical improvement 
(cessation of infections), correction of T-cell defects (markers and functions), and 
unexpectedly rapid and major positive effects on IgA production which appeared 
in three cases. Interestingly, the effect depended on continuation of thymulin ther
apy. Thymulin was also used successfully in a case of common variable hypogam
maglobulinemia for a 27-month period, with correction of T-cell defects, improve
ment in IgG and IgA production, and favorable clinical efficacy. 

Preliminary clinical trials have also been initiated in RA and herpes virus 
infections. Treatment of eight chronic RA patients with 1 mg thymulin has been 
associated with clear improvement of the clinical signs (particularly those directly 
related to inflammation), but this result needs confinnation in a randomized double
blind study (Amor et at., 1984). Similarly, data to be confinned suggest that 
thymulin may very significantly improve the early phases of RA, where clear 
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amelioration of clinical and immunological manifestations was noted (Faure, per
sonal communication). As far as herpes virus infections are concerned, more limited 
data are available but two cases of disease cure (one case of generalized herpes, 
and one case of recurrent herpes) are promising, for complete cure of the herpes 
infection was obtained in a sustained fashion. 

In conclusion, although bearing on a limited number of patients, these prelim
inary clinical trials are most encouraging. The synthetic peptide is available in large 
amounts and can be used at low doses (at least when stimulation of helper T cells 
is attempted). It is nontoxic and has been shown to be efficient in several indications. 
It is too early, however, to foresee the spectrum of its clinical usefulness. 
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JOHN E. McCLURE, GENEVIEVE S. INCEFY, 
and ALLAN L. GOLDSTEIN 

1. INTRODUCTION 

Thymosin !Xl (molecular weight 3108) is one of the many active polypeptides 
isolated from thymosin fraction 5 (TF5) (Low and Goldstein, 1979; Goldstein et 
ai., 1982). !Xl was initially purified from extracts of calf thymus glands. Biologically 
active !Xl has now been successfully synthesized by classical solution (Birr and 
Stollenwerk, 1979; Wang et ai., 1978), solid-phase (Wang et ai., 1980; Folkers, 
et ai., 1980) and recombinant DNA procedures (Wetzel et ai., 1980). 

In immunodeficient animal models, !Xl has been associated with the generation 
of functional helper T cells (Goldstein et ai., 1981). Synthetic !Xl has been the first 
thymosin polypeptide to enter phase I clinical trials in patients with advanced cancer 
(Dillman et ai., 1982). In man, !Xl has proved to be nontoxic when administered 
parenterally at doses up to 9.6 mg/m2 (Dillman et ai., 1982). Preliminary immu-
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nological screening of patients with advanced cancer treated with single Lm. in
jections of Q) suggested that the maximal immunomodulatory dose of Q) is 1.2 mgt 
m2 (Dillman et al., 1983). 

Up until the present time, little attention has focused on defining an optimal 
schedule for administering Q) or other partially purified or purified thymic factors. 
Previous randomized phase II studies of TF5 in cancer patients have utilized either 
a twice a week (BIW) (Cohen et al., 1979) or a loading dose schedule of admin
istration (i.e., daily x 14 days followed by twice weekly maintenance)(Waraet 
al., 1981). However, in these prior studies, the schedules were empirically chosen. 

In the present communication, we report the preliminary results of a randomized 
double-blind phase II trial of synthetic Q) in patients with locally advanced non
small-cell lung cancer. Our study was designed specifically to contrast the phar
macokinetics and immunorestorative effects of Q) administered by either a BIW or 
a loading dose schedule. 

2. MATERIALS AND METHODS 

2.1. Thymosin Q1 

Synthetic Q) was kindly provided by Hoffmann-La Roche Inc., Nutley, New 
Jersey. It was provided in powder form in 2-mg vials and stored at 4°C until use. 
Just prior to use, Q) was reconstituted using 1.4% bicarbonate diluent. 

2.2. Patients 

All patients entered onto the trial had locally advanced, unresectable, but not 
distantly metastatic, non-small-cell lung cancer. At our institution, such patients 
receive primary radiation therapy (RT) as conventional treatment. The post-RT 
patients provided a uniformly immunosuppressed group of subjects with which to 
evaluate the immunorestorative properties of Q) (Schulof et al., 1982). 

To be eligible for study, the following criteria had to be satisfied: (1) a diagnosis 
of non-small-cell lung cancer (large cell, adenocarcinoma, or squamous cell), (2) 
negative metastatic disease work-up, (3) age < 73 years, (4) no active chronic 
diseases, (5) normal hepatic and renal function, (6) no prior or concurrent che
motherapy, (7) off immunosuppressive drugs (e.g., steroids), and (8) the tumor 
had to be stabilized or show evidence of regression during RT (i. e., patients whose 
tumors progressed during RT were excluded). 

2.3. Radiation Therapy 

Megavoltage RT was administered with a linear accelerator over 6-8 weeks 
using a split course technique and 200-rad fractions, 5 days a week. Patients with 
prior surgical reductions received RT only to the mediastinum whereas all others 
received RT to both the primary lesion as well as the mediastinum. 
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2.4. Randomization 

The trial was designed to compare BIW and loading dose schedules of sub
cutaneous (SQ) al administration using the same dose (900 ,.,..glm2). As we could 
not predict the normal recovery pattern, if any, of thymus-dependent immunity 
after RT, we also included a group of patients treated with placebo to provide 
baseline serial immune data for comparison to the a I-treatment groups. 

Thus, in our study, patients were randomized to one of three groups: (1) al 
loading dose, daily x 14 followed by twice weekly maintenace, (2) al twice weekly 
(BIW) , and (3) placebo twice weekly. ai/placebo administration began within a 
week after completion of RT and continued for up to 1 year or until relapse. All 
patients began with 14 daily injections of al or placebo, with placebo substituted 
when appropriate. al administration is not associated with any significant side effects 
(Dillman et ai., 1982), thus enabling the study to be performed with a double-blind 
design. 

2.5. Immune Profiles 

Detailed analyses of peripheral blood T-cell numbers and function were pre
formed prior to RT (if possible), following RT (prior to thymosinJplacebo), at 1 
and 3 weeks after initiation of thymosinJplacebo, then monthly x 5 and bi
monthly x 3 until relapse. For comparative purposes, 97 sex- and age-matched 
normal donors (mean age 52 years, range 41-68) have been studied concurrently 
with patients. 

2.6. Isolation of Lymphoid Cells/Immune Parameters 

Monocyte-depleted peripheral blood lymphocytes (PBL) and purified T cells 
were isolated from fresh heparinized blood as previously described (Schulof et al., 
1981). PBL were utilized for determining the percentage of E-rosette-forming cells 
(E4o-RFC) (Bentwich et al., 1973) and high-affinity E-RFC (E29o-RFC) (West et 
al., 1976). Cryopreserved PBL were utilized to determine the percentage of cells 
expressing the OKT3 (pan T), OKT4 (helper/inducer), and OKT8 (cytotoxic/sup
pressor) antigens (Reinherz and Schlossman, 1980). OKT antigen-positive cells 
(OKT + ) were assessed with appropriate monoclonal antibodies (Ortho Labs, Rar
itan, N.J.) using indirect immunofluorescence and flow cytometry (FACS IV, Bec
ton-Dickinson, Sunnyvale, Calif.). Absolute T-cell numbers were determined by 
mUltiplying % E-RFC or % OKT + x absolute lymphocyte count. Purified T cells 
were employed in functional assays which included: (1) phytohemagglutinin (PHA)
induced proliferative responses (Schulof et al., 1981) and (2) proliferative responses 
to pooled allogeneic mononuclear (mitomycin C-treated) stimulator cells in 6-day 
mixed lymphocyte cultures (MLR). Preliminary immune results of the pre-and post
RT patient populations indicated that the post-RT patients exhibited marked depres
sions in total T-cell numbers as well as in T-cell function (Schulof et al., 1982). 
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2.7. Pharmacokinetic Studies 

Detailed phannacokinetic studies were performed using a specific radioim
munoassay (RIA) for <Xl as previously reported (McClure et al., 1982). In five 
patients who had received <Xl and one who had received placebo, plasma specimens 
were also assayed for FrS-like thymic hormone bioactivity using the murine aza
thioprine-rosette bioassay of Dardenne and Bach (1973). The methods for prepa
ration of plasma specimens and for performance of the bioassay have previously 
been described (Iwata et al., 1981). All specimens were drawn at the same time 
of day (8 a.m.) in order to control for the diurnal variation in circulating <Xl levels 
(McGillis et al., 1983). 

2.8. Statistical Methods 

Immune comparisons were performed utilizing least-squares analysis of vari
ance and pairwise t tests. All p values refer to two-sided tests (Snedecor and Cochran, 
1980). 

3. RESULTS 

The results presented in this communication are preliminary and represent an 
interim analysis of the trial which is scheduled for completion and final analysis in 
2-3 months. Patient accrual for the trial continued from November 1980 through 
January 1983 and the study will be completed by July 1983. In order to present 
our preliminary results, the codes for the three treatment groups have been broken. 
However, the codes for individual patients still on study have not been revealed. 

3.1. Patient Groups 

Forty-two patients were entered onto study and 41 are evaluable for follow
up study. One patient has been excluded from analysis because at the time of entry 
he had complained of abdominal pain. Subsequent work-up revealed the presence 
of metastatic disease and he was dropped from the study after having only received 
several injections. Currently, all patients have had a minimal follow-up period of 
at least 13 weeks (mean 38.5 weeks). The clinical characteristics of the three patient 
groups, I (placebo), II (<Xl BIW), and III (<Xl loading), are shown in Table I. As 
can be seen, the three groups are well matched with regard to most prognostic 
determinants including mean age, performance status, stage, and RT administered. 
However, several imbalances of prognostic factors are apparent which include a 
greater proportion of surgical reductions in the thymosin treatment groups (groups 
II and III) and a greater percentage of patients with pretreatment weight loss in the 
placebo group (group I). 
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3.2. Pharmacokinetic Studies 

There were no significant differences between baseline plasma <XI levels (in 
pg/ml) of the pre-RT (1019 ± 129 S.E., n = 14) and post-RT (846 ± 75, n = 26) 
patients compared to the healthy age- and sex-matched normal subjects (1017 ± 86, 
n = 47). Although there was a drop in baseline <XI levels following RT, this was 
not statistically significant. By 1 hr following the SQ injection, plasma <XI levels 
had increased lO-fold (Fig. 1). Peak levels achieved (25-30 ng/ml) were phar
macological and were 10-50 times greater than the highest physiological levels 
ever achieved either in infants or in patients with AIDS (Naylor et al., Chapter 6, 
this volume). Peak levels persisted for approximately 6 hr and then returned to near 
baseline over the next 18 hr. Figure 2 illustrates baseline <XI levels of the three 
treatment groups over 15 weeks of serial monitoring. Specimens for these analyses 
were drawn just prior to the injections of thymosinlplacebo and thus represent the 
lowest circulating levels detected during prolonged administration of <XI' As seen 
in Fig. 2, both thymosin treatment groups exhibited a gradual increase in baseline 
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FIGURE 1. Plasma thymosin Q, levels measured by radioimmunoassay following the first in
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patients have been pooled. 
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FIGURE 2. Baseline plasma thymosin al levels over 11 weeks for the three treatment groups. 

plasma QI levels over the initial 2 weeks to levels that were close to 2 S.D. above 
those of the normal donors and patients receiving placebo. Levels were then main
tained at approximately 1 S.D. above the normal mean throughout 11 weeks of 
serial monitoring although the loading dose group exhibited a higher level than the 
BIW group at week 11. 

Figure 3 illustrates a typical result of our pharmacokinetic study using the 
Dardenne-Bach bioassay. Five of the six patients studied exhibited pretreatment 
levels of:E; 1/4 (reciprocal of greatest dilution of plasma exhibiting activity) which 
is considered normal for their age. We did not observe any significant change in 
plasma FrS-like bioactivity following the administration of QI in five separate 
patients monitored over 11 weeks. There was no demonstrable plasma bioactivity 
even when levels of Q), detected by RIA, were extremely high at 2 hr following 
administration. 

3.3. Serial Immune Monitoring 

Figures 4, 5, and 6 illustrate typical results of the serial immune follow-up 
studies for the three different patient groups. As seen in Fig. 4, the post-RT patients 
exhibited a significant depression in MLR compared to either the normal donors or 
the pre-RT patients (p = 0.02). There was no significant change in MLR for patients 
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receiving placebo (group I) over a I5-week follow-up period. In contrast, patients 
in the loading dose Ul group (III) had complete restoration to normal ofMLR which 
only became apparent beginning at 7 weeks after initiation of injections. Group II 
(Ul BIW) exhibited a mild improvement in MLR at weeks 7-11 but this was only 
transient. Similarly, the post-RT patients exhibited a significant depression 
(p == 0.0001) in total T-cell numbers (absolute E4o-RFC/mm3) and the Ul loading 
dose group was associated with the greatest restoration of total T cells (Fig. 5) 
although this only approached two-thirds of the mean for the pre-RT patients. Group 
II demonstrated the best maintenance of the T4/T8 ratio at week 11 compared to 
group I or group III (Fig. 6). 

3.4. Patient Relapses 

Although our study was not designed as an efficacy trial, its experimental 
design allowed us to assess the influence of Ul administration on relapse rates and 
overall patient survival. The patient population under study has an extremely poor 
prognosis and it is expected that if no further treatment were administered following 
RT, less than 5% would survive for more than 2 years (Roswit et al., 1968). 

We have performed preliminary relapse-free survival (RFS) comparisons for 
the three treatment groups using the actuarial method of Kaplan and Meier (1958). 
These results must be interpreted cautiously as several prognostic imbalances (i.e., 
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surgical reductions and pretreatment weight loss) favor the thymosin treatment 
groups, which, in a study with small patient numbers, could totally account for 
significant survival differences. Our preliminary analysis indicates that both thy
mosin treatment groups (p = 0.03) are showing a significant improvement in RFS 
compared to the placebo group. This same finding holds if the analysis is restricted 
to patients who did not have surgical reductions. Four of the five patients in remission 
for more than a year received IX! by the loading dose schedule. 

We have also performed a preliminary analysis to identify the patients most 
likely to benefit from parenteral IX! administration. We could not identify any 
difference in relapse rates among the three groups according to tumor histology 
(i.e., squamous vs. nonsquamous) or location of relapse (i.e., local vs. distant). 
However, the improved RFS of groups II and III was limited to patients with 
nonbulky (pre-RT diameter < 5 cm) tumors. The relapse rates for patients with 
bulky tumors were approximately the same for patients in groups I, II, and III 
(71-86%). For patients with nonbulky tumors, the relapse rates for groups I, II, 
and II were 86, 50, and 33%, respectively. 

4. DISCUSSION 

In this communication we have presented preliminary results of a randomized 
double-blind phase II trial of synthetic IX! in which we have contrasted two different 
schedules of administration. The trial was performed in patients with locally ad
vanced non-small-cell lung cancer who had just completed primary radiation therapy 
and thus composed a uniformly immunosuppressed group of subjects with which 
to assess the immunorestorative effects of IX!. 
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Our preliminary serial immune monitoring results suggest that the loading dose 
u) regimen was superior to the twice a week schedule with regard to immune 
reconstitution. Only the loading dose schedule was capable of fully restoring T
cell function in MLR to normal. Although neither schedule of u) administration 
could restore total T-cell numbers back to pretreatment values, the loading dose 
schedule restored levels to approximately lOOO/mm3 and levels were sustained 
whereas this was not observed with the twice a week schedule. At present, the 
discrepancy between restoration of T-cell function and numbers is unexplained. It 
is possible that u) may act selectively on restoring T-cell function whereas the 
administration of other thymic peptides may be required in order to fully restore 
T-cell levels back to normal. Alternatively, it is possible that more intensive admin
istration of u) (e.g., daily) may be required in order to fully restore T-cell levels 
to normal. However, the loading dose u) schedule was associated with a relative 
increase in recovery of OKT8 + cells compared to OKT4 + cells reflected in a drop 
in the OKT4/0KT8 ratio. The significance of this finding is currently unknown but 
ideally, thymic factors should be able to regenerate T-cell numbers while main
taining normal OKT4/0KT8 ratios. Thus, it remains for future trials in post-RT 
patients to determine whether other thymic factors are capable of completely re
storing T-cell numbers while at the same time maintaining normal T-cell subset 
percentages. 

