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PREFACE

Over the past decade many of the key lymphokines, hormones and growth

factors that help regulate the immune system have been defined. These

molecules, termed biological response modifiers (BRMs) , have been sequenced,

synthesized and produced in large enough quantities to test in animals and

humans resulting in the development of new approaches to the treatment of

human disease, in particular, cancers and infectious diseases. Advances in

this area have also led to rethinking therapies against a range of autoimmune

disorders and other diseases associated with immune and endocrine imbalances.

BRMs currently are being applied clinically as both primary and adjunctive

therapy to enhance the effectiveness of traditional treatments by maximizing

their activities and to protect critical tissues against intolerable

chemotherapeutic and radiation damage.

Present constraints against the use of BRMs revolve around the nature of

these substances in vivo, where many of their actions and the majority of

their interactions and synergies remain to be elucidated. For example, as

these molecules are thought to exert their effects locally, the systemic

administration of lymphokines, cytokines and growth factors at doses adequate

to produce a wanted anti-tumor effect in many instances is intolerably toxic.

Efforts to overcome this formidable problem have led scientists to begin to

explore the transfer of genes known to encode for these molecules into cells

which otherwise inadequately elicit or produce anti-tumor or anti-infective

responses.
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The decade of the 1990's offers prospects for the integration of immune

augmentation and hematopoietic and gene regulation that will have broad

implications for both basic scientists and clinical investigators. The

majority of BRMs appear to be central to normal cellular functions which, when

dysregulated by the effects of an infectious agent or the unknown events

leading to the formation of neoplasia, themselves exacerbate the disease

process. The cautious use of BRMs in human disease conditions and the newly

emerging data suggesting that BRMs may synergize are expanding knowledge of

their use and, at the same time, opening windows on the underlying mechanisms

utilized by neoplasia and infectious agents to evade destruction by the immune

system. The growing ability to intervene in these dysfunctions with one or

more BRMs in combination with the other BRMs or conventional therapies is

rapidly expanding the body of knowledge concerning the ways in which the

immune system is regulated.

To advance the understanding of the role of BRMs in these schemes, the

first International Symposium on Combination Therapies was held on March 14

and 15, 1991, at The George Washington University in Washington, D.C.,

sponsored by the Institute for Advanced Studies in Immunology and Aging in

collaboration with the George Washington University School of Medicine and the

University of Rome "Tor Vergata." The symposium brought together outstanding

international researchers with a variety of diverse interests in the field of

BRMs. The program included reports of experimental and clinical work in

cancer and infectious diseases, as well as basic research elucidating the

ever-widening range of BRMs. The book is divided into 5 sections.

The first section of the book details several of the preliminary results

of novel clinical approaches by Drs. Garaci, Gale and Fefer using BRMs in

combination with either chemotherapy or bone marrow cells in the treatment of

far advanced cancers and as a means to reduce relapses following bone marrow
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transplantation. This section also includes an important chapter by Weinstein

on new concepts for designing and analyzing experiments utilizing combination

therapies.

The second section of the book reports on clinical progress in the use

of BRMs alone and in combination with conventional therapies in the treatment

of renal cell carcinoma, malignant melanoma, breast cancer, lung cancer,

multiple myeloma, colorectal carcinoma, head and neck cancer and a number of

other advanced cancers. This section would be of particular interest to

clinicians who are interested in the toxicities, pharmacokinetics and possible

applications of single and/or combined BRM therapies in the treatment of

refractory malignancies after intensive chemotherapy.

The third section of the book deals with the use of BRMs as therapy for

viral infections. Therapy of cancers and chronic viral infections share many

problems which are being elucidated by advanced technology and the rapidly

expanding knowledge of immune mechanisms. As well as proving valuable against

a range of cancers, BRMs are being studied as primary and adjunctive therapy

and for prevention of viral and fungal infections.

One example of this growing knowledge is seen in the chapter by Cassone

that describes the BRM-like properties of two protein constituents of Candida

albicans, one of which causes T cell proliferation, while the other appears to

be responsible for the opposite effect. The production of cytokines in

Candida infection, once thought to be caused by monocytes, was described as

due to the stimulatory antigen moiety of the pathogen.

Novel studies reported in this section include the report by Lopez

Berenstein of the use of liposomal constructs for the treatment of systemic

fungal infections and that of Hsia documenting the potential use of aspirin as

a BRM by virtue of its action in inhibiting prostaglandin production by the
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macrophage resulting in upregulation of T-cells. The synergism between many

anti-HIV drugs and the targeting of several of the viruses' life cycle stages

will allow lower doses of anyone drug, which should result in lower toxicity

and better outcomes than those obtained by single drugs directed against one

site.

The use of the thiol immunomodulator, DTG and the cyanoaziridine

compound, Imexon, was described by Hersh as being able to prevent the

development of disease in MAIDS (murine retrovirus-induced immunodeficiency

and to reverse infection when administered later. The substances were shown

to be synergistic with AZT in clinical trials of patients with symptomatic HIV

infection and caused improvement across a wide range of symptoms. The treated

patients were reported to have had a significant reduction of opportunistic

infections.

Several interesting chapters in this session featured the use of various

thymic hormones. One by Ershler describes the use of thymosin alpha I as an

adjuvant which has been shown to enable elderly persons to respond to

influenza vaccine. Vaccines cannot "take" in many older persons because of

their decreased ability to produce various T cell cytokines and thus,

antibodies. A Phase II study using thymosin alpha I in patients with chronic,

active hepatitis B infection was described by Mutchnick. Seventy-five percent

of patients treated with thymosin alpha I as opposed to 25 percent of controls

achieved complete remission for as long as 2 years of follow-up. This

compares very favorably with Q interferon where less than a 40% response rate

is seen. In addition, there was no toxicity or significant side effects of

thymosin treatment.

The fourth section of the book analyzes what is known about the

mechanism of action of BRMs. Several interesting papers discussed new

approaches based upon the modulation of immune responses. For example,

differences in response rates to standard chemotherapeutic and radiation



regimens are well known, with a percentage of patients achieving and remaining

in remission, while others relapse. Harris detailed the differences in

tumorcidal function by macrophages and monocytes; when the cells of patients

with ovarian and non-small cell lung cancers and those with endometritis and

non-malignant lung disease are stimulated by a battery of growth factors and

lymphokines, those with cancers were found to have significantly less

activity. The apparently abnormal tumorcidal activities of cells from cancer

patients could be overcome by a mouse monoclonal antibody directed against the

CD3 epitope, by co-cultivation with allogenic lymphocytes and by the addition

of indomethacin, a prostaglandin antagonist.

In his chapter Schreiber explores the possible relationship of the

expression of FCl receptors on cells of the monocyte/macrophage lineage with

several human autoimmune disorders, as well as with the response to therapy

and relapse of cancer patients. A number of FCl receptor genes have now been

cloned, and as their mechanisms of action are defined, these may be candidates

for gene transfers to enhance the activities of this important domain of IgG.

The chapters in the fifth section of the book are more experimental and

discussed future directions using animal models to better define effective

combination therapies with BRMs. In this session Favalli provided the

rationale for further human therapeutic approaches using thymic hormones, IL-2

and Q interferon in combination with chemotherapy. Several interesting

chapters in this section outline additional uses of BRMs in the treatment of

cancer and in infectious diseases. Wiltrout presented an overview of cytokine

based combination modality approaches in the treatment of murine renal cancer.

Novel pre-clinical approaches with triazine compounds were also discussed in

this section.

The conclusion of the symposium left participants with much to consider.