Our preliminary results suggest that the administration of u) improves RFS 
and thus has potential as a therapeutic adjunct for lung cancer patients treated with 
radiotherapy. However, because our study is based on small patient numbers, and 
because prognostic imbalances favor the thymosin treatment ~roups, these results 
must be interpreted cautiously and require confirmation in a larger multicenter trial. 
In the final analysis of our trial, we plan to perform logistic regression analyses to 
balance prognostic factors so that we can definitively establish the impact on u) 
therapy on relapse-free and overall survival. Nevertheless, based on our initial 
findings, we have recommended that large-scale confirmatory trials be designed 
and two such studies will be initiated shortly by the Radiation Therapy Oncology 
Group (RTOG) and the Mid-Atlantic Oncology Program (MAOP). The latter study 
will be restricted to patients with nonbulky tumors. 
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Effect of Thymosin Fraction 5 on 
Purine Enzymes and Surface 
Markers in Lymphocytes from 
Normal Individuals and 
Homosexuals with Acquired 
Immune Deficiency Syndrome 

J. L. MURRAY, J. M. REUBEN, C. G. MUNN, 
and E. M. HERSH 

1. INTRODUCTION 

Thymosin fraction 5 has numerous immunomodulatory effects, including the in
duction of Ly-123 + phenotype expression from Thy-l + mouse thymocytes (Ahmed 
et at., 1978) and augmentation of E-rosette-forming cells in both cancer patients 
(Schafer et ai., 1976) and children with primary immunodeficiencies (Wara et ai., 
1975). In addition, thymosin has been shown to induce various enzyme changes 
in lymphocytes, such as the appearance of TdT in mouse bone marrow (Pazmino 
et at., 1978) and elevations in 5' -nucleotidase (5' -NT) in human thymocytes (Cohen 
et ai., 1981). 

Two other enzymes in addition to 5' -NT which play an important role in 
lymphocyte differentiation are adenosine deaminase (ADA) and purine nucleotide 
phosphorylase (PNP). In man, both enzymes are elevated in prothymocytes and 
subsequently fall as cortical thymocytes mature into medullary thymocytes. Mature 
T cells have very low levels of ADA and high levels of PNP and 5'-NT (Ma et 
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ai., 1982). Several cases of immunodeficiency syndrome in children have been 
reported in which abnonnally low levels of a specific enzyme (i.e., ADA or PNP) 
were present in circulating red cells (Giblett et ai., 1972, 1975). 

We wanted to detennine whether enzyme abnonnalities occurred in lympho
cytes from persons with acquired immune deficiency states such as homosexual 
males with acquired immune deficiency syndrome (AIDS) (Gottlieb et ai., 1981). 
In addition, we examined the effect of thymosin fraction 5 on purine enzyme changes 
in parallel with changes in surface antigen expression on null- and T-enriched 
lymphocytes from patients with AIDS compared to a healthy aged-matched control 
population. 

2. MATERIALS AND METHODS 

2.1. Patients 

Twenty-two homosexual patients were studied. Six were clinically asympto
matic, five had documented Kaposi's sarcoma (KS), and 11 had opportunistic 
infections and/or had prodromal symptoms consisting of fever, weight loss, and 
lymphadenopathy. Twenty had reversal of the percentage of helper T cells to 
suppressor T cells with helper/suppressor ratios less than the nonnal mean of 1.8. 
All patients were being followed as outpatients at M. D. Anderson Hospital, and 
none had received chemotherapy or immunotherapy. 

2.2. Lymphocyte Separation Techniques 

Peripheral blood mononuclear cells (PBM) were purified using Ficoll-Hypaque 
gradients. PBM were then depleted of monocytes and B cells and enriched for null 
and T cells using two comparable techniques. In the,first method, nylon wool
purified lymphocytes « 2 ± 1.3% Sig+; < 1% ANAE+) were incubated for 10 
min with neuraminidase-treated SRBC (Galli and Schlessinger, 1974), pelleted, 
and placed on ice for 30 min. Rosettes were gently resuspended, layered on Fi
coll-Hypaque, and centrifuged for 15 min at 2200 rpm. Interface cells (null en
riched) contained < 30% lymphocytes staining positive by the monoclonal marker 
OKT3 (Pan T, Ortho Diagnostics, Raritan, N.J.). After lysing SRBC with Tris
NH4Cl, pelleted cells were> 90% enriched for OKT3. In method 2, PBM were 
enriched for T cells by panning on anti-human immunoglobulin petri dishes (Mage 
et ai., 1977). Five micrograms of goat anti-mouse immunoglobulin (Tago, Burlin
game, Calif.) was coupled to ox erythrocytes (OE) using chromic chloride. Panned 
lymphocytes were coated with anti-Leu-I monoclonal antibody (Becton-Dickinson, 
Sunnyvale, Calif.) incubated with pretreated OE (0.5% suspension) for 10 min and 
pelleted on ice for 60 min. Rosettes were separated from nonrosetting cells by 
Ficoll-Hypaque (Gualde and Goodwin, 1982). Interface cells were < 12 ± 4% 
Leu 1 +; pelleted cells were > 95 ± 30% OKT3 +. Although purity was better 
using method 2, enzyme levels were similar in null- and T-enriched cells obtained 
by either method. 
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2.3. Lymphocyte Surface Markers 

From 5 to 10 X 106 nonadherent lymphocytes were incubated overnight at 
37°C with or without thymosin fraction 5 (150 J.lg/ml). Following incubation, cells 
were washed and 0.5 to 1 X 106 cells were aliquoted into glass tubes. Ten mi
croliters (2 J.lg/ml) of fluorescein-labeled monoclonal antibodies OKT4, OKT8 
(Ortho Diagnostics), Leul (Becton-Dickinson), and the unfluoresceinated markers 
OKTlO, OKT9, Ia (Ortho), and anti-Tac (antibody reacting with the IL-2 receptor; 
generously donated by T. A. Waldmann) were added. Cells were incubated at 4°C 
for 20 min. In specific instances, cells were washed twice and indirect staining was 
performed by adding 50 J.lI of a 1: 100 dilution of fluoresceinated goat anti-mouse 
immunoglobulin (Kallestad Laboratories, Dallas, Tex.). After another 20-min in
cubation at 4°C, cells were washed and the percent cells labeled with each antibody 
was examined, using an Ortho Spectrum III cytofluorograph. 

2.4. Purine Enzyme Analysis 

Purine enzymes (ADA, PNP, 5 '-NT) were analyzed in T- and null-enriched 
lymphocytes using a modification of a previously published microtechnique (Van 
Laarhoven et al., 1980). From 1000 to 3000 lymphocytes in normal saline containing 
0.50% BSA were added to individual wells of Terasaki microtiter plates (Falcon 
Plastics, Oxnard, Calif.), frozen at - 30°C, and lyophilized. Five-microliter aliquots 
of [14C]adenosine (ADA substrate), [14C]inosine (PNP substrate), and [14C]-AMP 
(5 ' -NT substrate) in Tris buffer, 0.3% BSA, were added to each cell extract and 
incubated in high humidity at 37°C for 30 min (ADA) or for 2 hr (PNP, 5' -NT). 
Following incubation, the plates were placed on ice, and I-J.lI aliquots were removed 
and spotted on glass a-cellulose-coated (Avicel) TLC plates (Analtech Inc., Newark, 
Del.). Plates were incubated for 3 hr in appropriate solvents, dried, and the products 
identified using UV fluorescence. The products were scraped off and added to 5-
ml plastic vials, along with 3 ml of Aquasol (Packard Instruments, Downers Grove, 
IlL). Radioactivity was measured using a beta scintillation counter (Packard) and 
the percent conversion of substrate to product calculated. Results were expressed 
in nanomoles per 106 cells per hour. In comparing the effects of thymosin on 
enzyme changes, individual null- and T-enriched fractions were incubated for 18 
hr with or without 150 J.lg/ml thymosin, prior to enzyme analysis. In all individuals, 
enzyme changes and changes in lymphocyte surface antigens were studied in par
allel. 

3. RESULTS 

Patients had a greater number (4 X 106 ± 0.74, mean ± S.E.M.) and per
centage (17 ± 3) of null-enriched cells compared to normals (2.6 X 106 ± 0.48, 
9 ± 1.6; p < 0.10 and <0.002, respectively). AIDS patients had a lower absolute 
mean number ofT-enriched cells (7.1 x 106 ± 1.2) than normals (12 x 106 ± 2.1; 
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TABLE I. Purine Enzyme Activity in NulI- and T-Enriched 
Lymphocytes from AIDS/KS vs. Normals 

Enzyme ADA" PNP 

Normals (16) 
Null liS ± Sb 63 ± 6' 
T 100 ± 7 60 ± 5 

AIDS/KS (22) 
Null 150 ± lib 93 ± 7' 
T 115 ± 7 67 ± 5 

• Enzyme activity expressed as nmoles/IO" celis/hr. 
• AIDS/KS null-ADA significantly elevated vs. normals (p < 0.04). 
, AIDS/KS null-PNP vs. normal null-PNP (p < 0.004). 
d AIDS/KS T-5'-NT vs. normal T-5'-NT (p < 0.0002). 

5 '-NT 

9 ± O.S 
IS ± Id 

7 ± 0.5 
10 ± 1.2d 

p < 0.04). Mean T lymphocyte percentage was also decreased (AIDS = 22 ± 6, 
controls = 45 ± 8; p < 0.(06). These values were calculated as a final absolute 
count and percentage of nonadherent B lymphocyte and monocyte-depleted cells 
remaining after either nylon wool purification or adherence to goat anti-human 
immunoglobulin-coated plates (see Materials and Methods). 

Enzyme values were measured in cell extracts of null-and T-enriched lym
phocytes in patients and normals (Table I). Patients had a significiant elevation of 
mean ADA levels in null-enriched cells, compared to normals. Likewise, mean 
PNP was elevated in patient vs. normal null. There were no significant differences 
in these enzymes between patient and normal T-enriched cells. In contrast, 5'-NT 
levels were higher in normal vs. patient T-enriched cells. Null 5'-NT was not 
significantly different between groups. 

In Table II, nonadherent lymphocytes were analyzed with respect to surface 
marker expression. Symptomatic patients had a significantly higher percentage of 
OKTlO+ and Ia + cells, and a lower percentage of OKT4 + cells than normals. 
Preliminary data on three controls and three patients suggested that the increases 
in OKTlO and Ia occurred in the null-enriched fraction rather than in the T fraction 
(data not shown). 

Preincubation of both null- and T-enriched lymphocytes with 150 J.Lglml thy
mosin fraction 5 (a dose found to be optimal in earlier dose-response experiments) 

TABLE II. A Comparison of Lymphocyte Subpopulations in AIDS vs. Controls 
Using Monoclonal Antibodies 

Monoclonal 
(% cells labeled) OKTIO OKT9 Ia Anti-Tac Leu I OKT4 OKTS 

Normals (10) 11 ± 1.8" 2 ± 0.6 5 ± 0.8 3 ± 0.6 60 ± 3.7 35 ± 2.2 31 ± 2.0 
AIDS/KS (15) 20 ± 3.3" 2 ± 0.7 13 ± 0.9" 3 ± 0.9 50 ± 7 22 ± 3.4" 39 ± 4.3 

• Percent ± S.E.M. Markers performed on T-enriched lymphocytes depleted of monocytes « 1% ANAE+) and B 
cells « 2% slg+). 

'AIDS vs. normals. p < 0.05. 
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FIGURE 1. Percent change (+ or -) in lymphocyte purine enzymes ADA (e), PNP (0), and 
5' NT C&) after preincubation with Thymosin (150 /-Lg/ml). Each symbol represents one person. 
Horizontal bars denote mean; vertical bars denote S.E.M. Significant (p < 0.05) decreases in 
ADA and PNP occurred in AIDS/KS null cells in the presence of thymosin. 

caused moderate enzyme changes (Fig. 1). Patients had a mean percent decrease 
in all null enzymes following thymosin incubation, whereas normals demonstrated 
an increase. Similar changes occurred with T-enriched cells, although results were 
variable for PNP. In general, the higher the initial enzyme level, the greater the 
decrease following thymosin exposure, and vice versa. As seen in Table III, similar 
changes occurred in lymphocyte surface markers. Leu1, OKT4, OKT8, OKTIO, 
and la percentages in patients were suppressed by thymosin. In contrast, thymosin 
increased OKTlO and la, and OKT8 expression in normals. 

TABLE III. Percent Change in Phenotypic Marker Expression following Thymosin 
Incubation: Normal vs. AIDS 

TF5, 150 /-Lg/mla 

Nonnals (6) 
AIDS (II) 

OKTIO Ia 

+20 
-20 

Leu I 

-7 
-10 

OKT4 

+ 15 
-11 

OKT8 

+9 
-7 

, B-cell- and monocyte-depleted lymphocytes preincubated with or without thymosin (150 JJ.g/mJ) and markers ex
amined. 

b (+) = mean percent increase in lymphocytes expressing OKTlO; (-) = mean percent decrease. Changes in early 
markers (i.e .• OKTIO) correlated with similar changes in enzymes [if change in normals ADA (null) = + 8%; change 
in AIDS ADA (null) = - 14%]. See Fig. I. 



620 J. L. MURRAY et a/. 

4. DISCUSSION 

This study demonstrates several interesting findings. First, homosexuals with 
AIDS/KS had elevations of ADA and PNP in null-enriched lymphocytes, rather 
than low levels as has been observed in several immunodeficiency syndromes. 
Second, thymosin was capable of modulating enzyme levels and phenotypic marker 
expression in opposite directions, depending on whether each parameter was ele
vated or decreased initially. 

The reasons for elevations in ADA and PNP levels in null lymphocytes from 
AIDS patients are unknown. However, ADA and PNP are increased in either very 
early prothymocytes (Ma et at., 1982) or activated T cells (Hovi et at., 1976). In 
four patients, over 30% of null cells did not mark with either OKTlO, la, OKT8, 
or Leu7 (a monoclonal antibody defining a surface antigen expression on NK cells) 
Abo et at., 1981), suggesting that a greater number of null cells might contain 
lymphocytes derived from early prothymocytes or pre-B cells. A decrease in ADA 
and PNP seen in AIDS following thymosin incubation could conceivably be due 
to a maturational effect such as has been demonstrated previously in mouse thy
mocytes (Ahmed et at., 1978). It is likely that the elevation on OKTlO and la (both 
found on activated T cells) (Janossy et at., 1980) could be related to increased 
enzyme levels, as these antigens were expressed largely on null-enriched cells (data 
not shown). 

Thymosin has been shown to have variable effects on several immune param
eters, depending on the initial immune status of the individual. For example, thy
mosin was shown to increase the percentage of E-rosette-forming cells in immu
nosuppressed cancer patients and in children with immunodeficiency syndromes. 
Significant increases often correlated with improved prognosis (Chretien et at., 
1978; Wara et at., 1975). Schafer et at. (1977) demonstrated an improvement in 
lymphocyte PHA response in cancer patients upon incubation with thymosin. De
creased response occurred in patients in whom blastogenesis was elevated. In this 
study, positive or negative changes in enzymes and phenotypic markers correlated 
with clinical status and whether these parameters were initially elevated, normal, 
or suppressed. Interestingly, the increases noted in enzymes and in OKTlO and la, 
along with the decrease of the OKT4/0KT8 ratio following thymosin incubation 
in normals, are similar to the effects seen following lymphocyte activation (Bums 
et at., 1982). Because AIDS patients had initial elevations in immature and/or 
"activation" antigens, as has been previously reported (Schroff et at., 1983), perhaps 
thymosin induced a down-regulation of receptors along with lymphocyte maturation. 
Further studies examining the relationship of these changes to clinical status and 
other immune parameters such as lymphocyte blastogenesis are in progress. 
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Demonstration of a Block 
at an Early Stage of 
T-Cell Differentiation 
in Severe Combined 
Immunodeficiency Disease 
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ANDRE VASU, and SAVITA PAHWA 

1. INTRODUCTION 

62 

The syndrome of severe combined immunodeficiency disease (SCID) represents a 
group of congenital lethal disorders, characterized by defects of both T- and B
cell systems (Hitzig et al., 1971; Giblett et al., 1972; Gatti et al., 1969; Pyke et 
al., 1975; Hong et al., 1978; Gelfand et al., 1977; Pahwa et al., 1979). Although 
the ultimate immunological expression of these disorders is quite similar, the defect 
oflymphoid development may vary. Studies using thymic extracts, thymic epithelial 
monolayers, and thymic hormones have revealed that the differentiation of precursor 
cells may be abnormal in scm (Touraine et al., 1974; Pahwa et al., 1977, 1979). 
Most of the previously reported studies on T-Iymphocyte differentiation have em
ployed mainly rosette formation with SRBC (E-rosettes) as a differentiation marker 
for T cells. In this communication, we have investigated the differentiation of T
cell surface antigens using mouse monoclonal antibodies on two patients' blood 
and bone marrow lymphocytes using cultured thymic epithelial monolayers and 
thymosin fraction 5 (TF5) as inducing agents. 
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2. METHODS 

Patients. The patients under study (under 1 year of age) were diagnosed as 
having scm on clinical and laboratory bases. Both patients were lymphopenic with 
absence ofT cells as shown in Table I. B cells were normal in number. Proliferative 
responses to mitogens, antigens, and allogeneic cells were severely depressed in 
both patients. Patient No. 1 had associated deficiency of the enzyme adenosine 
deaminase (ADA). 

Cultures of Thymic Epithelium. Thymic epithelial monolayers were established 
as described previously (Pyke and Gelfand, 1974; Pahwa et al., 1977). Briefly, 
normal thymic tissues obtained from children undergoing cardiac surgery were cut 
into small pieces, teased with forceps, and then cultured in small petri dishes in 
RPMI 1640 medium supplemented with 30% heat-inactivated fetal calf serum, 
gentamycin (4 IJ.g/ml), and amphotericin B (llJ.g/ml). The cultures were incubated 
in an atmosphere of 5% CO2-95% air at 100% relative humidity. The culture media 
were changed weekly, and the supernatants from the cultures were collected, cen
trifuged, filtered through Millipores, and stored at - 20°e. These were designated 
thymic epithelial culture supernatants (TCS). Cells from all cultures of epithelial 
monolayers were tested to ensure that they did not contain any E-rosetting cells 
before using these monolayers as inducers of differentiation. Satisfactory epithelial 
monolayers were established after a culture period of 3-5 weeks. Monolayers from 
fetal kidney or skin and their supernatants (also stored at - 20°C at weekly intervals) 
were used as controls. 

Cell Isolation. Small volumes (0.5-0.7 ml) of bone marrow from patients were 
aspirated from a few sites of the iliac crest into lO-ml heparinized glass syringes. 
Mononuclear cells from the marrow of patient No. I were separated on Fi
coll-Hypaque gradients by centrifugation at 400g for 30 min at 22°e. Cells at the 
interface were washed thrice with RPMI 1640 medium, and adjusted to a concen
tration of 2 x 106/ml prior to induction studies. For remaining samples (marrow 
and blood from p'ltient No.2, blood from patient No. 1), I-ml volumes of un
fractionated samples were utilized for cell surface phenotype determination. 

Induction of Markers. The un separated blood from both patients, unseparated 
bone marrow from patient No.2, and mononuclear cells from bone marrow cells 

TABLE I. Features of Test Patients with SCID 

Lymphocytes Immunoglobulins 
(% positive cells) (mg/dl) 

Patient ADA E-rosettes· OKTll b sIgc IgG IgA IgM 

Id 1.0 17.1 7.4 518 30 50 
2 + 2.5 6.2 11.2 280 3 16 

• Fonning spontaneous rosettes with SRBC (nonnal ± I S.D., 72 ± 12). 
b Characterization with fluorescein-conjugated monoclonal antibodies (normal ± I S.D., 70 ± 7). 
, Surface immunoglobulin-bearing cells (normal ± I S.D., 17 ± 7) tested with fluorescein-conjugated polyvalent 

rabbit anti-human immunoglobulin antisera. 
d Patient No. I was on plasma infusion therapy. 
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of patient No.1 were cocultured with thymic epithelial monolayers, TF5 (50 and 
100 J.Lg/ml) and medium alone for 15 hr at 37°C in a humidified 5% CO2-95% air 
incubator at 100% humidity. After incubation, cells were stained for T-cell surface 
antigen using the following mouse monoclonal antibodies: OKT3, T4, T6, T8, T9, 
TIO, TIl (Ortho Diagnostics). The antibodies OKT3, T4, T6, T8, and TIl were 
fluorescein-conjugated antibodies, while the T9 and TIO antibodies were not. Cells 
treated for T9 and TIO antibodies were secondarily stained with goat anti-mouse 
fluorescein-conjugated antibodies. The test samples were analyzed by Ortho Spec
trum III. 

Phenotypic Characterization of Cells with Monoclonal Antibodies. Whole blood 
(0.1 ml) was mixed with 0.01 ml of appropriate fluorescein-conjugated mouse 
monoclonal antibodies (OKT3, T4, T6, T8, TIl) for 30 min at 4°C. The red cells 
were then lysed with Ortho lysing reagent. The remaining cells were washed twice 
with PBS (Ca and Mg free), resuspended in I ml of PBS, and analyzed on Spectrum 
III. Cells treated with OKT9 and TIO antibodies were stained with goat anti-mouse 
fluorescein-conjugated antibodies before analysis. The trigger zone was focused on 
the lymphocyte population. Both percentages and absolute numbers of positively 
stained lymphocytes were noted in each experiment. 

3. RESULTS 

Table II depicts results of surface phenotype in blood and bone marrow cells 
of patient No.1 with SCID. A marked deficit of cell surface phenotype character
istics ofOKT3, T4, T6, and T8 was observed. Cell surface phenotype characteristics 
of OKT9 and TI 0 were present but OKTII was markedly diminished (17.1 % in 
blood and 0.0% in bone marrow cells). Following incubation with thymic epithelial 
monolayers and TF5 (50 J.Lg/ml) , only induction of OKTIO+ cells was observed 
as shown in Table II. In blood, increase was observed from 38.7% to 51.2% with 
thymic epithelial monolayers and 53.3% with TF5, while in the bone marrow 

TABLE II. Induction of T-Cell Antigens in Blood and Bone Marrow Cells of Patient 
No. 1 with SCIDa 

T-cell antigen (% positive cells) 

Sample Induction T3 T4 T6 T8 T9 TID Til 

Blood Medium 2.2 2.6 1.1 1.8 18.1 38.7 17.1 
TEM 1.3 3.0 0.2 1.0 13.7 51.2 10.7 
TF5. 50 2.0 1.6 0.0 2.9 18.0 53.3 20.2 

fJ.g/ml 
Bone marrow Medium 0.0 0.0 0.0 0.0 23.5 38.3 0.0 

TEM 0.8 1.5 1.2 0.5 24.3 55.4 1.2 
TF5.50 0.5 0.4 1.2 0.0 24.6 53.5 0.9 

fJ.g/ml 

'TlO+ cells were present in bone marrow and blood. Further induction of TlO+ cells was noted following incubation 
of blood and bone marrow samples with thymic epithelial mono layers (TEM) or TF5. 
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TABLE III. Induction of T-Cell Antigens in Blood and Bone Marrow 
of Patient No. 2 with SCIDa 

T-cell antigens (% positive cells) 

Sample Incubation T3 T4 T6 T8 T9 TlO 

Blood Medium 6.2 4.5 4.3 1.9 36.2 1.3 
TEM 4.4 4.4 1.5 2.0 37.7 5.3 
TF5, 50 5.5 6.8 3.4 1.1 32.3 1.5 

/Lg/ml 
Bone marrow Medium 2.1 1.3 0.7 0.1 30.9 3.5 

TEM 2.6 1.1 0.2 1.2 27.8 24.7 
TF5. 50 2.4 2.0 1.1 0.2 32.5 6.7 

/Lg/ml 
TF5, 100 1.9 1.4 0.7 0.3 36.4 18.2 

/Lg /ml 

Til 

6.2 
6.7 
5.1 

5.5 
7.4 
6.6 

7.2 

Q TlO+ cells were absent in bone marrow and blood. However. induction of TlO+ cells were noted in bone marrow 
following incubation with thymic epithelial monolayers (TEM) or TF5. 

increase was from 38.3% to 55.4% with thymic epithelial monolayers and 53.5% 
with TF5. 

Results of surface phenotype in blood and bone marrow cells of patient No. 
2 with scm are shown in Table III. In this patient a marked deficit of all cell 
surface phenotype characteristics of OKT3, T4, T6, T8, TIO, and Til were ob
served except OKT9 (36.2% in blood and 30.9% in bone marrow cells). Following 
incubation with thymic epithelial monolayers and TF5 (50 and 100 f.Lg/ml), only 
induction of OKTIO+ cells was observed in bone marrow cells as shown in Table 
III. Increase was observed from 3.5 % to 24.7 % with thymic epithelial monolayers 
and 18.2% with TF5 (100 f.Lg/ml). 

4. DISCUSSION 

Previous studies of T-cell differentiation on the marrow cells of patients with 
scm revealed varying defects, ranging from a complete absence to partial differ
entiation of definable precursor cells (Touraine et al .• 1974; Pahwa et al .• 1977, 
1979, 1980; Incefy et al .. 1976; Hong et al .. 1976, 1978; Pyke et al .• 1975; Gelfand 
et al., 1977; Reinherz et al., 1981). The present study, performed on blood from 
two patients with scm, has revealed that the possible defect of the early stem cells 
might involve (1) absence of TIO antigen-bearing cells with absence of T3, T4, 
T6, and Til antigens as seen in patient No.2, and (2) presence of TIO antigen
bearing cells which are associated with Til + and Tll- cells but with absence of 
T3. T4. T6, and T8 antigens as seen in patient No. 1. 

In a larger series of five scm patients, Reinherz et al. (1981) have described 
three subtypes of SCID based on cell surface phenotype using T-cell monoclonal 
antibodies. One SUbtype was associated with failure to develop lymphocytes that 
express any thymus-specific antigens, another with failure to differentiate beyond 
the early prothymocyte-thymocyte (T9+ , TIO+) stage, while a third SUbtype was 
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associated with failure to differentiate beyond a late thymocyte (T3 +, T4 +, T5 + , 
T8+, and TIO+) stage. According to this scheme, one of our patients (No.2) 
would fit into the first subtype as he was lacking identifiable thymus-specific an
tigens. The second patient (No.1) had TIO antigens but was lacking T9 and had 
in addition a small percentage of Til + lymphocytes. He could be considered as 
representing a subgroup within the second subtype according to the scheme of 
Reinherz et al. (1981). 

The studies attempting to induce differentiation along the T-cell pathway in 
these patients indicate that their cells can be pushed at least partially from one 
subtype into the next. Expression of TlO antigen was induced in patient No.2 and 
the population expressing this antigen was expanded in patient No. 1 following 
incubation of marrow cells from both patients with thymic influences employed 
herein, i.e., thymic epithelial monolayers and TF5. The TIO antigen-bearing pop
ulation was expanded even in lymphocytes from peripheral blood in patient No.1. 
No induction of other surface phenotypes, i.e., T3, T4, T8 or Til, was observed. 
Likewise, E-rosette-forming capacity was also not induced in either patient (data 
not shown). 

Further in patient No.1, only 1 % of the lymphocytes formed E-rosettes with 
SRBC while expressing 17.1 % cell surface phenotype characteristic of OKTI1, 
thus indicating a dissociation between expression of OKTI1 antigen and E-rosette 
formation. Such findings have also been observed in patients with childhood acute 
lymphoblastic leukemia (Narula et al., 1982). The mechanism and significance of 
this dissociation between these two markers are not clear. 

Our induction studies indicate that in both patients the true block in differ
entiation lies at an early stage, one presumably involving differentiation of prothy
mocytes to thymocytes. An assessment of the possible site of defect in scm with 
the type of in vitro experiments described herein will help to provide a better 
understanding of the steps involved in normal T-lymphocyte differentiation. 
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Part V Summary 

Clinical Applications 

ROBERT K. OLDHAM and PAUL B. CHRETIEN 

BIOLOGICALS OTHER THAN THYMIC HORMONES 

Dr. Chretien and I have divided our responsibilities for the Clinical Applications 
Session. I will summarize the presentations on biologicals other than thymosin and 
he will summarize the presentations on thymic factors. Since this transfers most of 
the work to my cochairman, I will follow with only a few comments. First, the 
presentation by Dr. Dumonde on the use of crude extracts of the cell line RPMI 
(1788) was of some interest. I believe although we would prefer to study purified 
molecules and combinations of purified molecules instead of extracts of poorly 
defined cell supernatants, these kinds of preliminary clinical studies are of use. 
They do give us some appreciation of the kinds of clinical activities that can be 
seen with reagents that are mixtures and contain a variety of biological activities 
as measured by our biological assays. Although the time will come when we will 
put the components of such extracts together more precisely, these kinds of studies 
do give us some preliminary information. As was well pointed out by Dr. Dumonde, 
such studies are very limited in what we can learn from them in terms of precise 
molecular interrelationships. The interlesional injection with subsequent tumor ne
crosis was interesting, particularly with the data on cell infiltrates which made it 
appear as though an immunological response was stimulated when this extract was 
injected into the lesions. In the Biological Response Modifiers Program (BRMP), 
we are conducting a study of genetically engineered interferon interlesionally, and 
although we see necrosis in some injected nodules, this kind of infiltrate has not 
been seen. It may well be that the lymphokine mixture draws forth an inflammatory 
response not stimulated by a single purified recombinant a-interferon molecule. It 
will be interesting to investigate this in more detail. 

ROBERT K. OLDHAM • Biological Response Modifiers Program, Division of Cancer Treatment, 
NCI-Frederick Cancer Research Facility, Frederick, Maryland 21701. PAUL B. 
CHRETIEN. Department of Surgery, University of Maryland, Baltimore, Maryland 21201. 

629 



830 ROBERT K. OLDHAM and PAUL B. CHRETIEN 

I am not an endocrinologist so I'm very unsure about the honnonal relationships 
described by Dr. Dumonde, but I think they bear study and critical review. Dr. 
Joshua presented some interesting infonnation with another clinical study on crude 
lymphokine-containing material. Measurable responses were seen in a select group 
of those patients with interlesional injections of this extract. Both Dr. Dumonde 
and Dr. Joshua need to pursue these studies applying placebos to analogous lesions 
in the skin simultaneously. We have done that in our interlesional interferon study 
and have not seen saline giving responses in injected nodules, whereas the interferon 
has. When one does these studies, it is important to use some kind of placebo 
control and also to describe whether distant lesions respond simultaneously with 
the injected lesion. It is also important to measure the injected biological in the 
blood and to understand the pharmacokinetics and effects of the systemically dis
tributed materials after intralesional injection. 

Dr. Palladino gave some interesting infonnation on IL-2 production in patients 
with acquired immunodeficiency disease syndrome (AIDS). It is curious that a 
disease appears to have been born at about the same time the cures are being 
discovered. I do not know why that is, and I do not know why AIDS did not show 
up 10 to 15 years ago before we were genetically engineering lymphokines. Why 
AIDS showed up in the early 1980s at precisely the time our techniques are allowing 
us to produce, in high quantity and high quality, interferons and other lymphokines 
such as IL-2, which may ultimately be of use in curing the disorder, is an interesting 
philosophical point to consider. The data on IL-2 production and effects of this 
lymphokine in AIDS, in other immunodeficiency states, and in cancer patients are 
of great interest. 

In the poster sessions, the poster by Dr. Basham stuck me as particularly 
interesting. It illustrates the effect of interferon on cell surface molecules. They 
reported an increase in antigen display with respect to Ia antigens and the more 
powerful action, at least in one system, of "'i-interferon as compared to a- and (3-
interferon. This area deserves considerable study because it is clear that as biolog
icals increase antigenic display, this may be of use in integrated studies with active 
specific immunotherapy. 