Old approaches to vaccines as only preventives and to the reduction of

microbial and cancer burdens with drugs with dose-limiting toxicities clearly
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are beginning to yield to advanced BRM therapies to enhance the body's own

immune and anti-tumor defenses. The use of the many known BRMs as primary

therapy and as adjuncts to current regimes is being approached with caution,

however, and the participants emphasized that, as exciting as many of these

are in theory, to date gains are modest, with small incremental improvements

to be expected as knowledge and experience accumulates. However, all agreed

that this is the area of study and experimentation from which enormous

improvements in the treatment of important diseases -- cancers, infections and

autoimmune conditions -- are most likely to come in the near future.

This volume should provide a good overview of current and projected

clinical applications of BRMs that are currently being explored in this very

new and exciting area of biomedicine. The volume should be of great interest

to all scientists and clinicians currently working in this area as well as for

those interested in catching up with the most recent developments in this very

rapidly moving and exciting new field.

A.L. Goldstein
E. Garaci
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COMBINATION THERAPY WITH THYMIC HORMONES AND CYTOKINES AFTER

CHEMOTHERAPY IN CANCER TREATMENT

Enrico Garaci and Cartesio Favalli

Department of Experimental Medicine and
Biochemical Sciences, University of Rome
"Tor Vergata", 00173 Rome, Italy

INTRODUCTION

Although there is general agreement on the central role of immune
anti-tumoral defences and on the possibility of using immunopotentiating
substances in tumor therapy, the clinical use of these substances has not
produced the expected results. Thus an amount of skepticism has arisen about
the therapeutical potentiality of the immunostimulating substances and about the
importance of the immune system itself towards neoplasia 1,2,3
Among the immunomodulators at our disposal, the substances of physiologic

origin are certainly the most interesting and include the interleukins (ILs) 4,5,6
the interferons (IFNs) 7,8,the thymic hormones (THs) 9,10, the tumor necrosis
factors (TNFs) 11, the colony stimulating factors ( CSFs) etc. These cytokines
are physiologically involved in the regulation of the ontogenesis and of the
activation of different immune cells and are characterized by a certain selectivity
of action. Because of their powerful effects on the immune response and their
availability in considerable quantities by the DNA recombinant technique and by
chemical synthesis, they are under intense experimental and clinic
investigations 12,13,14,15,16,17. Although results have been encouraging, when
applied alone, these substances display only restricted efficacy. This is to be
attributed to numerous and, as yet, not well defined factors, including the
possibility of tumor cell resistance to cytokines 18. This phenomenon has, in
fact, been demonstrated by several authors who described a resistance of tumor
cells to cytokines treatment. This resistance could be attributable either to non­
responsiveness of host killer cells to cytokines stimulating action, or to tumor
cells resistance to the direct toxic effects of cytokines. However, it seems that
a single cytokine is not able to arrest tumoral progression 19. Consequently
many research groups are trying the route of combination therapies with more
cytokines, with or without chemotherapy 20,21,26.
Our research group has been studying the combination among

immunomodulators and in particular among THs combined with IFN and
interleukin 2 for several years 22,23,24,25,26,27. In this chapter we report part of

Combination Therapies. Edited by A.L. Goldstein and
E. Garaci. Plenum Press, New York, 1992



the results of our studies by using Thymosin a1 (Tal) in combination with IFN
in the control of tumor growth in experimental animal models. Moreover, here we
report the characteristics and the preliminary results of two pilot clinical studies
in inoperable, stage III & IV, non small cell lung carcinoma (NSCLC) and in
metastatic melanoma patients.

EFFECTS OF COMBINATION BETWEEN THYMIC HORMONES AND INTERFERON
IN EXPERIMENTAL ANIMAL MODELS

The first evidence for a synergistic effect between THs and IFNs on the
immune response dates back to a few years ago, when we demonstrated that Tal,
a well identified and extensively studied synthetic thymic horm~ne 28, and
murine a-B IFN are able to induce the stimulation of natural killer (NK) activity
in animals immunodepressed by means of cyclophosphamide (CY). These
experiments demonstrated that, as one expected, a single injection of IFN aB (3
x 104 IU/mouse, Lp.) significantly stimulated NK activity in normal animals,
while the same treatment could not stimulate such an activity in animals
inoculated 4 days before with CY. On the other hand, when IFN was
administered after a pre-treatment with Tal, no further increase in NK activity
was observed in normal mice, while a significant stimulation in CY-suppressed
mice was observed 22. More recently we have demonstrated that a combined
treatment with Tal and IFN aB, can powerfully stimulate NK activity in B-16
melanoma tumor-bearing, immunodepressed animals. In this study we observed
that during the growth of experimental tumors, animals develop a state of
non-responsiveness to the treatment with IFN alone, which is correlated to the
growth of tumor burdens, and which can be restored by pretreatment with
THs23 •
Since it has been demonstrated that cytotoxic killer cells play an important

role in host defence against tumors, we examined the possible correlation
between cytotoxic activities and the effect on tumor growth. The results of these
studies have shown that a certain slowing-down in B16 Melanoma or Lewis Lung
carcinoma ( 3LL) tumor growth could be obtained when IFN treatment was, in
anyone case, preceeded by Tal injections and combination treatment was
started in an early phase after tumor implantation. Utilizing regimen of
combination treatments with Tal and IFN, according to the above mentioned

Table 1. Hypotheses on the synergy between chemotherapy
and immunotherapy

-------------------------------------------------------------

1)increased immunosensitivity of the tumor cells which have
been partially damaged by chemotherapy treatment;
2)increased chemosensitivity of the tumor cells which were
not irreversibly damaged by immune response;
3)increase of the immunogenicity of tumor cells;
4)positive modulation by the drug of the host immune response
by eliminating for example part of T suppressor cells;
5)release of chemotactic factors for phagocytic and cytotoxic
cells by tumor cells damaged by chemotherapeutic treatment

-------------------------------------------------------------
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Fig.1 Effect of combined chemoimmunotherapy treatment on the survival
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Fig.2 Histological analysis of the effect of combined chemoimmunotherapy
treatment (CY on day 8 after 3LL tumor inoculation, plus Talon
days 10-13 and IFN on day 13). A tumor cell completely surrounded
by lymphoid cells is shown.
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criteria, we were able, indeed, to also obtain an increase of animal survival time
but, in no case has long-term survival been obtained 25. During the past few
years it has been evident that immunotherapy and chemotherapy could act
synergistically. Even if the mechanisms involved in this synergic effect are still
unknown, several hypoteses can be formulated (Table 1).
We have thus attempted to establish if Tal and IFN combination treatment

could prove more effective if administered with chemotherapy. The results of
this study demonstrated that the combination treatment with Tal (200/.lg/Kg)
for four days, followed by a single injection of murine IFN aB (3 x 104

IU/mouse), starting two days after CY treatment (200 mg/Kg,single injection)
caused the disappearance of tumors in a high percentage of mice bearing Lewis
lung carcinoma (3LL). The chemoimmunotherapy protocol was effective even on
the long-term survival. In fact we have observed a high percentage (75%) of
living, tumor-free mice even after 60 days after tumor inoculation. Results were
significantly different when compared to those obtained in mice treated with the
single agents at the same doses and time of administration in conjunction with
chemotherapy (Tal =35% of survival; IFN =10% of survival) or to chemotherapy
itself (10% of survival)26 (Fig.l). In order to explain the mechanism of the
antitumoral action, immunological studies were carried out. The results of these
experiments have shown that the same regimen utilized in controlling the tumor
growth was able to strongly stimulate the cytotoxicity against NK-sensitive
YAC-l target cells and cytotoxicity against NK-resistant autologus 3LL tumor
cells, in 3LL tumor bearing mice, whereas treatments with each agent singularly
did not or only slightly modified the cytotoxic activity towards both YAC-l and
3LL target cells. The killer cells stimulated by chemoimmunotherapy combination
treatment bear the phenotypic characteristics of asialo GMl positive cells. A
histological study has shown a high number of infiltrating lymphoid cells in
tumors obtained from mice treated with combination chemoimmunotherapy 26
(Fig. 2).
In a more recent study we demonstrated that the combined administration

with Tal, plus IL-2, after CY treatment, was much more effective than either
BRMs alone and induced a complete tumor regression in 100% of mice studied.
Combination immunotherapy alone without CY caused only a slight slowing of the
rate of tumor growth. The combined chemoimmunotherapy with CY and Tal plus
IL-2 also increased the cytotoxicity of spleen cells and markedly enhanced long­
term survival in all treated animals. The results of these experiments are
reported in details by Favalli et al. in another chapter of this book.