A final comment has to do with the question of endotoxin which, because of 
time restraints, was not discussed in great detail today. We have noted that endotoxin 
can be seen by virtue of its biological effect at 2-3 logs below detectable levels by 
the limulus assay, if its presence is detected by nature of endotoxin's synergistic 
effect on other lymphokine activities. I believe this indicates that the limulus assay 
is a very limited tool in detennining that preparation is endotoxin negative. The 
analogy is the common statement that all cell lines were tested for mycoplasma 
and were negative. The tests used are crucial in defining the absence of a contaminant 
from any biological substance. I do not believe that any of us can confidently rely 
on the current techniques for endotoxin measurement, and we must assume that 
small quantities are often there in the preparation of crude lymphokine extracts. 
The comment that Dr. Oppenheim made about antibodies is very important. Methods 
to rid preparations of endotoxin activity, such as polymyxin B or perhaps antibody 
to a particular endotoxin, would be very useful in studying these crude extracts. 
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This is a time of great excitement in biology. With monoclonal antibodies, 
genetically engineered lymphokineslcytokines, improved instrumentation and fer
mentation techniques, and recent advances in oncogene research, we can all look 
forward to the certainty of biologicals as the fourth modality of cancer therapy. 

R.K.O. 

THYMIC HORMONES 

The privilege afforded me by our conference host, Dr. Allan Goldstein, and 
my session cochairman, Dr. Robert Oldham, to comment on the clinical studies 
with thymic hormone is opportune, because these reports, combined with other 
recent ones, appear to mark a crossroads in clinical immunology. These studies 
firmly document that extracts and peptides of thymus gland origin have immuno
logical activity which is reflected in clinical benefit. The results give legitimacy to 
the use of these agents in the treatment of disease and move the challenge from 
demonstration of efficacy in pilot studies to controlled trials in well-defined patient 
populations to establish activity of individual thymic hormones in distinct clinical 
diseases. My comments are limited to the clinical aspects of the reports in this 
session and the relevance to future clinical research, so as not to overlap discussions 
of preclinical aspects of the hormones presented in the previous sections. 

In Diane Wara's summary of her experience since her pioneering utilization 
of thymosin fraction 5 in the treatment of congenital immune deficiencies, she 
prudently advises caution in the interpretation of her uncontrolled observations, 
because of the possibility of spontaneous improvement in these diseases and the 
potential benefit from other therapies that were employed. Since her initial report, 
however, other thymic hormones have been evaluated and the accumulated data 
leave no doubt of their efficacy in these disorders. Her results, combined with the 
reports by Skotnicki and Bach in this session and the successful use of TP-5 
previously reported, justify thymic hormones as a treatment of choice or as a 
therapeutic alternative for certain congenital immune deficiencies. 

In the course of her initial studies, Dr. Wara observed that thymosin improved 
peripheral blood in vitro lymphocyte reactivity in the mitogen-induced cellular 
proliferation and mixed leukocyte reaction assays, and that this response correlated 
with the clinical benefit after a course ofthymosin. She also found that these immune 
parameters progressed toward normal levels in the children who improved clinically 
after administration of thymosin. Thus, utilization of this in vitro effect of thymic 
hormones on assays of cellular immunity as a predictor of the clinical response 
may have great value in delineating patient populations potentially amenable to 
treatment with thymic hormone and also provide a means of comparing the relative 
clinical efficacy of individual thymic hormones. 

In a study of patients with untreated Hodgkin's disease, Davis observed im
provement in assays of cellular immunity after in vitro incubation with TP-l of 
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peripheral blood lymphocytes from the patients, similar to the results obtained with 
thymosin by Schaeffer and Kenady in patients with malignancies. Davis also con
firmed their finding of the greatest improvement in the immune assays with spec
imens from patients who had the most severely impaired cellular immunity. In 
contrast to the observations by Wara in congenital immune deficiency, however, 
in which these results were predictive of the clinical response with thymosin as the 
sole therapy, the use of in vitro response to thymosin as a predictor of eventual 
clinical course in malignancy is dependent on an effective primary tumoricidal 
treatment with which the thymic hormone is used as an adjuvant. Results from 
several studies illustrate this relationship. In trials with thymosin, Lipson found a 
correlation between low T-cell levels before treatment and duration of survival in 
patients with oat cell carcinoma of the lung treated with chemotherapy and Patt 
showed a relationship between tumor stage (which correlates with cellular immunity) 
in melanoma and duration of the clinical response to chemotherapy in melanoma. 
Thus, in the patients Davis studied, the clinical courses after primary therapy and 
adjuvant TP-I offer an opportunity to further investigate this relationship. 

Schulors clinical trial in bronchogenic carcinoma, in which thymosin a) was 
employed in conjunction with palliative radiation therapy, is exemplary in its ra
tionale based on preclinical and in vitro studies of the effects of thymic hormones, 
in the battery of assays used to monitor immunological responses and in its highly 
scientific utilization of a control population which was randomized double-blind to 
receive either thymosin a) or placebo. The rationale for thymic hormone as an 
adjunct to radiotherapy to the chest is derived from studies that document profound 
declines in lymphocyte and T-cell populations during irradiation to the chest and 
a significant increase in T-cell levels in vitro after incubation with thymosin of the 
peripheral blood lymphocytes obtained from the same patient population. Although 
administration of a) was associated with a modest increase in helper T-cell levels 
and mixed leukocyte responsiveness to alloantigens that did not return to pretreat
ment levels, nevertheless, the results are extremely gratifying when the clinical 
setting is considered. In patients with congenital immune deficiencies who benefited 
from thymic hormones, among whom Wara and others observed a return to normal 
levels of the immune parameters after administration of thymic hormones, there 
was not an ongoing pathologic process which diminishes immune reactivity. By 
contrast, in patients with cancer and infectious diseases, the effects of the microbial 
infection or the malignant cells exert a continuous immunosuppressive effect, and 
reversal of this effect must be sought through effective primary therapies. In these 
latter settings, mere stabilization of the progressive decline in immune reactivity is 
indicative of a marked immunological effect of the hormone, and the associated 
therapeutic benefit should be sought through comparisons of the clinical course with 
concomitant control populations. 

In Schulors trial, the serial determination of peripheral blood levels of thy
mosin a) by radioimmunoassay is an important advance in immunotherapy with 
thymic hormones. The determination of circulating levels of the hormone prior to 
treatment has obvious usefulness in delineating patient populations and disease 
entities that are appropriate for treatment with the agents. During administration of 
the hormones, serial determination of the levels should provide useful correlations 
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with clinical course that give insight into the effects of increasing circulating levels 
of the hormones to the normal range in patients with diminished levels and whether 
additional benefit or deleterious effect accrues with increase in the levels to even 
higher ranges. It is theoretically possible that patients with cellular immune defi
ciency and high levels of thymic hormones may nevertheless benefit from treatment 
with the agents, and studies which incorporate monitoring of hormone levels will 
be useful in exploring this hypothesis. 

Murray considered the potential usefulness of lymphocyte enzymes as predic
tors of the maturational effects of thymic . hormones and found elevated levels of 
the purine enzymes adenosine deaminase (ADA) and purine nucleotide phospho
rylase (PNP) in null cells in AIDS that decreased after in vitro incubation of the 
lymphocyte preparations with thymosin. The data suggest maturation of null cells 
by the hormone, but regression to the T-cell lineage was not detected. One inter
pretation of the phenomenon observed is that a cell population not presently meas
urable was generated. The potential importance of these observations merits further 
investigation, especially in diseases associated with low blood levels of thymic 
hormones. 

William Wara's observation of tumor regression in patients with advanced 
malignancies of the kidney and prostate who received relatively large doses of 
thymosin fraction 5 provokes speculation concerning effects of thymic hormone 
other than immune modulation. Although augmentation of immunological processes 
that lead to tumor regression cannot be excluded, the high-dosage schedule requires 
consideration of the corticogenic effects of thymosin. In recent studies, thymosin 
Ql introduced into the CNS provoked elaboration of adrenal corticosteroids, thus 
implicating neuroendocrine pathways for this effect of the hormone. Since corti
costeroids have induced regression of renal and prostate tumors, this explanation 
for the tumor responses obtained with thymosin in this trial must be considered. 
The possibility that thymic hormones induce immunological alterations in conven
tional dosages, but stimulate endocrine changes in higher dose regimens should 
also be explored for possible clinical usefulness in the treatment of other diseases. 

The use of a thymic extract for treatment of fulminant viral hepatitis B in 
China reported by Su addresses the formidable challenge of immunotherapy in 
infectious diseases. Most infections either resolve or become indolent after a short 
clinical course or are fatal after a short interval, and thus do not provide sufficient 
time for the pathologic process to be altered by improved or stabilized cellular 
immunity induced by thymic hormones. Of the infectious diseases with courses 
advantageous for evaluation of the clinical efficacy of thymic hormones, infectious 
hepatitis B is relatively ideal because of an associated impairment of cellular im
munityand a morbid course with current therapies. The lower mortality in fulminant 
hepatitis B infection in this pilot provides adequate rationale for the institution of 
controlled clinical trials in the disease. This conclusion is further supported by 
similarly encouraging results obtained in a controlled trial with TFX reported by 
Skotnicki. Since patients who recover from acute hepatitis B infection may enter 
a carrier state with persistence of infectious virus that also is associated with de
pressed cellular immunity, similar studies should be considered in this patient 
population. 
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An increase in suppressor activity in patients with rheumatoid arthritis found 
by Jacobs introduces the current problem of the extreme variation and conflicting 
results of immunological studies in patients with autoimmune diseases thus far 
reported. Most investigators found decreased suppressor activity in rheumatoid 
arthritis, systemic lupus erythematosus, asthma, chronic autoimmune hepatitis, and 
similar diseases. However, almost invariably, the populations studied were on one 
or more medications, such as corticosteroids or nonsteroidal anti-inflammatory 
drugs, and in virtually all the diagnosis had been made a number of years beforehand. 
Studies on the effect of disease activity, duration since first onset, age of the patient, 
and current or prior medications usually found that these variations affect results 
of the immune assays. Before full-scale clinical trials of thymic hormones in au
toimmune diseases are initiated, the effects of these variables should be determined 
with certainty. Equally important is the determination of the immunological status 
during periods of inactive disease. Relatively normal immunologic activity during 
these intervals advises caution in the use of thymic hormones and other immune 
modulators for prophylaxis against acute exacerbations because of the theoretical 
possibility of activating the disease. 

The report by Sheng of clinical improvement in patients with chronic autoim
mune hepatitis with thymus extract in China gives great impetus to evaluation of 
thymic hormones in autoimmune diseases. These clinical results are important 
extensions of experimental animal studies and in vitro studies of the effects of 
thymic hormones utilizing blood specimens from patients with chronic autoimmune 
hepatitis and other autoimmune diseases, which predict that the hormones should 
be clinically beneficial in these disorders. Future therapy trials in autoimmune 
diseases should include randomized controls as utilized by Dr. Sheng, and also 
begin to concentrate on the derivation of maximally effective dose-regimens and 
treatment schedules of the hormones. 

The review by Skotnicki of the immunological and clinical studies that have 
been conducted in Poland with TFX shows that this thymus extract has biological 
activity equivalent to other thymic hormones. The double-blind, placebo controlled 
trial in hepatitis B enjoys the distinction of the first study in infectious diseases of 
thymic hormones thus reported with this scientific level of clinical design. The 
positive clinical results support the observations by Su in the same disease and 
should encourage trials in othr viral diseases associated with extreme morbidity and 
resistance to other therapeutic modalities. 

In the progress report by Bach on the studies which have been conducted with 
thymulin, the low circulating blood levels of this nonapeptide in children with 
congenital immune deficiency, combined with the improvement in the patients after 
administration of the peptide, are evidence that thymic hormones of this small size 
can exert immune modulating properties and corresponding clinical benefits equal 
to that achieved with larger peptides and thymic extracts. The short half-life of 
thymulin, and of TP-5, which also is effective in congenital immune deficiencies, 
further show that clinical benefit is not necessarily dependent on persisting elevations 
of blood levels of the hormones. It is more than possible that Bach's correlations 
of immunological activity with dose regimen of thymulin, i.e., that augmentation 
of helper function is only achieved with lower doses while higher doses lead to 
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intensification of suppressor activity, apply to other thymic hormones. Therefore, 
it is imperative that investigations which explore this relationship be conducted with 
the other preparations to determine not only the efficacy but the potential hazards 
associated with clinical use of thymic hormones. 

CONCLUSIONS 

A major conclusion from these clinical trials with thymic hormones, along 
with studies reported earlier, is that both thymic extracts and individual peptides 
thus far evaluated exerted immunological effects and corresponding clinical effects 
in several major categories of diseases. In cancer and infectious diseases, subpop
ulations associated with impaired immune reactivity have manifested elevations of 
these parameters toward normal and improvement in disease course. In autoimmune 
diseases, significant proportions of patients have displayed clinical improvement 
and the preliminary results indicate that this response depended on the presence of 
impaired suppressor activity. These immunological effects of thymic hormones 
define immune modulation and distinguish these preparations from agents whose 
beneficial effect is related to augmentation of immune reactivity and thus are more 
appropriately termed immune stimulants. 

An important area for future investigation is the relative clinical advantages, 
and disadvantages, of thymic extracts, such as thymosin fraction 5, thymic humoral 
factor, TFX, TP-l, etc. compared with single peptides, such as thymosin <XI> TP-
5, and thymulin. A potential disadvantage of thymus extracts is the variation in 
number and concentrations of biologically active peptides present in each batch and 
the corresponding variations in immunological effects. The variation may be due 
to strain, age, and sex of the animals, and diet, season, etc., and the procedures 
used for extraction of the polypeptide mixtures. By contrast, most of the individual 
peptides currently being used in clinical trials are synthesized, and thus have re
producible chemical composition and biological activity. The single peptides also 
offer the opportunity for assessment of the blood levels of the naturally occurring 
peptides before administration of the synthetic or purified preparation, and permit 
correlations of blood levels before and during administration of the peptide with 
the clinical course. These considerations give priority to comparisons of the relative 
effects of thymic extracts and individual peptides on lymphocyte maturation and 
other immunological changes. The comparisons should be extended to include 
evaluation of combinations of single peptides that may yield immunological effects 
which are equal to or greater than single peptides or extracts. This proposal is 
derived from several studies in which thymic hormone had differing immunological 
effects on lymphocyte precursors and other cells. For example, thymosin <Xl and 
thymulin have been shown to exert maturational effects beginning with terminal 
deoxynucleotidyl transferase positive (TDT+) prothymocytes, but thymosin fraction 
5 and one of its constituents, 134, exert expression of the enzyme in TDi bone 
marrow cells. Thus, these data support investigations for complementary activities 
of the individual peptides in an attempt to derive peptide combinations that have 
greater immunological effects than obtained with the peptides used singly. 

The relation of the immunological and clinical effect of the hormones on the 
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magnitude of immunological abnonnality associated with the disease serves to 
delineate patient subpopulations that should be evaluated in future trials. In cancer, 
the ideal patient groups have stages of the disease associated with significant im
painnent of immune reactivity and are treated with an effective but immunosup
pressive therapy. In infectious diseases, it appears advantageous to study highly 
morbid and immunosuppressive processes that have clinical courses which extend 
at least several weeks. In autoimmune diseases, there are several ideal populations, 
e.g., chronic hepatitis B, autoimmune hepatitis, rheumatoid arthritis, asthma, etc. 
In this category, however, relatively much more data are needed concerning cor
relations of immune status and response to thymic honnone with disease activity, 
duration of disease since onset, and effects of concomitant and previously admin
istered drugs. The favorable results thus far reported with autoimmune diseases 
encourage the initiation of these admittedly tedious studies. Additional impetus 
arises from the evidence that in properly selected patient groups with autoimmune 
diseases, and potentially autoimmune diseases such as multiple sclerosis and re
current polyserositis, thymic honnones offer promise of being effective as a primary 
treatment modality. Also, the symptom complex of the patients with these diseases 
should lead to the most dramatic and most easily discerned clinical benefit. 

In all of the diseases discussed, prior to the clinical studies, the effects of 
thymic honnones in vitro on assays of cellular immunity, using peripheral blood 
lymphocytes from well-defined patient groups, should be employed to identify the 
appropriate populations for the trials and the ideal interval for introduction of the 
honnones and the duration of treatment. 