EFFECTS OF COMBINATION BETWEEN THYMIC HORMONES AND INTERFERON
IN CANCER PATIENTS

The results of the experiments on the effect of combination therapy with
chemotherapeutic agents and Tal plus IFN in tumor bearing mice, proved to be
very encouraging and indicated that such treatment regimens could be easily
transferred to clinical practice since additional side effects caused by
immunotherapy were not expected in humans. We have thus decided to extend
our studies on combination chemoimmunotherapy to humans. For ethical reasons
and in order to compare the results obtained with a combination
chemoimmunotherapy treatment to those obtained with chemotherapy alone, we
selected two neoplastic diseases, quite common and quite refractary to
chemotherapy alone treatment. These neoplastic diseases are also characterized

4



by the fact that no other treatment other than chemotherapy can be reasonably
proposed to the patients. Moreover, standard chemotherapy regimens were not
altered, but the combination immunotherapy treatment was inserted between the
courses of chemotherapy itself. These clinical studies are in progress at the
moment, and here we report their characteristics and some preliminary
results. In particular we are performing two pilot clinical studies in inoperable,
stage III & IV, non small cell lung carcinoma (NSCLC) and in metastatic melanoma
patients. The main objectives of these studies are: 1) the evaluation of systemic
effects of combination therapy with Tal plus IFN in association with
chemotherapy' on the immune response in NSCLC and metastatic melanoma
patients; 2) the evaluation of the possibility that immunotherapy with Tal plus
IFN could potentiate the effect of chemotherapy in NSCLC and metastatic
melanoma patients. The characteristics of the patients selected for the studies
are reported in table 2. We are able at the moment to report the results obtained
in the first evaluated twelve melanoma patients, while the evaluation of NSCLC
patients is still in progress. Treatment schedule for NSCLC patients consists
of cisplatin 20 mg/mq Lv. on days 1 to 5 , etoposide 100 mg/mq Lv. on days 1
to 5, Ta11mg s.c. on days 8 to 11 and 15 to 18, natural a-IFN 3M U.l. Lm. on
days 11 and 18. Courses are repeated every 28 days for six months or until
disease progression. Treatment schedule for metastatic melanoma patients

Table 2.

PATIENTS
NUMBER

DIAGNOSIS

Characteristics of the patients enrolled for the
clinical studies on the effectof the combination
between thymic hormones plus interferon and
chemotherapy.

NSCLC: 60 of both sex at the end of the study
Melanoma: 30 of both sex at the end of the study

histologically confirmed inoperable nor eligible
for radiation therapy, eligible for chemotherapy,
stage III & IV NSCLC.
Mestastatic melanoma with measurable cutaneous,
nodals or viscerals metastases, unresectable nor
eligible for radiation therapy.

PERFORMANCE
SCORE 0-2 Eastern Cooperative Oncology Group (ECOG)

or >70 Karnofsky index;
life expectancy> 3 months.

PRIOR
TREATMENT none of patients received other treatment than

surgery or radiation therapy.

-----------------------------------------------------------
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consists of dacarbazine (DTIC) 200 mg/mq Lv. on days 1 through 4, Tal 1mg
s.c. on days 8 through 11 and 15 through 18, natural a-interferon 3M U.1. Lm.
on days 11 and 18. Also with these patients courses are repeated every 28 days
for six times or until disease progression. Five of the evaluated melanoma
patients observed until now, received, as thymic hormone, the synthetic
pentapeptide thymopentin instead of Tal, at the dose of 50 mg s. c. , according
to the same regimen described above. Each patient underwent a thorough
medical and immunological evaluation before therapy, and after at least 3 cycles
of treatment. Immunological monitoring consists of flow cytometry analysis of
peripheral blood lymphocyte subsets and testing cytotoxic activity against
NK-sensitive and, in some cases, NK-resistant target cell lines . The toxicity is
established according to WHO grading criteria. A response is considered to be
complete (CR) if all measurable tumors disappear and to be partial (PR) if the
sum of the products of the longest perpendicular diameters of all lesions
decreases by at least 50% and if no tumor has any increase and no new tumors
appear. Less than 50% decrease or no appreciable modification of the lesions is
considered as a no change (NC). The management of the NSCLC patients is
performed in collaboration with Dr. M. Lopez (Regina Elena Istitute for Cancer
Research, Rome), Dr. M. D'Aprile and Dr. F. Angelini (S.M. Goretti Hospital,
Latina), and Dr. G. Bonsignore ( Respiratory Phisiopathology Institute of
C .N.R., Palermo). The management of the melanoma patients is performed in
collaboration with Dr. E. Terzoli and Dr. F. Izzo (Regina Elena Istitute for
Cancer Research, Rome).
No major side effects attributable to the immunotherapy have been observed

up until now in patients affected by both the neoplastic diseases, and treated
with the new chemoimmunotherapy regimens. Toxicity, as expected, has been
evident in the same percentage of patients and with the same features as in
patients treated with chemotherapy alone. About 20% of the patients presented
a light and transient fever enhancement with myalgias, attributable to IFN
treatment. No side effects or toxicity attributable to thymic hormones were
observed. The immunological monitoring of the melanoma patients has shown a
high variability of NK activity during the therapeutic regimen. The variability
seems to be correlated to the phase of the course of treatment. The trend of
these variabilities is shown in figure 3, in which the mean values of cytotoxicity
detected in different phases of the first, the third and the sixth course of
chemoimmunotherapy, in twelve melanoma patients are reported. Moreover, it
is possible to distinguish the trend of the variability between patients who could
have been considered as responder (CR+PR) to the therapy and those who could
have been considered as non-responder(NC or Progression), according to the
clinical evaluation criteria. The mean values were then separately cumulated for
these two groups of patients. Results reported in figure 3 show a cyclic
variation in the cytotoxicity, with a dramatic decline after chemotherapy and an
evident boosting on day 12, Le. after immunotherapic treatment, which occurs
repeatedly during each cycle. Patients classified as non-responder seem not to
be stimulated by immunotherapy whilst undergoing treatment, demonstrating
a relationship between immunological response to thymic hormone plus IFN and
the progression of the neoplastic disease. Similar results were obtained in
NSCLC enrolled until now, in which the treatment with Tal plus IFN, after
chemotherapy, stimulated NK response. Moreover both in Melanoma and NSCLC
patients, immunotherapy treatment induced the stimulation of cytotoxic response
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against Daudi, NK resistant target cells, in about 20% of cases. None of patients
that received only chemotherapy, or normal donors we have observed, have
shown cytotoxic activity against the same target, demonstrating that combination
therapy with Ta 1 and IFN is able to specifically induce, even if in a limited
number of cases, this effect.
The study of CD4+ and CD8+ subpopulations, by flow cytometry,

demonstrated that in patients treated with combination immunotherapy there was
an increase either in percentage or in absolute number of CD4+ subpopulation,
an absolute increase of CD8+ cell population, and an icrease of CD4+/CD8+ ratio.
Regarding to the clinical results, we have completed the evaluation, at at

least 6 months, of the first twelve melanoma patients, while the evaluation of
NSCLC is still in progress. Results obtained in melanoma patients are reported
in table 3. Among the patients, treated with chemotherapy plus combination
immunotherapy, evaluated up until now for response to the therapy according
to the WHO criteria, the percentage of objective responses (complete responses
and partial responses) is higher and remissions long lasting as compared with
groups of patients previously treated by us or with results reported by other
authors with similar chemotherapy or chemotherapy plus IFN alone regimens
29,30. The results are thus promising both in terms of tolerance and efficacy of
treatment. Also in NSCLC patients, the clinical results, even if preliminary,

% cytotoxicity (E:T = 50: 1)

eo

60

40

20

OL------------------
d.1 d.e d.12 d.1 d.e d.12 d.1 d.e d.12

days in courses 1, 3 and 6

NON RESPONDER • RESPONDER

Fig.3 Natural killer activity of peripheral blood lymphocytes collected
from melanoma patients treated with DTIC plus Tal and IFN
combined chemoimmunotherapy. Results represent the cumulative
mean values obtained in responder (CR+PR) or non responder
(NC+Progr.) patients at days 1,8 and 12 of the first, the third and
the sixth course respectively.
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A

B

Fig.4 A. Thoracic CT section demonstrating a large carcinoma, which has
almost completely invaded the left lung of a NSCLC patient, before
starting the combined treatment with chemotherapy and Tal plus
IFN.
B. Thoracic CT section of the same patient reported infig.4A, after
two courses of chemoimmunotherapy. The tumor mass is no more
detecteble. A very small residual lesion, presumably consisting of
fibrous tissue, can be observed.



Table 3. Clinical features of 12 evaluated melanoma patients.

Pat. Agel Prior Site of Response Duration
No. Sex Therapy Metastatic

Disease
---- --- ------- ----------------- -------- --------
°1 64/F Surgery Lymph nodes Progr.

(sub-mandibular)
°2 69/F Surgery Lymph nodes (groin)

subcutaneous (thigh) PR >6
°3 74/M Surgery Lung CR >6

°4 75/M Surgery Lymph nodes (axilla PR 1
mandibular, neck)
subcutaneous

°5 44/F Surgery Lung, 1. nodes, pelvic Progr.
mass, subcutaneous

°6 47/F Surgery Lymph nodes (groin) CR 6

°7 42/F Surgery Lymph nodes (groin) Progr.

*8 41/F Surgery Lymph nodes (axilla) CR >28

*9 321M Surgery Lymph nodes (axilla) Progr.

*10 64/M Surgery Lymph nodes (groin) CR 12

*11 70/F Surgery Liver Progr.

*12 321M Surgery Lymph nodes (groin) Progr.
----------------------------------------------------------------------------
° Thymosin a1
* Thymopentin
----------------------------------------------------------------------------

seem be very encouraging, since a number of responses have been observed.
In some cases the response was very impressive and dramatic as shown in
figures 4A and 4B .

CONCLUSIONS

Our results, obtained in experimental animal models, have demonstrated how
very effective the combined treatment protocols with CY followed by thymosin
a1 plus IFN or IL-2 in the control of neoplastic growth are. In fact, we submitted
evidence that combined chemoimmunotherapy treatment is able to induce tumor
regression without the appearance of any toxic or side effect, even if it is
started when the tumor burden is developed and easily detectable. Moreover our
results allow us to explain, at least in part, the mechanism by wich the combined
treatments with thymosin a1 and IFN, or IL-2, exert this powerful antitumorous
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action in animals treated with CY. In fact, the results obtained on the
stimulation of cytotoxic activity of the splenic cells against 3LL tumor cells as
target cells, would seem to indicate that such stimulation might play an important
role in the antitumorous mechanism of combined chemoimmunotherapy. The loss
of the antitumor response following in vivo depletion of immune cells by
irradiation or antibody treatment, clearly indicates an involvement of cells
belonging to both NK and T compartments in the phenomena observed after
chemoimmunotherapy treatment.
On the basis of these results, we extended our studies to humans. The

immunological results are confirming that, as in experimental animal models, the
combined treatment with Tal plus IFN strongly stimulates cytotoxic activities in
NSCLC or melanoma patients treated with chemotherapy. These studies are also
demonstrating that TH combined with IFN strikingly potentiate the antitumorous
action of chemotherapy. The results are promising both in terms of tolerance and
efficacy of treatment. However, in order to point out the importance of these
results in a more definite way, we must wait for the end of our clinical trials,
when a more elevated number of patients will have been enrolled and a longer
observation time will have past.
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ABSTRACT

There is considerable controversy whether the immune system is important in controlling
human cancers. We review data regarding leukemia control in recipients of bone marrow
transplants. These data indicate that several distinct immune-mediated anti-leukemia
mechanisms operate. We consider how these mechanisms might be used to treat human
cancers.

Considerable data in animal models suggest a role for the immune system in controlling
cancer (for review see1,2). However, most experimental models differ substantially from
human cancers. Experimental tumors are often immunogenic because of tumor-related or
-specific antigens such as histocompatibility antigens or virus or chemical induced antigens.
In contrast, there is little evidence of tumor-specific antigens in human cancers. Growth
characteristics and other biologic features of experimental tumors also differ considerably
from those ofmost human cancers. For example, retroviruses cause most leukemias in
animals; this seems not so in humans.

Convincing evidence of a role of the immune system in most human cancers is lacking.
It is also not certain that tumors in humans evoke an immune response. For example,
persons with immune deficiency disorders are not at increased risk to develop age-related
cancers. More often, they develop B-cell related leukemia or lymphoma from uncontrolled
Epstein-Barr virus (EBV) proliferation or multifocal polyclonal cancers, like Kaposi
sarcoma, from uncontrolled growth factor production bymv-1 infected cells.3 Additional
examples are transplant recipients and persons with autoimmune disorders receiving immune
suppressive drugs.4,5 These persons are not at increased risk to develop age-related cancers
but rather skin cancers, Kaposi sarcoma and lymphomas preferentially involving the central
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nelVous system. Furthennore, over the past 50 years extensive trials of immune therapy in
human cancers showed no convincing benefit (for reviews see2). Although some recent
immune therapy trials seem promising,6,7 it is uncertain whether the benefit obselVed results
from immune mechanisms.

Because bone marrow transplants can be envisioned as an extreme approach to immune
therapy, we studied whether anti-cancer immune mechanisms operate in this setting.
Transplants were developed as a way to give high-dose chemotherapy and/or radiation
pretransplant. In many instances, especially leukemias, transplants are associated with fewer
relapses compared to chemotherapy.8,9 However, it soon became apparent that intensive
pretransplant therapy could not completely explain the increased anti-leukemia efficacy of
transplants. For example, persons with and without graft-versus-host disease (GvHD) had
different probabilities of leukemia recurrence despite receiving similar pretransplant
chemotherapy and/or radiation. 10 Also, diverse posttransplant immune suppression, such as
with methotrexate or cyclosporine, resulted in different leukemia relapse rates.lO,ll

Additional data support the notion of immune-mediated anti-leukemia effects. Several
years ago we and others reported an increased probability of relapse in recipients of
transplants from genetically-identical twins. 12,13 Although some of this effect might result
from absence ofGvHD, relapse risk was increased even when compared to recipients of
lILA-identical sibling transplants without GvHD.14 Most recently, we reported increased
relapses in some recipients of T-cell depleted transplants even after adjusting for GvHD.15
Here we review these data indicating different likelihoods of leukemia eradication in persons
receiving comparable pretransplant high-dose chemotherapy and radiation. These data are the
most convincing evidence that the immune system operates in human cancers. Whether these
immune-mediated effects operate when donor and recipient are genetically-identical, whether
they are active in cancers other than leukemia, and whether they can be used in non-transplant
settings requires further study.

Relative risks of leukemia relapse among over 2000 recipients ofHLA-identical sibling
transplants reported to the International Bone Marrow Transplant Registry (IBMTR) are
reviewed in Table 1.16 The data indicate that acute and chronic GvHD significantly decrease
relapse risk in acute lymphoblastic leukemia (ALL), lcute myelogenous leukemia (AML) and
chronic myelogenous leukemia (CML). Data in Table 1also indicate that T-cell depletion
increases the likelihood of relapse, especially in CML. This increased risk is only partially
explained by the corresponding decrease in GvHD associated with T-ceII depletion. Results
of transplants between genetically-identical twins are also reviewed in Table 1. These data
indicate an increased relative risk of relapse even after adjusting for GvHD.