In summary, the current challenge in the study of thymic honnones is not 
defense of the clinical applications being explored, but the meticulous design and 
conduct of clinical trials that include a range of dose regimens and durations of 
treatment in an attempt to achieve optimum immune modulation and avoid adverse 
effects which may arise through administration of thymic honnones to inappropriate 
populations. Future trials, except for pilot studies, must include concomitant control 
groups treated with placebo that are derived through double-blind randomization, 
and should employ a battery of cellular immune assays which appear most likely 
to correlate with the clinical effects of the honnones during the study. Hopefully, 
the great potential benefit from the use of thymic honnones in a number of diseases 
for which there is no satisfactory treatment at present will accelerate the widespread 
initiation of these studies. 

P. B. C. 
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in crippling of thymus-dependent immune 

system, 70 
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defined, 57 
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Epstein-Barr virus and, 528 
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helper T-cell subset and, 528 
high-risk homosexual sera in, 71 
Hodgkin's disease and, 161 
interleukin-2 production in, 528, 630 
interleukin-2 regulation of T-cell proliferation 

in, 525-528 
purine enzymes and surface markers in 

lymphocytes from patients with, 615-620 
thymic epithelial injury in, 61 
thymic function and, 175 
thymosin levels in, 69-74 
thymosin III assay in, 71 
thymosin fraction 5 in treatment of, 615-620 

ACTH (adrenocorticotropic hormone) 
adrenal fasciculata cells and, 315 
in pituitary response studies of prepubertal 

primates, 366-371 
production of in tissue, 161 
RPMI 1788 injection and, 512 
thymosin fraction 5 in release of, 317 

Actinomycin D, in Iymphotoxin bioassays, 
236-237 

Activated killer lymphocytes, in vivo studies of 
in humans, 201-206 

Activated macrophages, defined, 335 

Adenosine deaminase, AIDS and, 615, 620, 633 
Adherent mononuclear cells, interleukin-2 

elaboration and, 470-472 
Adoptive immunotherapy 

defined, 191 
of murine and human tumors, 191-206 

Adoptive transfer 
mean survival time after, 198 
of spleen cells in immunosuppressed mice, 

433 
Adrenal axis, thymosin fraction 5 stimulation of, 

317 
Adrenal glucocorticoids, in thymic involution, 

365 
Adult T-cell leukemia, HTLV infection and, 

10-13 
Aging 

antibody synthesis and, 297-304 
HLA antigens and, 291 
immune function changes in, 289 
lymphocyte proliferation in, 285-293 
lymphocyte receptors in, 285-293 
Iymphokine production in, 285-293 

AIDS, see Acquired immune deficiency 
syndrome 

AKR mice, immunoreactive thymosin III in sera 
of, 156-158, see also Mice 

Alloxan-diabetic mice, thymosin fraction 5 
effect on, 441 

Il-Amanitine, as RNA polymerase B inhibitor, 
100 

Aminco Centrifuge II, 201 
2-Aminoethylcarbazole, 349 
Amino acid sequences, of h-TCGF, 186-187 
Ampholine solution 

in CM-A fractionation, 167 
in DNA synthesis of thymocytes, 145, 149 

Anion-exchange chromatography, in DEAE
Sepharose method, 3 

Antibody formation 
glucocorticoids in, 365 
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Antibody fonnation (cont.) 

Iymphokine-mediated enhancement of by 
leukemic cells, 483-487 

Antibody response helper factor, 485, see also 
Interleukin-I 

Antibody specificity 
antilymphokine-secreting hybridomas and, 310 
demonstration of for Iymphokines, 310-311 

Antibody synthesis 
aging and, 301-303 
pokeweed mitogen in, 297-299 

thymosin and, 299-300 
thymosin fraction 5 and, 296-304 

Antigens, surface, 43-44 
Anti-HTLPpI9, thymic epithelium and, 53 
Antihuman thymic stromal antibodies, reactivity 

patterns of, 50 
Anti-interleukin-2-secreting hybridomas, 309 
Antilymphokine-secreting hybridomas, antibody 

reactivity and. 310 
Anti-pI9-reactive thymic epithelial cells, 

thymopoietin and thymosin 0.1 in, 48-49 
Anti-Tac antibody, in IL-2 receptor 

immunoprecipitation, 273-274 
Anti-TCGF monoclonal antibody, 251 
Antitetanus antibody levels, antibody synthesis 

and, 302 
Antitetanus IgG, by peripheral blood 

mononuclear cells. 298 
Antithymic hormone antibodies, reactivity 

patterns of, 47 
Antithymocyte serum. and thymosin 0.1 

protective activity against Candida and 
Pseudomonas infections. 429-432 

Antithymosin 0.10 47 
Antithymosin 0.7 and l3-reactive peripheral blood 

lymphocytes, detection of, 114-118 
Antithymosin ai-reactive peripheral blood 

lymphocytes, 113 
Antithymus 134 

in skin and thymus. 120-121 
in spinal cord, 122 

Aphthous stomatitis. recurrent. 555-556 
Ataxia telangiectasia, 571 
Athymic mice, see also nulnu mice 

human diabetic PBL injections in, 455 
thymic peptide effects on reproductive 

function of, 325-326 
thymosin 134 concentrations in tissues of, 79 

Athymic mice reproductive defects, honnonal 
basis of, 326-328 

ATL, see Adult T-cell leukemia 
Atresia, thymus role in, 330 
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"At risk" homosexuals, thymosin 0.1 levels in, 
74-75, see also Acquired immune 
deficiency syndrome 

Autoimmunity, autoreactivity and, 583 
Autoimmunoaggressive syndromes, TFX-Polfa 

in treatment of. 550-553 
Autologous peripheral blood lymphocytes, PHA

activated, 20 I 
Autoreactivity, autoimmunity and, 583 
Azathioprene E-rosette inhibition assay, 

102-104,413-414 

BI6 melanoma, thymosin 0.1 protection against, 
429-432, 436 

Biological response modifiers, preparation of, 
401-402 

Biological Response Modifiers Program, 629 
Biologicals other than thymic honnones, clinical 

applications of, 629-631 
BM, see Bone marrow 
Bombesin, production by tissue, 161 
Bone marrow cells. agglutination with PNA, 

377 
Bone marrow cultures. kinetics of, 348 
Bone marrow-derived macrophages 

antigen expression on, 350 
L-cell conditioned medium restimulation with, 

350 
migration inhibitory factor effects on. 35 1 
separation by hypotonic Percoll gradient 

centrifugation. 349 
Bone marrow failure, TFX-Polfa in treatment of, 

548-550 
Bone marrow graft, immunosuppressive factors 

and. 147 
Bone marrow progenitor cells, thymosin effect 

on. 437 
Bone marrow stem cells 

interleukin-3 and, 219-220 
prothymocytes from. 209 

Bovine neurotensin, 377 
Bovine serum albumin. in T-cell marker 

expression. 376-379 
Bovine thymosin 0.10 immunoreactive thymosin 

0.1 and, 165 
Bovine thymus, thymone A from. 91 
Brain, antithymosin 134 in, I20-12l 
Brain oligodendrocytes, thymosin 134 in, 

119-124 
Brain tissue, thymosin 0.1 detection in, 

319-320 
BRMP, see Biological Response Modifiers 

Program 
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Calf spleen, thymopoietin III from, 161 
Calf thymic protein factor, extraction and 

purification of, 148 
Calf thymus 

thymosin III precursor from, 105-106 
thymosin 134 peptides in, 78-79 

Calf thymus extract, biological properties and 
clinical use of, 545-561 

cAMP 
glutathione stimulation of, 90 
growth inhibitory factor and, 423 
thymopoietin and, 491 

cAMP assay, thymone C and, 92 
cAMP cellular levels, control of, 89 
cAMP production, thymosin fraction 5 and 

thymosin III in, 319, 491 
Cancer, see also Malignant solid tumors 

adoptive immunotherapy in, 191 
lung, see Lung cancer 
Iymphokines as therapeutic agents in, 513 
renal, 587-590 

Cancer patients, GvH activity in, following 
Iymphokine therapy, 521 

Candida albicans. resistance to in vivo challenge 
with, 44~42 

Candida infection. ATS and carrageenan effect 
on thymosin III protective activity against, 
429-432, 436, 439-441 

Carboxymethyl-cellulose chromatography, 
166-168 

5-Carboxamidomethyl h-TCGF. 182 
Carcinogenesis, Iymphotoxin pathway in control 

and eradication of, 363, see also Cancer 
Carrageenan. thymosin III and. 429-432, 436, 

439-441 
Carrier-primed spleen cells, T-cell enrichment 

of, 448 
cDNA, 32P-labeled clonal, 9 
Cellular immune system, in AIDS, 62 
Cellular immunodeficiency disorders, thymosin 

fraction 5 treatment in. 571-579 
Central nervous system 

immune system and, 313-322 
immunoreactive thymosin III and, 159-161 
thymosin-induced corticogenesis in, 

315-319 
Central nervous system toxicity, interferon and. 

497 
cGMP levels 

in mature T cells, 491 
thymosin III and, 446 

Chicken bone marrow cells, see also Bone 
marrow cells; Bone marrow stem cells 

Chicken bone marrow cells (cont.) 
agglutination with PNA, 377-378 
T-cell marker expression on, 375-381 

Chicken neurotensin, 377 
China, fulminant viral hepatitis in, 531, 

633-634 
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Chronic active hepatitis, see also Hepatitis B 
virus 

prevalence of, 541 
TFX-Polfa treatment in, 554-555 

Chronic lymphocytic leukemia, TFX-Polfa in 
treatment of, 556 

Chronic mucocutaneous candidiasis, 571 
CID, see Combined immunodeficiency disease 
Circulating immune complexes 

antigen-nonspecific assay for, 469 
in Hodgkin's disease, 568-569 

CLL, see Chronic lymphocytic leukemia 
Clone 28-7, specificity of reactivity to, 197 
CM-cellulose chromatography, 166-168 
CM-52, see Carboxymethyl cellulose 

chromatography 
Combined immunodeficiency disease, 

thymosin fraction 5 therapy in, 573 
Cohn fraction IV-I 

CM-cellulose chromatography of, 166 
synthetic thymosin III and, 170 
ultrafiltration of, 167-169 

Colorectal cancer, TFX-Polfa therapy in, 560 
Combined immunodeficiency disease, 

thymosin fraction 5 and, 575-576 
Con A, in mitogenic stimulation, 90 
Con A Iymphokine, oxygen production and, 

338-340 
Conceptualization, terminology in, 395-398 
Corticogenesis. thymosin-induced, 315-319 
Corticosterone level 

in immune response, 321, 
thymic peptide injection and, 318 

Corticosterone production, thymosin fraction 5 
and thymosin III in stimulation of, 316 

Corticotropin-releasing factor 
in prepUbertal primate studies, 368-371 
serotonin and acetylcholine stimulation of, 

322 
CRF, see Corticotropin-releasing factor 
slCr-labeled lymphoid cells, homing of, 

445 
CTL, see Cytotoxic T lymphocytes 
CTO fraction, glutathionine in, 90 
Cyclophosphamide, TFX and, 555 
Cysteine sulfonic acid, \05 
Cytomegalovirus, AIDS and, 528 
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Cytostatics, treatment of mice with, 425-426, 
437 

Cytotoxic clones, mean survival time after 
adoptive transfer of, 198 

Cytotoxic T lymphocytes, clonal expansion 
of,475 

DA-3 lymphoma cell lines, 216-217 
DA-4 lymphoma cell lines, 216 
DA-5 lymphoma cell lines, 217 
DA-24 lymphoma cell lines, 217 
db/db mice, see also Mouse; Mice; nu/nu mice 

indirect cytotoxicity assay for, 458-459 
thymosin treatment of, 455-460 
urine glucose levels for, 457 

Ddz-amino acids 
mixed anhydride synthesis with, 101-102 
in thymosin a, synthesis, 97 

DEAE-Sepharose, anion-exchange 
chromatography on, 3 

Delayed-type hypersensitivity, restoration of by 
tbymosin a" 427-429 

Dexamtbasone 
age-related changes in binding of, 292 
lymphocyte proliferation and, 288 

Diabetes mellitus 
adult onset, 459 
as autoimmune-like disease in db/db mice, 

459 
streptozotocin-induced, 455 

Diabetic autoimmune mouse, thymosin treatment 
for, 455-460 

Dicyclohexylcarbodiimide/I
hydroxybenzotriazole, in thymosin a, 
synthesis, 99 

DiGeorge syndrome, thymosin fraction 5 therap) 
in, 571-572, 575 

Disease, emotional state and, 320 
Disseminated FBL-3 lymphoma, lymphoid cells 

in adoptive immunotherapy of, 193-195 
Dithiothreitol, in protein modification, 182 
DMS-I antibody, 311 
DMS-3 antibody, 309-311 
DMS monoclonal antibodies, 307-312 
DNA, [3Hltbymidine incorporation in, 90 
DNA synthesis 

interleukin-2 and, 383-393 
in PHA-stimulated lymphocytes, 385-386 
and transferrin receptor induction in human T 

lymphocytes, 383-393 

Electrofocusing, in CM-A fractionation, 167 
Electron microscope immunocytochemistry, 137 
ELISA, see Enzyme-linked immunosorbent 

assay 

INDEX 

Emotional state, in health and disease, 320 
Endocrine thymus, in immune regulation, 22 
Endocrine tissue weights, thymosin fraction 5 

injection and, 318 
~-Endorphin, in prepUbertal primate studies, 

368-371 
Endotoxins, growth inhibitory factor and, 423 
Enzyme-linked immunosorbent assay, 301-302, 

309-310 
Epstein-Barr virus, AIDS and, 57, 528 
E receptor, in thymosin a, synthesis, 100 
E-rosette formation 

in SCID, 623 
thymosin a, and, 446, 580 
tbymosin fraction 5 and, 375 
thymostimulation effect in, 566 

Escherichia coli expression system, recombinant 
a-interferon in, 497 

Extracellular interleukin-I, biochemical 
characterization of, 259-262 

Extracellular mononuclear phagocytes, IL-2 
release to, 257 

Facteur thymique serique, see also Thymic 
hormones; Thymosin; Thymulin 

immunosuppressive factors and, 147, 176 
in nonlymphoid stromal network of thymus, 

135, 145 
FBL-3 lymphoma 

adoptive immunotherapy of, 193-195 
lymphoid clones with in vitro reactivity to, 

195-198 
Ficoll-Hypaque gradient centrifugation, 201 
5-Fluorouracil, restoration of immunological 

damage caused by, 426-435 
FL V, see Friend leukemia virus 
Follicle-stimulating hormone 

in athymic mice, 327-328 
in prepubertal primate studies, 368 

Follicular degeneration, thymus role in, 330 
Food and Drug Administration, U.S., 500 
Frederick Memorial Hospital, 500 
Friend leukemia virus 

helper factor suppression by, 485 
immunosuppressive effects of, 483-487 
lymphatic leukemia and, 483-484 

FrS (facteur thymique serique), 135, 145, 147, 
176, see also Thymulin 

5-FU, see 5-Fluorouracil 
Fulminant viral hepatitis 

case histories in, 536-538 
cause of, 531 
histopathological findings in, 535 
liver biopsies in, 532, 535, 538-539 
patient care and therapy in, 532-534 
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Fulminant viral hepatitis (cant.) 
porcine thymic peptides in, 531-540 
surviving and nonsurviving case data in, 

533-534 
thymic extract for, 633 
thymic hormone treatment in, 538-540 

Gastrin, production by tissues, 161 
Genetic engineering, thymic peptides in, 177 