In additional analyses in recipients of lILA-identical sibling transplants. the ffiMTR
reported that alternate fonns of posttransplant immune suppression were associated with
different risks of leukemia relapse in persons with ALL. I?,18. This correlation remained
after adjusting for GvHD. Risk of relapse was greatest with cyclosporine, intennediate with
cyclosporine and minimal doses ofmethotrexate, and least with relatively higher doses of
methotrexate. Whether it results from a direct anti-leukemia effect ofmethotrexate or from
inhibition of an immune-mediated anti-leukemia effect by cyclosporine is uncertain.

The data reviewed suggest that multiple immune-mediated anti-leukemia mechanisms
operate in transplants. One is an anti-leukemia effect of GvHD. A similar effect is well
documented in experimental models (reviewed in19). This effect is most likely directed
against disparate non-lILA histocompatibility antigens on leukemia cells; qualitative or
quantitative abnonnalities in lILA-antigens may sometimes be involved.20-23 Most data
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Table 1. Relative Risk of Relapse after Transplants1,2

AIL AML CML

RR P RR P RR P

lILA-Identical
NoGvHD 1.00 1.00 1.00
Acute GvHD only 0.36 0.004 0.78 0.26 1.15 0.75
Chronic GvHD only 0.44 0.16 0.48 0.12 0.28 0.16
Both 0.38 0.02 0.34 0.0003 0.24 0.03

lILA-Identical, T-depleted
NoGvHD 1.48 0.33 1.57 0.33 6.91 0.0001
Acute and Chronic GvHD 0.98 0.97 0.80 0.60 4.45 0.003

Twins 0.99 0.99 2.58 0.008 2.95 0.08

1Adapted from reference 16.
2ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; CML, chronic
myelogenous leukemia. ALL and AML in 1st remission; CML in chronic phase. GvHD,
graft-versus-host disease.

suggest this GvHD-related anti-leukemia effect is mediated by T-cells.2•19 There are no
convincing data that this effect is leukemia-specific.

These data also suggest a second distinct GvHD-independent immune-mediated anti­
leukemia effect operating only in the context of genetically-non-identical transplants. We
term this allogeneic graft-versus-leukemia (GvL). Although it is likely that this effect is also
mediated by T-cells, convincing data are lacking. Although the target antigen(s) of this effect
is unknown, there are no convincing data that it is leukemia-specific. Attempts to modulate
GvL without increasing GvHD in humans with leukemia, such as by transfusing additional
T-cells or decreasing posttransplant immune suppression, were unsuccessful.24,25 How­
ever, some recent data suggest a benefit of these approaches in some subjects with CML.26

A third T-cell mediated anti-leukemia effect may operate after transplants. This is
illustrated by the markedly increased relative risk of relapse after T-cell depleted transplants in
CML independent ofGvHD. It is not certain whether this effect is distinct from the
aforementioned allogeneic GvL effect.

In summary, these data indicate that several potent, immune-mediated anti-leukemia
mechanisms operate after bone marrow transplants. Some recent preliminary data suggest
similar effects may operate in transplants for lymphomas27 and neuroblastoma.28 These
concepts are not yet tested in transplants for more common tumors such as breast or lung
cancers.

Understanding the mechanism(s) by which these anti-leukemia mechanisms operate is
essential if one wishes to use these effects in non-transplant settings. It makes sense to
perform these studies before initiating large clinical trials.
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High-dose chemoradiotherapy and bone marrow transplantation (BMT) can cure
some patients with acute leukemia or lymphoma refractory to conventional therapy [1]. The
success of BMT is limited largely by a high relapse rate [1]. Attempts to use additional
chemotherapy or radiation to decrease the relapse rate have been hampered by the cross­
resistance of the tumor to the various agents and by their shared cumulative side effects. The
systemic administration of IL-2 with or without reinfusion of ex vivo-generated LAK cells
[2] represents one possible consolidative treatment modality which, if used after BMT, might
exert an anti-tumor effect against the minimal residual disease which is assumed to persist
after BMT, and thereby prevent or delay recurrence of the malignancy.

This paper will present the rationale for this approach, provide some very preliminary
data obtained in recipients of autologous marrow and identify some of the issues relevant to
performing similar studies in recipients of allogeneic marrow. Results of any therapy trials
to reduce relapses will not be available for at least two years.

The magnitude of the problem is suggested in Table 1, which presents the actuarial
five year estimates for relapse and disease-free survival as a function of the type and stage of
malignancy for which an allogeneic HLA matched sibling marrow transplant is performed
[1] .

Disease

Table 1. Results of Allogeneic BMT
Actuarial 5-Year Estimates (%)

Relapse Disease-Free Survival

AML, first remission

CML, chronic phase

Advanced leukemia or lymphoma

Combination Therapies, Edited by A.L. Goldstein and
E. Garaci, Plenum Press. New York, 1992

20-30

20-25

40-80

45-60

50-80

15-35
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The survival of patients with even the best prognosis, i.e., those who undergo a
transplant for AML in fIrst complete remission, or for CML in the chronic phase is limited by
a 20-30% probability of relapse. Patients who undergo BMT transplantation for advanced
leukemia or lymphoma. Le., beyond the fIrst complete remisssion, have a significantly lower
probability of disease-free survival, largely due to a 40-80% probability of relapse.

Autologous BMT for such advanced leukemia or lymphoma is associated with an
even higher relapse rate. For example, in a series of 101 lymphoma patients who underwent
autilogous BMT in Seattle, the group exhibited an 84% probability of relapse, with a median
time to relapse of only about 2-4 months after BMT [3].

The rationale for using IL-2 ± LAK cells as consolidative therapy after BMT for
patients who are at high risk for relapse can be summarized as follows:

(a) Human leukemia and lymphoma cells can be lysed in vitro by LAK cells [4, 5];
(b) the therapy may be non-cross-resistant with chemotherapy [6]; (c) in phase I/II trials,
treatment with IL-2 ± LAK has induced partial or, rarely, complete remissions in some
patients with hematologic malignancies [7, 8, 9]; (d) a state of minimal residual disease is
readily attained by the conditioning regimens used for transplantation--a setting in which
immunotherapy should theoretically be more effective; (e) in autologous marrow recipients,
IL-2/LAK should theoretically be able to eradicate whatever clonogenic malignant cells might
be present and reinfused with the stored marrow and thus should obviate the need for
purging the marrow of tumor cells; and (f) in allogeneic marrow recipients, IL-2/LAK might
induce or amplify a graft-versus-Ieukemia effect exerted by the foreign donor cells from the
marrow [10]. Indeed, although strong circumstantial evidence for a GVL effect appears to
exist only in recipients of allogeneic marrow [IO]--especially those who exhibit GVHD--one
cannot rule out the possibility that a GVL effect also exists in recipients of autologous
marrow and can be amplified by IL-2 and/or cells.

If IL-2 ± LAK cell therapy were to be used after BMT, it would have to be
administered late enough for the patient to have established a graft and to have recovered
from the major BMT-related toxicities, but early enough before the malignancy would be
likely to recur. Moreover, IL-2-responsive LAK precursor cells would have to be present in
the circulation at that time.

Our studies thus far have focused on recipients of autologous rather than allogeneic
marrow, so as to avoid the unknown effects of IL-2 in the more complex setting presented
by immunologic barriers between the marrow donor and recipient. The resultant sequence of
studies planned is shown in Table 2.

Table 2. Sequence of Studies Planned

1. Study reconstitution ofLAKp after ABMT

2. Perform Phase I trial of IL-2 after ABMT

3. Perform a trial of IL-2 +LAK cells after ABMT to decrease
relapse of lymphoma

4. Initiate similar studies after allogeneic BMT

To determine whether IL-2-responsive LAK precursor cells were present in the
circulation early after autologous BMT, peripheral blood mononuclear cells were obtained
from 21 patients with acute leukemia or lymphoma 17 to 83 days after BMT. The cells were
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PBMC obtained from 21 patienlS with refractory hematological malignancies who were
at various inlervals within 3-12 weeks after ABMT were cultured for 4 or 5 days with
(A) IL2 (1000 Vlml), or (B) culture media withoUl IL2 supplementation. Cells were
assessed for cytolytic reactivily against Daudi.

Figure 1. LAK precursor activity is detectable after ABMT.

cultured with IL-2 at 1,000 to 2,000 V/ml for 4 to 5 days, and tested for their ability to lyse
the LAK-sensitive target Daudi at different effector:target ratios [11].

The results are shown in Figure 1.

Each curve represents the lysis by cells from a single patient obtained at a single point
in time after they have been incubated with IL-2, or in media alone. Despite the
heterogeneity of the patients studied--in terms of diagnosis, conditioning regimen and
marrow manipulation--LAK precursor activity was detectable in the circulation of virtually
every patient tested at every point in time tested. Positive and negative selection experiments
on the FACS revealed that, as in cells from non-BMT patients, most of the LAK activity was
mediated by CD3- CD56+ cells with a minor subset of cells which stained dimly for CD8
and coexpressed CD56 [11, 12].

The possibility was considered that early after BMT patients might be too susceptible
to IL-2 toxicity--especially in terms of the viability of the marrow graft and the capillary leak:
syndrome--and/or might not be able to respond immunologically to IL-2 administration.
Therefore, a Phase Ib clinical trial with IL-2 alone was carried out after autologous BMT to
identify the maximum tolerated dose of IL-2 and to assess immunologic responses to it, if
any [13]. The design is shown in Table 3. Patients were sequentially assigned to escalating
IL-2 (recombinant IL-2 kindly provided by Hoffman-LaRoche) "induction" doses of 0.3-4.5
x 106 U/m2/day on day 1-5. After a rest period, all patients received a low-dose
"maintenance" infusion of IL-2 at 0.3 x 106 U/m2/day on day 12-21. Patients received
induction IL-2 in the hospital and maintenance IL-2 as outpatients in the clinic.
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Table 3. Design of Phase Ib Trial of IL-2 After Autologous BMT

Group
I
II
III
IV

No. Pts.
4
4
6
2

"Induction" dose
(x 106 U/m2/d)
(d 1-5)

0.3
1.0
3.0
4.5

"Maintenance" dose
(x 106 U/m2/d)
(d 12-21)

0.3
0.3
0.3
0.3

The trial design was based on our experience with non-transplant cancer patients
and on the design of a trial of IL-2 plus LAK cells which we expected to use
subsequently.

Sixteen patients, aged 15 to 59 (median, 34), with AML, RD, NHL or myeloma,
who had been conditioned for BMT with chemotherapy, with or without TBI, recieved IL­
2 by continuous intavenous infusion as early as 14 to 91 days (median, 33) after BMT.

Dose-related toxicities consisted largely of fever, nausea, diarrhea, skin rash and
mild fluid retention. Dose limiting toxicities were hypotension and thrombocytopenia. All
toxicities reversed quickly after stopping IL-2. The maximal tolerated induction dose was
identified as 3 x 10° U/m2/day.

Hematologic and immunologic tests were performed on days 0, 7, 12 and 23, i.e.,
before IL-2 was begun just after completing the induction course, and at the beginning and
end of the IL-2 maintenance phase. Since early after BMT the marrow graft is often tenuous,
the possibility of myelosuppression by IL-2 and/or LAK cells with resultant neutropenia and
infection was considered. However, neutropenia was not observed. Indeed, Figure 2
shows that the neutrophil counts tended to rill< in all groups during IL-2 treatment, probably
due to induction ofGM-CSF secretion.

I II III
4

"'"§ 3

8
Q

0...
2§

0
CJ-;E
0-
0.......
::f
IlJ
l::

0

12 23 12 23 12 23

IL2 Treatment Day

Figure 2. IL-2 Therapy Raises the Neutrophil Counts
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Figure 3 shows that, as in non-BMT cancer patients, ll..-2 induced a transient
lymphopenia followed by a rebound lymphocytosis 24 hours after completion of the ll..-2
"induction" course. Although the increases represented largely cells expressing CD3 and
CD8, the highest dose of ll..-2 also increased the percentage of circulating lymphocytes
expressing the CD56 surface marker associated with LAK activity, as shown in Figure 4.

Peripheral blood lymphocytes were also tested serially for LAK precursor (LAKp)
and LAK effector (LAKe) activities. LAKp are defined as cells which, when cultured in
ll..-2, acquire LAK activity, i.e., lyse Daudi; LAKe are cells which have direct LAK activity
without requiring exposure to ll..-2 in vitro.
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Figure 5 shows that most patients tested had low levels of spontaneous LAKe activity
on day 0, Le., before IL-2 therapy, and those receiving the higher doses of IL-2 exhibited a
substantial increase in LAKe activity. LAKp activity was also augmented by IL-2
"induction" therapy, as represented by lytic units per 107 effector cells (Figure 6).
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Thus, in the course of this phase I trial we identified a safe IL-2 regimen which
patients will tolerate early after ABMT and to which they will respond immunologically. The
toxicities and immunologic changes were consistent with those reported by 2 other groups
with different regimens and sources of IL-2 [14, 15].

Based on those results, a trial of IL-2 plus LAK cells after autologous BMT was
recently initiated in an attempt to reduce the relapse rate of lymphoma and AML in patients
who are at high risk for relapse [16]. The design of the protocol is shown in Table 4.

Table 4. Design of IL-2/LAK Protocol

IL-2 (3 x 106 U/m2/d)

PHERESIS

LAK INFUSION

IL-2 (3 x lOS U/m2/d)

D 1-5

D7-9

D 12-14

D 12-21

IL-2 at the maximal tolerated dose of 3 x 106 U/m2/day was administered by
continuous intravenous infusion on day 1-5. The patients underwent leukapheresis daily on
days 7,8 and 9. The cells were incubated with IL-2, 1000 U/rnl for 5 days, and the resultant
LAK cells were infused daily on days 12 through 14. A low maintenance dose of IL-2 at 3 x
105U/m2/day on days 12-21 was administered. The low dose was based on the assumption
that less IL-2 may be required to maintain than to induce LAK activity.

To date, six patients have been treated 27-83 days after BMT. Thrombocytopenia
and hypotension remain the major but reversible toxicities, as predicted by the phase I trial.
Impressive lymphocytosis was observed and they have received a total of 6.9-14.1 x 1010

LAK cells. Obviously, more patients will have to be accrued on this trial, and ultimately a
randomized prospectively controlled trial ofIL-2 +LAK versus neither will be performed to
defmitively determine effect on relapse rates, if any.

Similar studies are warranted in patients who have undergone allogeneic BMT in an
effort to induce or amplify a GVL effect exerted by cells from the foreign donor marrow
infused. There is cogent circumstantial clinical evidence for the existence of a GVL effect in
vivo after allogeneic BMT in humans. It can be summarized as follows [10]: a) the
incidence of leukemic relapse is lower after allogeneic than after syngeneic BMT, b) the
incidence of leukemic relapse is lower in allogeneic marrow recipients who develop acute
and/or chronic GVHD than in allogeneic marrow recipients who do not develop GVHD,
c) the incidence of leukemic relapse is lower in recipients of allogeneic marrow without
GVHD than it is in recipients of syngeneic marrow, and d) the incidence ofleukemic relapse
is higher in recipients of T-cell depleted allogeneic marrow than in recipients of unmodified
allogeneic marrow. Effector cells which mediate the GVL effect in animals and humans may
include [10]: a) cytotoxic T-lymphocytes (CTL) specific for minor histocompatibility
antigens present on both normal host tissue and leukemic cells and/or against antigens
expressed only or preferentially on malignant cells, b) lymphocytes which mediate their
antitumor effects via secondary lymphokine secretion, and/or c) cytolytic T- or non-T-cells
that mediate their anti-tumor effect through an MHC-unrestricted mechanism, such as LAK.
IL-2 can stimulate the proliferation and function of all the above-mentioned effector cells.