Gla24, Gla2~-thymosin at, biological activity of, 
101 

Glucagon, production by tissue, 161 
Glucocorticoid axis, systemic thymosin and 

Iymphokinin injection effects on, 
314-315 

Glucocorticoids, in antibody formation and 
thymocyte differentiation, 365 

[3Hl-Glucosamine-labeled molecules, sequential 
binding of, 253 

Glucose levels, in dbldb mice, 457 
Glutathione 

in thymic tissue, 89-90 
in thymosin fraction 5, 90 

Gonadotropin-releasing hormone, thymosin 
fraction 5 and, 365-366 

Gonadotropins, in accelerated degeneration of 
primordial follicles, 331 

Graft-versus-host disease, 65, 145-147, 
151 

Growth hormone, in prepubertal primate studies, 
368 

Growth inhibitory factor, in tissue cultures, 
421-423 

Guanidinium chloride, 78, 83 
Guanidinium hydrochloride extract of calf 

thymus, 106 
Guinea pig macrophages, 0, production by, 

336 
GvH, see Graft-versus-host disease 

Haitian refugees, AIDS and, 65, 525 
Hamster Iymphotoxin, anticancer action of, 

357-358 
Hanks' balanced salt solution, 193. 258 
Hassall's corpuscles 

in AIDS, 51-52, 62-65 
disappearance of, 69 

Health, emotional state and, 320 
Helper cell activity, induction and in vitro 

titration of, 447-450 
Helper factor 

FL V suppression of, 485 
immunocompetence restoration by, 486 

Hematoimmunological machinery, suppressive 
regulation of, 145-146 
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Hematoxylin-phloxin-saffron, AIDS and, 62-63 
Hepatitis B, porcine thymic immunomodulator 

treatment in, 541-543, see also Fulminant 
viral hepatitis 

Hepatitis B surface antigen, prevalence of, 541 
Hepatitis B virus infection 

incidence of, 541 
TFX-Polfa in treatment of, 553-555 

High-performance liquid chromatography, 5-6, 
27-28, 169, 171 

HLA antigens, aging and, 291 
Hodgkin's disease 

AIDS and, 161 
cellular immune defects and. 565 
circulatory immune complexes in, 568-569 
relapse-free survival in, 565 
TFX-Polfa in treatment of, 556 
thymostimulin as immunomodulator in, 

565-569 
thymulin and, 631-632 

Homosexuals 
AIDS and, 61-62, 71, 161, 615-620 
interleukin-2 regulation of T-cell proliferation 

in, 525-528 
Kaposi's sarcoma in, 57, 71, 525-527 
Pneumocystis carinii pneumonia in, 525 

HPLC, see High-performance liquid 
chromatography 

h-TCGF, see Human T-cell growth factor 
HTLV, see Human T-cell leukemia-lymphoma 

virus 
HTLV-associated leukemia patients, antibodies 

in, 54 
Human activated killer cells, 198-200 
Human autologous mixed lymphocyte tumor 

cultures, 200-201 
Human blood, immunoreactive thymosin at for, 

165-172 
Human brain, thymosin J:l4 in oligodendrocytes 

of. 119-124, see also Brain 
Human endocrine thymic epithelium antigens, 

monoclonal antibodies in identifying of, 
43-54 

Human epidermis, light microscopy of, 139-140 
Human "I-interferon, properties of, 498-500, see 

also Interferon 
Human interleukin-I, see also Interleukin-I 

biochemical analysis of, 258 
characterization of, 257-263 
spontaneous production of. 259 

Human intracellular interleukin-2, molecular size 
of peaks in, 260 

Human K562 erythroleukemia, 361 
Human lymphoma patients. elevated thymosin 

at levels in, 159 
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Human Iymphotoxin(s), 223-232, see also 
Lymphotoxin(s) 

biochemical properties of, 238-241 
chemical and biological properties of, 

235-243 
class II, 360 
growth inhibition properties of in lung cancer, 

241 
heat stability of, 241 

Human peripheral blood lymphocytes 
cytolytic and cytostatic activity of, 361-362 
and markers for thymosins at. a7, and ~4' 

111-117 
Human primary lymphocyte supernatant, T-cell 

growth-promoting activity of, 268 
Human T-cell growth factor, see also T-cell 

growth factor 
amino acid sequence of, 186-187 
gene expression in, 8-10 
immunoaffinity-purified, 181-188 
purification of, 2-6, 181 

Human T-cell leukemia (leukemia-lymphoma) 
virus 

from AIDS patients, 59 
GvH reaction and, 66 
isolation of, 10-12 
myasthenia gravis and, 49-51 
p 19 structural protein and, 47 
TCGF receptor expression and, 12-13 
transmission of, 11-12 

Human T cells, growth of, 10-12 
Human thymic epithelial antigen, recognition by 

monoclonal antibody, 47-51 
Human thymus, light microscopy of, 157-158, 

see also Thymus gland 
Human T lymphocytes, see also Human T cells; 

T lymphocytes 
mitogen-stimulated, 383-393 
transferrin receptor induction in, 383-393 
lymphoid cells in adoptive immunotherapy of, 

191-206 
Humoral autoreactivity, control of, 552 
HUTl02 cell line, 3 
Hybridomas, antilymphokine-secreting, 310 
Hybridoma supernatants, 309 
20-a-Hydroxysteroid dehydrogenase expression, 

210-212 
20-a-Hydroxysteroid dehydrogenase-positive 

lymphocytes, 210-211 
Hypogammaglobulinemia, TFX-Polfa effect in, 

549 
Hypothalamic-hypophyseal-adrenocortical axis, 

model of, 321-322 
Hypothalamic-pituitary function, thymic peptide 

effects on, 325-333 

IBM 2997 centrifuge, 201 
IDC, see Interdigitary cells 
-y-IFN, see Immune interferon 
IL-l, see Interleukin-l 
IL-2, see Interleukin-2 
IL-2R, see Interleukin-2 receptor 

INDEX 

Immune complexes, antigen-nonspecific assay 
for, 469 

Immune interferons 
in IL-2 protein isolation, 269 
phase I trial of, 497-505 

Immune regulation, endocrine thymics in, 22 
Immune response, corticosteroid levels in, 321 
Immune system 

cell types and functions in, 313 
CNS and, 313-322 

Immunity, hormonal influences in, 314 
Immunoaffinity chromatography, 166-167 
Immunoaffinity-purified human T-cell growth 

factor, from JURKAT cells, 181-188, see 
also T-cell growth factor 

RPLC of, 187-188 
Immunocompetence, in Hodgkin's disease, 565 
Immunocompromised patients, pathology of, 

493 
Immunocytochemistry 

electron microscopic, 137 
light microscopic, 136-137 

Immunodepressive influences, summary of, 490 
Immunologically reactive lymphoid cells, 

adoptive transfer of, 192 
Immunoperoxidase technique, 349 
Immunoreactive thymosin al 

bovine thymosin al and, 165 
in cells and supernatants of T-cell 

lymphomas, 159 
chromatography of, 166-167 
CNS as source of, 159 
HPLC analysis of, 169-171 
from human blood, 165-172 
molecular weight determination for, 169 
purification from, CM-A, 167-169 
in sera of leukemic AKR mice, 156-158 
sources of, 159-161 

Immunoregulatory concept, synthetic small 
thymic peptides and, 105-108 

Immunoregulatory molecules, thymic hormones 
as, 176 

Immunoregulatory signals, generation from 
thymic precursor proteins and polypeptides, 
107-108 

Immunoregulatory T lymphocytes, thymosin al 
effect on, 445-452 

Immunosuppressed mice 
Candida infections in, 445 
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Immunosuppressed mice (cont.) 
helper cell activity enhancement in, 447-450 
prevention of death by adoptive transfer of 

spleen cells in, 433 
prevention of microbial infections in, 429 
prevention of progressive tumor growth in, 

429-434 
restoration of damage caused by 5-FU in, 427 

Immunosuppression corrective therapy, summary 
of,490 

Immunosuppressive factors, graft-versus-host 
mortalities and, 145-147 

Immunosuppressive peptides, thymus- and 
spleen-derived, 145-152 

Insulin 
antisera against, 307 
production of by tissue, 161 

Insulin binding, age-associated changes in, 292 
Intercellular interleukin-I, demonstration and 

characterization of, 257-263, see also 
Interleukin-I 

Interdigitating cells, antithymosin-J34 in, 
120-123 

Interferon(s) 
CNS toxicity and, 497 
immune, see Immune interferons 
Iymphokinin and, 241-243, 363 
a-Iymphotoxin and, 231 
macrophages in production of, 347-348 
MIF and, 347 
thymic factor in production of, 445 

a-Interferon, recombinant, 497 
J3-Interferon, from supernatant of virns

stimulated fibroblasts, 498 
'I-Interferon 

antiproliferate effects of, 498 
antitumor activity of, 504 
maximum tolerated dose for, 500-505 
preparation of, 498-500 
properties of, 499 
thymosin and, 439-440 
toxicity of, 501-502 

Interleukin( s) 
in disease states, 492 
tumor growth and, 469-473 

Interleukin production, circulating immune 
complexes in, 472 

Interleukin-I, see also Lymphocyte-activating 
factor 

adherent mononuclear cells and, 470-472 
as antibody response helper factor, 485 
assay of, 259 
biocheniical characterization of, 259-262 
defined, 2, 257-258 
14K peak in, 261-262 
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Interleukin-I (cont.) 
from human peripheral blood lymphocytes, 

266 
lipopolysaccharide and, 257 
molecular weight profiles of, 259-260 
in mouse macrophages, 257 
spontaneous production of, 259 

Interleukin-2, see also T-cell growth factor 
and activity of primary human lymphocyte 

culture, 267-268 
affinity purification of, 309 
in AIDS, 630 
bioassay of, 267 
endogenous production of, 527 
in in vitro tests, 205 
isolation of, 266-267 
JURKAT-FHCRC in production of, 266 
from long-term T-cell lines, 266, 270 
in lymphocyte proliferation, 286 
lymphoid cells in, 192-195, 205-206 
from MLA-I44 cell line, 271 
from neoplastic T-cell lines, 308 
partial purification of from supernatant of 

long-term T-cell lines, 270 
protein determination from, 267 
SDS-PAGE profile during absorption of, 

267-269 
silicic acid batch adsorption in purification of, 

265-271 
as T-cell growth factor, 247, 395-397 
and T-cell proliferation control in AIDS 

homosexual patients, 525-528 
transferrin receptor induction and, 383-393 

Interleukin-2 receptor(s) 
in ATL and non-ATL leukemic cells, 

273-277 
immunofluorescence detection of, 385 
in transferrin receptor induction, 388-390 

Interleukin-2 receptor antibodies, DNA synthesis 
and, 390-391 

Interleukin-2 receptor expression, transferrin 
receptor expression and, 391-392 

Interleukin-2 receptor induction, in PHA
stimulated lymphocytes, 387-388 

Interleukin-2 receptorffac antigen 
lack of down regulation of, 274-275 
regulation of by monoclonal antibody, 280 
up regulation of, 275-276 

Interleukin-3 
biochemical and biological properties of, 

209-220 
biological activity of, 213-215, 219-220 
in bone marrow cell colony formation, 

219-220 
function of, 210 
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Interleukin-3 (cont.) 
homogeneous, 213-214 
in vitro splenocyte responsiveness and, 

478-479 
purification and biochemical characterization 

of, 212-213 
receptor population for, 476-477 
sources of, 212 
Thy-I expression and, 212, 219 
tumor growth and, 476 
in 20aSDH expression, 210-212 

Interleukin-3-dependent lymphoma cell lines, 
215-218 

Interleukin-3-induced differentiation, sequence 
of, 217-218 

Interleukin-3 production 
after nylon wool fractionation, 476-477 
in tumor-bearing hosts, 475-480 

Intracellular interleukin-2, biochemical 
characterization of, 258-262, see also 
Interleukin-I 

Intracellular transglutaminase, MIF and, 
348-353 

In vivo actions, pharmacology and, 489-494 
In vivo-in vitro transplacental carcinogenesis 

assay, 357 
Ion-exchange chromatography, 3, 23 
IRa, see Immunoreactive thymosin a 
IR3.4 J3-lymphoblastoid cell line, supernatants 

from, 226-230 
Isoelectric focusing, gel filtration and, 309 
Isografted animals, tumor growth in, 470 

JURKAT cell line, 8-9, 12-13 
immunoaffinity-purified human T-cell growth 

factor from, 181-188 
PHA and, 3 
T-cell growth factor and, 5, 248 

JURKAT-FHCRC, in IL-2 production, 266 
JURKAT rnRNA, T-cell growth factor activity 

and, 253-254 

Kaposi's sarcoma, AIDS and, 57, 71,161, 
525-527 

Keratin, antisera against, 135 

Ll210 leukemia cell growth, thymosin treatment 
against, 465 

Lactalbumin hydrolysate, 225 
LAF, see Lymphocyte-activating factor 
LAK cells, see Lymphokine-activated killer cells 
Langerhans cells, common antigen of thymic 

origin in, 123 
L-cell-conditioned medium, in bone marrow 

macrophage restimulation, 350 

INDEX 

LCL-LK, see RPMI 1788 cell line 
Leukaphereses, in in vivo studies of activated 

killer lymphocytes, 201 
Leukemia, and thymosin fraction 5 role in 

nutritionally stressed mice, 463-468 
Leukemia cell growth resistance, thymosin 

restoration of, 465-467 
Leukemic AKR mice, immunoreactive thymosin 

al in sera of, 156-158 
Leukemic cells, lymphokine-mediated 

enhancement of antibody formation of, 
483-487 

Light microscopic immunocytochemistry, 
136-137 

Lipopolysaccharide, IL-I levels and, 257 
Listeria monocytogenes, 467 
Liver, thymosin 134 in, 119-120 
LK, see Lymphokine(s) 
Long-term T-cell lines, partial purification of 

interleukin-2 from supernatants of, 270 
LPS, see Lipopolysaccharide 
LT, see Lymphotoxins 
Lung cancer, see also Cancer; Primary lung 

cancer 
isolation of lymphoid cells in, 603 
Iymphotoxin growth-inhibition properties in, 

241 
patient group characteristics in, 605 
patient relapses in, 609-610 
pharmacokinetic studies of, 606-607 
serial immune monitoring in, 607-609 
survival time in, 557 
TFX-Polfa in treatment of, 551, 556-557 

Lupus erythematosus, diabetes and, 459 
Lupus mice, immune function abnormalities in, 

460 
Luteinizing hormone 

in athymic mice, 327-328 
in prepubertal primate studies, 368 
thymic peptide effects on, 329-330 

Luteinizing hormone-releasing hormone 
in athymic mice, 327-328 
thymosin fraction 5 stimulation of, 329 

Lymphocyte(s) 
allogeneic target cells and, 235 
GvH activity in cancer patients, 521 
homing of, 434-435 
thymic hormones in PGE2 release by, 

416-417 
Lymphocyte-activating factor, defined, 2, see 

also Interleukin-I 
Lymphocyte cell cycle, 287 

human peripheral blood lymphocytes and, 289 
insulin and dexamethasone binding related to, 

292-293 
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Lymphocyte count, in Hodgkin's disease, 566 
Lymphocyte proliferation 

in aging, 285-293 
dynamic analysis of, 285-288 
IL-2 and, 286 
RNA synthesis and, 286 

Lymphocyte receptors 
in aging, 285-293 
list of, 292 

Lymphocyte surface markers, thymosin fraction 
5 effect on, in AIDS patients, 615-620 

Lymphoid cell line leukemia, see RPMI 1788 
cell line 

Lymphoid cell Iymphokines, see also 
Lymphokine(s) 

malignant solid tumors and, 519-523 
tumor-bearing patients' response to, 507-515 

Lymphoid cells 
in adoptive immunotherapy of disseminated 

FBL-3 lymphoma, 193-195 
in adoptive immunotherapy of murine and 

human tumors, 191-206 
with antitumor reactivity from autologous 

human tumor cells, 198-201 
in interleukin-2, 192-195,205-206 

Lymphoid clones, generation of with in vitro 
reactivity to TBL-3 lymphoma, 195-198 

Lymphokine(s) 
in cancer therapy, 513 
central nervous system and, 313-322 
chemistry and biological activity of, 279-281 
choice of in cancer therapy, 513-514 
defined, 515 
endocrine approach to, 307-308 
factor term and, 308 
hydrophobic, 269-270 
lymphoid cell line. 507-515, 519-523 
modulation of O2 production by, 338-342 
monoclonal antibodies to, 307-312 
as nonantibody proteins, 515 
and oxidative metabolism of macrophages, 

338 
skin inflammatory reactions and, 401 

Lymphokine-activated killer cells, 199 
Lymphokine antibody activity, screening for, 