Data from some murine models, though sparse and variable, suggest that IL-2 with
or without LAK cells can induce or amplify a GVL effect and cure tumor-bearing mice [17].
The principal potential complication of IL-2/LAK therapy after allogeneic BMT is the
induction or exacerbation of severe GVHD. In murine models, most notably those by Sykes
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and Sachs [18, 19], IL-2 can induce, exacerbate, or even protect against GVHD, depending
on the model and the timing. What any given regimen of IL-2 (± LAK) will do in human
recipients of allogeneic marrow cannot be predicted. We have just initiated a phase Ib trial of
IL-2 in recipients of HLA-matched sibling marrow who have no evidence of GYHD off
immunosuppressive [16]. The results will determine the design of a trial of IL-2 plus LAK
cells to decrease relapse rates after allogeneic BMT. Some results should be generated within
the next two years.

In conclusion, there is a substantial experimental rationale for attempts to use
lymphokines and lymphocytes after BMT to decrease the relapse rate of hematologic
malignancies. The area is in its infancy but is receiving increasing investigative attention
internationally. In the course of the next several years, should encouraging results be
obtained with IL-2 alone or with IL-2 plus LAK cells in autologous or allogeneic BMT,
emphasis will be placed on improving the therapeutic index by exploring ways to decrease
the toxicity and increase the efficacy of the therapy. This will require a better understanding
of the mechanism which mediates the toxicity and the anti-tumor effects. Should
exogenously generated cells turn out to contribute significantly to the end results of therapy,
then approaches will have to be developed to better identify the effector cells responsible and
to study ways to preferentially augment their generation and function. It must be emphasized
that the LAK cells being infused in these and similar studies are heterogeneous in nature and
represent only a fraction of the cells being infused. It is conceivable that other cells that are
in the bags being infused may be beneficial or even essential. Indeed, the ultimate hope is to
identify, expand and use tumor-specific T lymphocytes rather than the non-T, non-MHC­
restricted cells, as an adjunct to BMT [17].
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INTRODUCTION

Prompted by data from our own experiments on therapy of AIDS, we have
taken a fresh look at the problem of analyzing potentiation, synergy, antagonism,
enhancement of therapeutic index, and other types of drug interactions (1-3).
Initial stages of that inquiry revealed the need for new concepts and new
analytical methods that include:

1. Flexible choice of interaction models (clearly, no single type of model can fit
all types of interactions).

2. Appropriately robust statistical methods to estimate p-values and confidence
intervals (a sound statistical basis is critical in this field, if one is to be
confident that there actually is an interaction).

3. Flexibility with respect to experimental design (e.g., checkerboard, constant­
ratio, etc.).

4. Statistical techniques for reducing the size of experiments by reducing the
number of replicates needed.

These requirements motivated development of a computer program package,
COMBO, that operates in the MLAB computing environment on personal
computers (Civilized Software, Inc., Bethesda, MD). COMBO provides a variety of
models, e.g. "robust potentiation", "robust antagonism", "pure potentiation", and
"eff-tox" (the latter for instances in which both efficacy and toxicity are observed
simultaneously). COMBO can also be used for experiments on single drugs.
Graphical displays, multiple statistical diagnostics, and identifiers of aberrant data
are included. Confidence intervals and p-values are obtained by both parametric
and non-parametric (Monte Carlo) techniques.

In the context of AIDS, we have used the COMBO paradigm and program
package to design and/or analyze experiments on combinations that include AZT,
ddC, ddl, ddA, dipyridamole, interferons, tumor necrosis factor, suramin, CD4­
pseudomonas exotoxin, and protease inhibitors, inter alia. In the context of
cancer, we have used it for combinations including doxorubicin, suramin, tumor
necrosis factor, dipyridamole, interferons, and dideoxynucleosides. Initial

Combination Therapies, Edited by A.L. Goldstein and
E. Garaci, Plenum Press, New York, 1992 29



applications of the new principles and the COMBO program package can be
found in references (1-3). Here, we summarize major features of this approach,
illustrated using two examples from therapy of HIV infection in vitro. These
formulations were developed on the basis of in vitro data, but we have applied
them to in vivo studies as well.

DRUG INTERACTION MODELS

The interaction models used in COMBO are derived from enzyme kinetics­
based "pseudo-molecular" formulations for drug interaction. Each of these
represents an elaboration of the logistic dose-response curve that frequently
characterizes the behavior of single drug assay systems. As indicated in Figure
1a, the single-drug logistic curve is characterized by four parameters: the zero­
dose response (A), the high-dose response (D), the mid-point dose (e.g., the
IC50), and the mid-point slope (B).

p24
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Fig. 1. (Left-hand panel) Logistic dose-response curve for a single drug, showing
zero dose response (A), high dose response (D), mid-effect dose (IC50).
and mid-effect slope (B). (Right-hand panel) Generalization of the logistic
to two-drug combination. From ref. (2).

With two drugs, the idea is to project the logistic curve into an extra dimension
(Figure 1b) to accommodate the second drug. Assuming no interaction, there are
two new parameters, the IC50 and mid-point slope for drug 2. Non-additive
interaction enters through one or more additional parameters, and we refer to this
as a "robust potentiation" model. Most effort in the literature has been devoted to
the issues of synergy and antagonism per se (2-14). However, flexibility in the
choice of models and interaction types is also important. For example, if an assay
measures both efficacy and toxicity simultaneously, and if the two overlap, then a
different class of models is required. To handle this situation, we have developed
"eff-tox" (efficacy-toxicity) models. If the dose-response curve of a biological
response modifier is "biphasic" (Le., non-monotonic), as is often the case, models
incorporating this behavior can be invoked. Issues with respect to choice of
models and with respect to confusions in the terminology of drug interaction have
been discussed previously (3).
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OVERVIEW OF COMBO

Briefly, the COMBO algorithms use iteratively reweighted nonlinear least
squares techniques for data fitting (although robust regression is also an option
provided). If desired, the weights are computed by a Gaussian kernel technique
based on estimated responses. Statistical diagnostics available (2) include the
weighted sum of squares, normal theory standard error estimates, variance­
covariance matrix, parameter dependency values, RMS-weighted deviation
errors, mean fractional deviation per data point, residuals, and weighted
residuals. Various graphical outputs are generated for summary of data fits,
residuals, and statistics.

COMBO offers the following features: 1. checkerboard, constant-ratio, and
other experimental designs are supported; 2. overlapping efficacy and toxicity
can be analyzed simultaneously; 3. all data points can generally be included
(Le., without removing those near 0 and 100% effect); 4. global parameters are
computed for potentiation, synergy, antagonism, and (if appropriate) therapeutic
index; 5. a flexible choice of data models can be invoked; 6. a flexible choice of
error structures is provided (including Gaussian kernel error estimation --which
permits the data set to specify its own error structure); 7. both parametric and
distribution-free confidence intervals are calculated for model parameters, the
latter obtained by Monte Carlo techniques related (but not identical) to the
Bootstrap method of Efron (15,16); 8. statistical criteria for rejection of outliers can
be calculated; 9. experimental designs with fewer replicates are facilitated (2).
This last is perhaps the most important feature, given the requirement for large
numbers of data points in experiments on combinations. The most significant
disadvantage of the COMBO "tool box" is that the Monte Carlo methods and
outlier selection algorithms are computer-intensive.