309-310 
Lymphokine injections, glucocorticoid axis and, 

314-315 
Lymphokine macrophage activation factor 

case histories in trials of, 406-408 
phase I trial of, 401-411 

Lymphokine monoclonal antibodies, 307-312 
Lymphokine production, in aging, 285-293 
Lymphokine-purification reagents, monoclonal 

antibodies as, 311-312 
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Lymphokine research, endocrinology in, 307 
Lymphokine strategies, and choice of study 

design, 515 
Lymphoma 

from Moloney leukemia virus, 215 
syngeneic, 192, 197 

Lymphoma cell lines, 217 
Lymphotoxin(s), 223-232 

activity quantitation for, 225 
anticancer action of, 357-364 
bioassays for, 236 
biological action of, 241 
biological and biochemical heterogeneity of, 

358 
defined, 223, 235 
human, see Human Iymphotoxin(s) 
interferon action with, 241-243 
as lytic effectors in cell destructive reactions, 

223 
molecular weights of, 224, 238 
purification of, 237 
sources for, 236-239 
tumorogenic cell exposure to, 359 
two classes of, 359 

Lymphotoxin class II, 359-360 
a-Lymphotoxin(s) 

Human interferons and, 231 
purification of from IR3.4 supernatants, 

226-229 
a-Lymphotoxin fraction, migrations of 

bioactivity and radioactivity of, 228 
a-Lymphotoxin-secreting human lymphoid cell 

lines, 225 
Lysozyme, antisera against, 135 

Macaca fasciculoris. 366 
Macrophage(s) 

activated, 335 
antimicrobial activity of, 335 
bone marrow-derived, 349-350 
Iymphokine action on, 335-344 
NADPH oxidase in, 344 
oxidative metabolism of, 338 
plasminogen activator production and, 

347-352 
protease peptone-elicited, 353 
thioglycollate-induced, 353 
thymosin in restoration of depressed function 

in, 436 
thymosin 134 and, 123 
young vs. mature, 354 

Macrophage activation factor 
assays for, 402 
biological effectiveness of, 

409-410 
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Macrophage (com.) 

doses of. 403-404 
from RPMI 1788 supernatant. 403 

Macrophage growth factor. 347 
Macrophage migration inhibitory factor. see 

Migration inhibitory factor 
Macrophage phenotypes. modulation by 

migration inhibitory factor. 347-354 
Macrophage superoxide production. Iymphokine 

modulation of. 335-344 
MAF. see Macrophage activation factor 
Major histocompatibility complex antigens. 44 
Malignant solid tumors. lymphoid cell 

Iymphokines in treatment of. 519-523 
Malnutrition. thymic function and. 464 
MASELA (microculture antibody synthesis 

enzyme-linked assay). 297-299 
Me2-PGE2 (I6.16-dimethyl-PGE2-methyl ester) 

administration. AZ sensitivity and. 413-415 
Methylcholanthrene-induced sarcomas. thoracic 

duct lymphocytes in regression of. 191 
MHC. see Major histocompatibility complex 
Mice. see also AKR mice; db/db mice; Mouse; 

nu/nu mice 
alloxan-diabetic. 441 
host defenses to leukemia in. 463-468 
immunosuppressed. see Immunosuppressed 

mice 
nutritionally stressed. 463-468 

Microculture antibody synthesis enzyme-linked 
assay. 297-299 

cellular interactions in. 300 
Mid-Atlantic Oncology Program. 611 
MIF. see Migration inhibitory factor(s) 
Migration inhibitory factor(s) 

BM macrophages and. 349-351 
as differentiation signal. 354 
in Hodgkin's disease. 566 
in LK preparations. 522 
macrophage phenotype modulation by. 

347-354 
molecular weights of. 347 
sensitivity to. 349 
terminological aspect of. 397-398 
and thymosin effect on cell-mediated 

immunity. 439-440 
Migration inhibitory factor-responsive 

macrophage phenotype. 348-350 
Mitogen factor. 347. see also Macrophage 

activation factor 
Mitogenic signals. in PA induction. 353 
Mitogen-induced T-cell proliferation. IL-2 effect 

on. 527-528 
Mixed lymphocyte culture. thymosin fraction 5 

and. 590 

INDEX 

Mixed lymphocyte tumor cultures. 200-201 
Mixed lymphocyte reaction. 27 
MLA 144 cell line. 3. 271 
Molecular weight determination. of 

immunoreactive thymosin a" 169 
Moloney leukemia virus. 215 
Monoclonal antibodies 

human thymic epithelial antigen recognized 
by. 47 

in identifying of human endocrine thymic 
epithelium antigens. 43-54 

as Iymphokine-purification reagents. 307-312 
new antigens of thymic stromal elements 

defined by. 51-52 
Monoclonal antibody A2B5. 44-45. 53 

thymic epithelia reactivity with. 47 
Mouse IgM response. against thymus-dependent 

antigen. 150. see also Mice 
Mouse immunoprophylactic study. summary of. 

490 
Mouse thymic cortical epithelial cell process, 

electron micrograph of, 140 
Mouse thymic lymphoma, thymic 

microenvironment and, 155-156 
Mouse thymic subcapsular epithelial cells, 

electron micrograph of, 141 
Mouse thymus 

electron microscopy of. 139 
light microscopy of, 137-139 

MPs. see Macrophage(s) 
mRNA 

peripheral blood lymphocytes and. 9 
from T-cell growth factor, 252-254 

mRNA coding. for thymosin 13 •• 17 
Multiple sclerosis, TFX-Polfa treatment in, 55 
Muranyl dipeptide. 484 
Murine lymphocytes. changes of with age. 290 
Murine tumors. lymphoid cells in adoptive 

immunotherapy of. 191-206 
Mushroom toxin, as RNA polymerase B 

inhibitor, 100 
MW 3108 peptide. thymosin al as. 155 
Myasthenia gravis patients. in thymosin al 

studies. 112, 117 
Myasthenia gravis thymic epithelium, HTL V 

proteins in, 49-51 

NADPH oxidase, in activated macrophages. 344 
NAMALWA lymphoblastoid cell line. 402 
Nanjing Associated Group for Study of Thymic 

Hormones. 542 
National Cancer Institute. 498 
Natural killer cell destruction. Iymphotoxin 

amplification of tumor cell sensitivity to. 
362 
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Neoplastic T-cell lines, interleukin-2 production 
from, 308 

Nonlymphoid thymic microenvironment, MHC 
antigen expression of, 44 

Nonneuroendocrine thymic stroma, 51 
Nonnuclear phagocytes, IL-I release to, 257 
nulnu mice, see also Athymic mice; Mice 

pituitary concentrations of FSH and LH in, 
327-328 

splenic lymphocytes of, 211-214, 218,475 
Nutritionally stressed mice, thymic fraction 5 vs. 

leukemia in, 463-468 
Nylon wool-adherent T cells, separation of, 

448-451 
Nylon wool fraction, IL-3 splenocyte production 

after, 476-477 

OKT3, in lung cancer treatment, 603, see also 
Helper T cells 

OKT4/0KT8 ratio 
in AIDS patients, 618-620 
in lung cancer, 603, 611 
in rheumatoid arthritis, 584 

Oligodendrocytes, thymosin ~4 in, 119-124 
Oocyte degeneration, thymus role in, 

330-331 
Orthomune antibodies, 108 
Oxygen ion production, by guinea pig peritoneal 

macrophages, 336-340 

P388DI cell line, 257 
PA, see Plasminogen activator 
PBL, see Peripheral blood lymphocytes; see also 

Lymphokine-activated killer cells 
Peanut agglutinin 

antisera against, 136 
chicken bone marrow cells and, 376-379 

PEG, see Polyethylene glycol 
PEG-CIC, see Circulating immune complexes 
Pellicon Cassette filtration system, 3-4 
Peptidyl-polyamines, synthesis of, 94 
Percoll gradient centrifugation, 349 
Peripheral blood lymphocytes, see also 

Lymphocyte(s) 
antithymosin aI-reactive, 113 
enrichment of, 289-290 
human activated killer cells from, 199 
lysis of fresh autologous tumor cells by, 

205-206 
in rheumatoid arthritis, 580-582 
source of thymosins on, 116-117 
staining of for thymosin a I and ~4' 112 
TCGF and, 9 

Peripheral blood mononuclear cells, 470 
PGE2, see Prostaglandin E2 
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PHA, see Phytohemagglutinin 
Pharmacology, in vivo actions and, 489-494 
Phorbol ester, substitution for monocytes, 

386-387 
Phorbol myristate acetate 

JURKAT cell line and, 3 
mouse macrophages and, 336 
in 0, production, 338 
in supernatant production from IR3.4 cell 

line, 225-229 
T-cell growth factor and, 9, 248 

Physiological involution, 65 
Phytohemagglutinin 

in IL-2 activity assay, 259 
JURKAT cell line and, 3 
thymostimulin and, 566-567 
in T lymphocyte growth, I 

Phytohemagglutinin-stimulated lymphocytes 
DNA synthesis in, 385-386 
IL-2 receptor and transferrin receptor 

induction in, 387-388 
pI b subfraction, isoelectric focusing analysis of, 

149 
pI c subfraction 

concentration-dependent inhibitory effect on 
[3Hl-TdR incorporation of cytolytic T cells, 
145, 150 

isoelectric focusing analysis of, 149 
Pituitary responses, to thymosin and 

thymectomy in prepUbertal primates, 
365-373 

Plaque-forming cell assay, 457 
Plasma antitetanus antibody levels, in antibody 

synthesis, 302 
Plasmacytoma MOPC-315, growth of in Balb/c 

mice, 445 
Plasminogen activator 

macrophages in production of, 

MIF and, 347 
mitogenic signals in induction of, 

353 
PMA, see Phorbol myrisate acetate 
Pneumocystis carinii, 69, 73, 525 
PNP, see Purine nucleotide phosphorylase 
Pokeweed mitogen, in antibody synthesis, 

297-299 
Polyethylene glycol, 3 
Polypeptide 131. purification and chemical 

characterization of, 25 
Polytron homogenizer, 78 
Porcine thymic immunomodulation, in hepatitis 

B treatment, 541-543 
Porcine thymic peptides, in fulminant viral 

hepatitis, 531-540 
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Prepubertal primates, pituitary responses to acute 
administration of thymosin and to 
thymectomy in, 365-373 

Primary lung cancer, see also Cancer; Lung 
cancer 

survival time in, 557 
TFX-Polfa in treatment of, 551, 556-560 

Primordial follicle degeneration, gonadotropins 
and, 331 

Prolactin, in prepubertal primate studies, 368 
Proliferative cells, with reactivity to syngeneic 

lymphoma, 197 
Pronase, in plasminogen activator production, 

351 
Prostaglandin E2 

AZ rosette inhibition assay and, 414 
radioimmunoassay for determination of, 414 

Prostaglandin metabolism, thymic hormone 
action in, 490 

Prostaglandins, thymic hormone interactions 
with, 413-418 

Protein-malnourished mice, thymosin treatment 
against Ll210 leukemia cell growth in, 
465-466, see also Mice 

Protease peptone-elicited macrophages, 353 
Protein purification and modification, in 

JURKAT cell h-TCGF, 182 
Prothymocytes, from bone marrow stem cells, 

209 
PTGC polysulfone membrane filter, 3 
Purine enzymes, thymosin fraction 5 effect on 

in AIDS patients, 615-620 
Purine nucleotide phosphorylase, 615, 620, 

633 

RA, see Rheumatoid arthritis 
Radiation Therapy Oncology Group, 611 
Radioimmunoassay, in thymosin fraction 5 

analysis, 28 
Radiolabeled tumor cells, tissue distribution of, 

434 
RAS, see Recurrent aphthous stomatitis 
Rat and mouse cells, thymosin J3. synthesis in, 

84 
Rat and mouse tissues, thymosin J3. peptides in, 

79 
Rat brain, thymosin aI-like immunoreactivity in, 

320 
Rat spleen poly(A) RNA, sucrose density 

gradient analysis of, 86 
Rat thymus, light microscopy of, 139-140 
Recombinant a-interferon, in E. coli expression 

system, 497 
Recombinant DNA technology, thymic peptides 

and, 177 

INDEX 

Recurrent aphthous stomatitis, TFX-Polfa and, 
555-556 

Renal cancer, thymosin fraction 5 in treatment 
of,587-590 

Replica plating techniques, 195 
Reproductive defects, hormonal basis of in 

athymic mice, 326-328 

Reproductive function, thymus gland and, 
325-326 

Retinoic acid, macrophage migration and, 351 
Reverse-phase liquid chromatography 

monoclonal antibodies and, 311 
of purified Iymphotoxin, 240 
silicic acid and, 265 
and terminal amino acid sequences of h

TCGF, 183-184 
Rheumatoid arthritis 

OKT3 reactions and, 583 
peripheral blood lymphocytes in, 580-582 
TFX-Polfa in treatment of, 553 
thymosin effect in, 579-584 

RNA synthesis, lymphocyte proliferation and, 
286 

RPM! 802 Iymphokines, in malignant solid 
tumors, 520-522 

RPM! 1640 cell line, 225, 227, 357,414 
RPM! 1788 cell line, 224, 230, 235, 238, 240, 

361-363, 401 
immunopharmacological implications for 

injection of, 511-512 
intravenous injection response to, 510 
local vs. systemic responses to injection of, 

512-513 
long-term systemic administration of, 515 
macrophage activation factor for, 403 
malignant solid tumors and, 519-523 
preparation of, 508 
tumor-bearing patients' response to, 507-515 

RPM! 2650 nasopharyngeal carcinoma cells, 361 

SA, see Silicic acid 
SCID, see Severe combined immunodeficiency 

disease 
SDIP, see Spleen-derived immunosuppressive 

peptide 
Serotonin, corticotropin-releasing factor and, 

322 
Serum thymic factor receptors. in diabetic mice, 

459 
Serum thymic-like activity assays, 413-414 
Severe combined immunodeficiency disease, 

623-627 
T-cell antigens and bone marrow cells in. 625 
T-cell differentiation block in. 623-627 

Sezary syndrome, 13 
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SGIF, see Small-molecular-weight growth 
inhibitory factor 

Sheep red blood cells 
antibody response to, 483 
mouse IgM response to, 150 
in severe combined immunodeficiency 

disease, 623 
Silicic acid, in adsorption chromatography, 265 
Silicic acid batch adsorption, in interleukin-2 

purification, 265-271 
SISF, see Soluble immunosuppressive factors 
Skin 

antithymus 134 in, 120-121 
light microscopy of, 139-140 

Skin test reactivity, thymostimulin effect in, 567 
Small-molecular-weight growth inhibitory factor 

in stationary-phase supernatants of tissue 
cultures, 421-423 

Soluble immunosuppressive factors, 145 
Spermidine, 89-94 

defined, 92 
peptide derivatives of, 89-94 
in thymosin fraction 5, 93-94 

Spermine, 89-94 
defined, 92 
peptide derivatives of, 94 
in thymosin fraction 5, 93-94 

Spinal cord, antithymosin 134 and, 122 
Spleen cells, in vivo GvH reaction induction by 

151 
Spleen-derived immunosuppressive peptides, 

145-152 
Splenocytes, absorptive capabilities of. 478 
STA, see Serum thymic-like activity 
Stationary-phase supernatants, 421-423 
20-a-Steroid dehydrogenase, 475 
Stress involution, 65 
Subfraction T4-P2, 145. 148-149 
Surface antigens, and nonlymphoid component 

of thymic microenvironment, 43-44 
Syngeneic lymphoma, cloning of proliferative 

cells with reactivity to, 194 
Syngeneic tumor, adoptive immunotherapy of, 

192 
Synthetic small thymic peptides, as 

immunoregulatory concept, 97-108 
Synthetic thymosin a" in lung cancer treatmen1 

601-611, see also Thymosin a, 
Synthetic thymulin. see also Thymulin 

activity of, 91 
pentapeptide sequence in, 104 
in synthesis of model peptidyl-polyamines, 9· 

Syrian hamster Iymphotoxin 
anticancer actions of, 357-358 
isoelectric focusing of, 359 

T4P2 subfraction, isoelectric focusing of on 
Ampholine gradient, 149 
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TAC, see T-Iymphoid cell-surface antigen 
Tac antigen, 272-277, see also Interleukin-2 

receptor 
T-cell differentiation 

sequence in, 209 
thymic microenvironment for, 209 
thymosin 134 effect on, 116-119 

T-cell differentiation block, in severe combined 
immunodeficiency disease, 623-627 

T-cell functions, thymulin and, 594 
T-cell generation, interleukin-2 in, 209 
T-cell growth factor, 247-255, see also Human 

T-cell growth factor; Interleukin-2 
absorption and elution of from controlled-pore 

glass, 4-5 
amino acid composition and sequence analysis 

in, 248-250 
cellular proteins reactive with, 252 
cellular receptor for, 251-252 
defined, I, 181, 249 
high-affinity binding of, 251 
HTL V injection of, 12-13 
immunoaffinity purification of, 181-188, 248 
internalization and degradation of, 251 
JURKAT cell line and, 182,248 
leukemic cell line in production of, 161 
molecular cloning of human gene for, 7 
molecular weight of, 181 
mRNA from, 252-254 
from oocytes injected with JURKAT mRNA, 

253-254 
from PHA-stimulated JURKA T cell 

supernatant, 182 
physiological role of, 251-252 
production of, 2, 161 
purification and biochemical characterization 

of, 2-6, 181-188, 248-250 
receptor synthesis for, 2 
renaming as "interleukin-2," 395-397 
reverse-phase high-performance liquid 

chromatography of, 6 
synthesis of by human T cells, 8-9 
in T-cell immune response, 247 
structural organization of, 7-8 

T-cell growth factor receptor, expression of, 
12-13 

T-cell lines 
neoplastic, 308 
20aSDH and, 211 
thymosin a ,-like material produced by, 

155-161 
T-cell markers, expression in chicken bone 

marrow precursor cells, 375-381 
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T-cell maturation 
thymosin peptide role in, 32-33 
thymosin (Xl in, 127 

T-cell mediated immune system, thymus gland 
as part of, 69 

T-cell number, modulation of by thymic 
hormones, 72 

T-cell proliferation, interleukin-2 regulation of in 
homosexuals with AIDS, 525-528 

T-cell replacing factor, MIF and, 347 
T-cell response, as two-step process, 1-2 
TCGF, see T-cell growth factor 
TdT, see Terminal deoxynucleotidyl transferase 
TE-4, see Thymic epithelium 
TE-7, see Thymic stroma 
Terminal amino acid sequences, of intact h

TCGF, 183-184 
Terminal deoxynucleotidyl transferase 

malnutrition and, 464 
positive prothymocytes of, 635 
thymosin (Xl in expression of, 165 

Terminology, conceptualization and, 395-398 
Tetanus toxin, binding of in neuroendocrine 

family of cell types, 44 
Tetramethylammonium chloride, 4 
TFA, see Trifluoroacetic acid 
TF5, see Thymosin fraction 5 
TFX-Polfa thymus extract 

in autoimmunoaggressive syndromes, 
550-553 

biological properties and uses of, 545-561 
in chronic lymphocytic leukemia, 556 
clinical studies with, 558-559 
in colorectal cancer, 560 
in Hodgkin's disease, 556 
in vitro and in vivo activities of, 546 
in multiple sclerosis, 555 
purification and chemical characterization of, 

546 
rationale for clinical trials with. 548-549 
in recurrent aphthous stomatitis. 555-556 
in rheumatoid arthritis, 553 
in virus B hepatitis. 553-555 

TGase, see Transglutaminase 
T helper cell activity. induction and in vitro 

titration of. 447-448 
Thioglycollate-induced macrophages. 353 
Thoracic duct lymphocytes, in regression of 

solid methylcholanthene-induced sarcomas, 
191 

Thy-I cells, interleukin-3 and. 212, 219 
Thymectomy 

cortisol and thymosin (Xl levels before and 
after, 371-372 

pituitary responses to in prepubertal primates. 
365-373 

INDEX 

Thymic control 
immunoreactive thymus-derived or associated 

molecules in, 175 
major mechanism of, 175 

Thymic epithelial cells, thymic polypeptide 
localization in, III 

Thymic epithelial injury, in AIDS, 61-66 
Thymic epithelial surface antigens 

thymic hormone distribution and, 44-47 
tissue distribution of. 52 

Thymic epithelium 
anti-pl9 reactivity with. 48-49 
monoclonal antibodies and. 5 I 

Thymic factor TISF-ICIG 1991. 145 
Thymic function 

AIDS and. 175 
Me2-PGE2 effects on. 415-417 

Thymic hormones. see also Thymic peptides 
clinical application of, 629-636 
functions of. 175-177 
in hepatitis B treatment. 541-543 
as immunoregulatory molecules. 176 
interaction with prostaglandins. 413-418 
in vitro lymphocyte reactivity and. 631 
isolation of, 89 
in modulation of T-cell number and function, 

72 
and PGE2 release by lymphocytes, 416-417 

Thymic-hypothalamic interaction. hypothesis 
for. 330-332 

Thymic microenvironment. in thymic lymphoma 
develoment in mice, 155-156 

Thymic peptides. see also Thymic hormones; 
Thymosin(s) 

and athymic mice reproductive function. 
325-326 

biological activities of, 102-104 
and hypothalamic-pituitary function, 325-333 
localizing of in thymic epithelial cells. III 
in LRF-LH regulation. 331 
protein fragmentation and sequence analysis 

for. 184-185 
structure of. 177 
synthetic small. 97-108 

Thymic precursor proteins and polypeptides. 
generation of immunoregulatory signal 
peptides from. 107-108 

Thymic stroma 
new antigens of. 51-53 
nonneuroendocrine. 51 

Thymic tissue. spermidine and spermine in, 
89-95 

['HjThymidine. incorporation in DNA, 90 
Thymocyte differentiation, glucocorticoids and, 

365 
Thymocytes, DNA synthesis of. 145. 149 
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Thymone A, B, and C, 91-92 
Thymopoietins 

active pentapeptide of, 103 
from calf spleen, 161 
cAMP level and, 491 
immunocytochemical localization of, 135-142 
in TL and Thy-I antigen expression, 375 

Thymosin(s), 21-33 
abnonnal levels of in AIDS, 69 
antibody synthesis and, 299-300 
antiserum to, 140 
biological properties of, 31-32 
from calf thymus, 366 
in cell-mediated immunity, 439-443 
central nervous system and, 313-322 
defined, 21, 140 
from diabetic autoimmune db/db mice, 

455-460 
and E-rosette fonninc cell assay, 580 
immunocytochemical localization of, 135-142 
intracerebral injection of, 317-319 
in vivo effect of on cell-mediated immunity, 

439-443 
isolation and structural studies of, 22-28 
nomenclature of, 22-23 
phylogenetic distributions for beta fonns of, 

80-83 
pituitary responses to acute administration of, 

365-373 
in restoration of depressed function of 

macrophages, 436 
in rheumatoid arthritis, 579-584 
structures for beta fonns of, 80-83 
in T lymphocyte maturation, 365 

Thymosin-induced corticogenesis, CNS site of, 
315-319 

Thymosin injections 
glucocorticoid axis and, 314-315 
intracerebral, 317-319 

Thymosin 6-positive macrophages, in lymphoid 
tissues and organs, 140 

Thymosin a. 
abnonnallevels of in AIDS, 57-60 
action at early and late stages of thymocyte 

maturation, 32 
amino acid sequence of, 24 
analogs and stereoisomers of, 129-134 
in animal models, 425-437 
B26 melanoma and, 429-432 
biological activity of, 99, 101-103 
biological properties of, 31 
biosynthesis of, 77 
bone marrow progenitor cells and, 437 
bovine, see Bovine thymosin a. 
in brain tissue, 319-320 
from calf thymus, 172 

cGMP levels and, 446 
in corticosterone production, 316 
Ddz-amino acids in synthesis of, 97 
defined, 155 
in DTH response restoration, 427-429 
efficiency of in animal models, 425-437 
E-rosette fonning cells and, 446 
5-FU damage and, 427-431 
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generation of immunoregulating signals from, 
107-108 

helper cell activity enhancement by, 447-450 
HPLC purification of, 129-132 
and human peripheral blood lymphocytes as 

markers, III-117 
immunoreactive, see Immunoreactive 

thymosin a. 
immunoregulatory T lymphocytes and, 

445-452 
isoelectric focusing gel for, 29 
in lung cancer treatment, 601-611 
lysine residues in, 101-102 
as Na-acetyl octocosapeptide, 127 
nonthymus-mediated, 73 
in nonnal and leukemic AKR mouse serum, 

156 
from other species, 27-28 
preparation of, 128 
purification and chemical characteristics of, 

23-24 
radioimmunoassay for, 165 
recombinant DNA procedures for, 29 
in sera of human lymphoma patients, 159 
staining of PBL for, 112 
synthetic, 97-100, 128-134 
synthetic analysis of, 28-30 
synthetic elements and analogs of, 100--102 
in T-cell maturation, 127 
in TdT expression, 165 
in thymosin fraction 5, 105 
total synthesis of, 98-99 

Thymosin a. COOH-tenninal peptides, physical 
properties of, 132 

Thymosin a. H-peptide-OH fragments, circular 
dichroism spectra of, 131 

Thymosin a.-like material, production by T-cell 
lymphomas, 155-161 

Thymosin a.-positive peripheral blood 
lymphocytes, histograms of, II5 

Thymosin a.-positive T cells, in myasthenia 
gravis patient, II7 

Thymosin a. precursor, from embryonic calf 
thymus, 105-106 

Thymosin a7 
biological properties of, 31 
and human peripheral blood lymphocytes as 

markers, III-II7 
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Thymosin a7 (cont.) 
purification and chemical characterization of, 

25 
Thymosin Ih, 25-27 
Thymosin ~4 

amino acid sequence for; 24, 27 
biological properties of, 31 
biosynthesis of, 83-87 
cell-free synthesis of, 84-87 
defined,77 
distribution and biosynthesis in vertebrate 

cells and tissue, 77-88 
functions of, 87 
in human brain oligodendrocytes, 1I9-124 
and humim peripheral blood lymphocytes as 

markers, 1I1-117 
hypothalamic-pituitary function and, 332 
immunocytochemical localization of, 119-124 
immunoprecipitated translation product and, 86 
isolation of peptides related to, 78-83 
Langerhans cells and, 123 
mRNA coding for, 87 
from other species, 28 
purification and chemical characterization of, 

24-25 
synthesis of, 30-31, 83-84 
synthetic analogs of, 28-30 
in T-cell differentation, 116-119 
as thymic hormone, 87 

Thymosin ~4 conformation, prediction of, 26 
Thymosin ~4 peptides 

in chicken bursa of Fabricius, 80 
in fresh calf thymus, 78-79 
isolation of, 78-83 
in lizard and toad livers, 80 
in rat and mouse tissues, 79 

Thymosin ~8 
amino acid sequence for, 27 
biological properties of, 31 
isolation of, 27 

Thymosin ~9 
amino acid sequence of, 27 
biological properties of, 31 
homology with thymosin ~\O, 79 
isolation of, 27 

Thymosin 1310 

methionine in, 79 
synthesis of, 87 

Thymosin fraction 5 
ACTH release and, 317 
adrenal axis stimulation by, 317 
aging and, 301-303 
in AIDS, 615-620 
antibody synthesis and, 297-304 
biological properties of, 31 

Thymosin fraction 5 (cont.) 
cAMP level and, 491 

INDEX 

and cell-mediated responses of alloxan
diabetic mice, 441 

in cellular immunodeficiency disorders, 
571-577 

in combined immunodeficiency disease, 
575-576 

corticosterone production and, 316 
defined,21 
in DiGeorge syndrome, 571-572, 575 
glutathione in, 90 
gonadotropin-releasing hormone and, 365-366 
in host defenses to leukemia in nutritionally 

stressed mice, 463-468 
immunomodulatory effect of, 615 
intracerebroventricular injection of, 318-319 
isoelectric focusing of, 23, 29-30 
LRF secretion and, 329 
mixed lymphocyte culture and, 590 
PHA stimulation and, 589 
polyamines in, 93 
preparation of, 22 
purification and chemical characterization of 

component polypeptides in, 23-27 
in renal cancer treatment, 587-590 
spermine and spermidine in, 93-94 
in Thy-I and Lyt antigen expression, 375 
thymosine at in, 105 
thymosin ~4 from, 77, 1I9 

Thymosin fraction 5 injection 
corticosterone concentration and, 318 
immunological assay inhibition and, 319 
luteinizing hormones and, 318 
and serum corticosterone in Wistar rats, 315 

Thymosin fraction 5A, 22, 27 
Thymosin-induced immunoregulation, model of, 

321 
Thymosin level, in AIDS, 69-74 
Thymosin-positive peripheral blood 

lymphocytes, function of, 1I6 
Thymosin treatment protocol, in cellular 

immunodeficiency, 574-575 
Thymostimulin 

ClqB-ELISA test of, 568-569 
E rosette-forming cells and, 566 
in Hodgkin's disease, 565-569 
PHA and, 566-567 
skin test reactivity to, 567 

Thymulin, 37-40 
amino acid sequence of, 37-38 
binding affinity studies of, 39-40 
chemistry of, 38-39 
clinical aspects of, 593-599 
clinical indicators of, 596-598 
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Thymulin (cont.) 
clinical pharmacology of, 595-596 
clinical trials of, 598-599 
defined, 37, 593 
dosage in, 595 
effects of, 375 

half-life of, 595 
molecular weight of, 593 
prediction of, 593 
synthesis of, 38 
synthetic, 91, 94, 104 
T-cell functions and, 594 
toxicity of, 595 
two forms of, 37-38 
zinc presence in, 39-40 

Thymulin analogs, synthesis of, 39 
Thymulin biology, 583-595 
Thymulin molecule, zinc-dependent antibody 

binding sites in, 40 
Thymus-dependent leukocytes, mitotic activity 

in, 365 
Thymus-dependent lymphocytes, see T 

lymphocytes 
Thymus-derived immunosuppressive peptides, 

145-152 
Thymus function, malnutrition and, 464 
Thymus gland 

from AIDS patients, 63-64 
antithymosin (3. in, 120 
in atresia, 330-331 
atrophy of, 366 
as fetal and juvenile organ, 366 
human, 63-64, 157-158 
polypeptide hormones produced by, 37 
reproductive function and, 325-326 
T-cell-mediated immune system and, 69 
thymic epithelial surface antigens and thymic 

hormones distribution in, 44-47 
thymosin from, 21 
thymulin in, 37 

Thymus growth, nutrient intake and, 463 
Thyrotropin, in prepubertal primate studies, 368 
Tissue culture growth, self-destruction in, 421 
T lymphocytes 

adrenal glucocorticoids and, 365 
effector functions of, 321 
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T lymphocytes (cont.) 
immunoregulatory, see Immunoregulatory T 

lymphocytes 
malnutrition and, 464 
nutrient intake and, 463 
thymosins in maturation of, 365 

T -lymphoid cell surface antigen, 12 
TMAC, see Tetramethylammonium chloride 
TP-1, see Thymostimulin 
Transferrin receptor induction 

IL-2 receptors and, 388-392 
in PHA-stimulated lymphocytes, 387-388 

Transglutaminase, migration inhibitory factor 
and, 348-353 

Transplantation thymotherapy, 545 
Triftuoroacetic acid, 5-6 
TI thymus-specific antigen, in chicken thymus, 

375-376 
Tumor-bearing patients 

interleukin-3 production and action in, 
475-480 

response to lymphoid cell line Iymphokine 
injection, 507-515 

Tumor growth 
circulating immune complexes in, 469-471 
interleukins and, 469-473 

Tumorigenic cells, exposure to Iymphotoxins, 
359 

Tumors, malignant solid, 519-523 
20a-SDH, see 20-a-Hydroxysteroid 

dehydrogenase under H entries 

Ubiquitin, polypeptide 131 and, 25 
Ultrafiltration, of Cohn fraction IV-I, 167-169 
Urine glucose levels, in db/db mice. 457 

Vesicular stomatitis virus, 500 

WEHI-3 growth factor activity. 212. 219 
Wiskott-Aldrich syndrome. 571 

Xenopus /aevii. 279 
X-radiation, treatment of mice with, 425-437 

Zinc, in thymulin molecule, 39 
Zinc-dependent antibody binding sites, 40 