THE "ROBUST POTENTIATION" MODEL

Using a combination of ideas arising from the theory of multiple inhibitors in
enzyme kinetics, the isobologram representation of Berenbaum (17), and the
median effect analysis of Chou and Talalay (12), we obtained the following effect
equation (3) for a pair of drugs, one or both of them intrinsically active:

(1 )

where z = (a-y)/(a-d) is the normalized effect. y, in this case the measured p24
level in natural units, defines a surface over C1 and C2; C1 and C2 are the
concentrations of the two drugs; ICS01 and ICS02 are the 50%-effect
concentrations; B1 and B2 are the 50%-effect slopes for the two drugs acting
individually; PCS01 and BP1 are the 50%-effect concentration and slope for the
potentiation of drug 2 by drug 1; PCS02 and BP2 are the 50%-effect concentration
and slope for the potentiation of drug 1 by drug 2; a is p24 in the absence of
drug; d is p24 at indefinitely high drug levels. PCSOi is defined as the
concentration of drug i required to increase the apparent potency of the other
drug (i.e., decrease its apparent ICso) by a factor of 2 (beyond what would be
expected on the basis of the intrinsic activity of drug i). The lower the value of
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PCSOi, the stronger the potentiation; additivity corresponds to PCS01 and PCS02
approaching infinity. Note that this equation reduces to the expected explicit
expression for z if 81 =82.

Thus, the key parameters of interaction, PCSOj, are analogous to the ICso's in
that a value approaching infinity indicates no effect, and a value approaching 0
indicates strong effect. The parameter P == ICSOj/PCSOj gives a useful
dimensionless characterization of the strength of potentiation. Pj =0 indicates
additivity; Pj > 0 indicates potentiation. An alternative form of eqn. 1 (not shown)
represents antagonism (with Pi < 0).

In the absence of interaction, equation (1) simplifies to that of Syracuse and
Greco (13), who were the first to recognize the need for an implicit interaction
equation when slope parameters for the two drugs are unequal. This was an
important observation. Their equations and ours differ, however, when
interaction is present. One aspect of this difference is that the equation in ref. (13)
contains only one interaction parameter, a. Equation (1) above is a more general
form containing 4 interaction parameters, although it can be simplified in the
obvious way to include 0, 1, 2, or 3 interaction parameters as required (and/or
justified) by the data. This flexibility allows for analysis of more complex
interactions and better fitting of a wide range of experimental data. It also
emphasizes the relationship between "synergy" and "mutual potentiation." To
date the most useful models have included interaction parameters PCS01 and
8P1 or PCS02 and 8P2, but not both sets simultaneously. It is often important to
include the slope parameter.

To illustrate application of the "robust potentiation" model, we consider an
experiment by Ashorn, et al. (1) in which reverse transcriptase inhibitors were
combined with a chimeric CD4-pseudomonas exotoxin conjugate (CD4-PE40) to
eliminate HIV from human T-cell cultures. See ref. (1) for details of the
experiments and analysis.

Figure 2 shows a two-drug dose-response surface representing a fit of the
robust potentiation model to data on CD4-PE40 in combination with
dideoxyinosine (ddl). For most of the data points, the fit appears to be quite good.
Note that the slopes for the two drugs are very different. Table 1 summarizes the
parameter estimates obtained for combinations of CD4-PE40 with ddl and
azidothymidine (AZT). Fits were done in two ways: (i) with CD4-PE40
considered as the potentiating agent, and (ii) with the reverse transcriptase
inhibitor taken as the potentiating agent. Table 1 shows that CD4-PE40
potentiated each RT inhibitor (p<0.01) and that each RT inhibitor potentiated
CD4-PE40 (p<0.01). The PCso values were at least several times smaller than
the corresponding ICso values, indicating strong potentiation. The four values of
P corresponding to the four table entries are 6.53, 3.15, 7.44, and 6.56,
respectively. This mutual potentiation corresponds to "synergy" (1).

Figure 3 shows "stadium" plots which illustrate graphically the potentiation of
CD4-PE40 by ddl and AZT. The lefthand panels show three-dimensional dose­
response surfaces for the indicated pairs of drugs, based on the best fits to the
experimental data. The righthand panels show the appearance that the surfaces
would have had if the agents had been simply additive (Le., if PCso had been
infinite). The lefthand panels show a pronounced inward bowing characteristic of
potentiation, whereas the righthand panels necessarily show straight tie-lines
between points of equal effect on the individual drug axes. For all panels, the tie­
lines are three-dimensional projections of the contours appearing in the classical
isobologram (17).
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SYNERGISTIC INTERACTION OF CD4-PE40 WITH ddl
("Robust Potentiation" Analysis using COMBO)

--.... 0
o~cc
00
;:u
U"O
~CIl.... ­--Ill
~~N_
C.C
~

........---....-.........."""---........-"""---.......-..."
-""'-.........

0.8

0.6

0.4

-
Fig. 2. Net plot of the dose-response surface for CD4-PE40 and ddl, showing

quality of fit to data. Large filled circles represent data points above
(black) or below (gray) the fitting surface. Small black filled circles
represent corresponding calculated points on the surface. Straight
connecting lines indicate the residuals. The two horizontal axes are log
drug concentrations, and the vertical axis is the response (here, HIV p24
antigen). Note logistic curves on the individual drug axes. Because log
concentrations were used for the axes in order to spread out the data
points, this surface appears to be bowed outward (cf Fig. 1B). If plotted
with absolute concentrations (cf. Fig. 3), the surface would appear
inwardly bowed, indicating synergy.

THE "EFF-TOX" MODEL

To illustrate application of the "eff-tox" model (which takes account of
simultaneous, overlapping antiviral efficacy and cell toxicity), we consider an
experiment on the anti-HIV activity and cytotoxicity of AZT for CEM-SS T­
Iymphoblastoid cells in the presence and absence of dipyridamole (DPM) (2,3).
See ref. (3) for details on the methods and analysis. The fitted curves in Fig. 4
were calculated using the following equations:

num = av+X

(2a)

(2b)

(2c)
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Fig. 3. "Stadium" plots showing synergistic interaction of CD4-PE40 with ddl
(upper panels) and AZT (lower panels) in primary T-cell cultures. The
dose-response surfaces were constructed from the parameter estimates in
Table 1. Left: Best fits of the experimental data using the "robust
potentiation" model. Inward bowing indicates synergy. Right: Surfaces
(with straight tie-lines) that would have been obtained in the absence of
synergy. From ref. (1).
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Fig.4. Curve fit of the "eff-tox" model describing simultaneous efficacy and
toxicity for the drug combination AlT-dipyridamole. The figure shows that
in cultured CEM-SS cells dipyridamole both potentiates the anti-HIV effect
of AlT and decreases the cellular toxicity of AlT. The assay (18) was
·based on colorimetric analysis of formazan dye produced by healthy cells.
From ref. (2, 3).

Q: Does AZT have intrinsic antiviral activity? Cytotoxic effect?
A: Yes (p<0.01) Yes (p<0.01)

Q: What is the therapeutic index of AlT alone?
A: The best estimate is a 3,300-fold difference between IC50e and IC50t.

There is a 95% chance that the "true" value lies between 800- and
8,300-fold.

Q: Does DPM potentiate the antiviral activity of AlT?
A: Yes (p<0.01).

Q: Does DPM antagonize the cytotoxicity of AlT?
A: Yes (p<0.01).

Q: Does DPM increase the therapeutic index?
A: Yes (p<0.01) -- a 12.4-fold increase for 1 11M DPM.
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where z = num/den = (y-d)/(a-d) is the normalized formazan level. These
equations were incorrectly rendered in ref. (3). Here, y is the measured formazan
level in natural units; a is the formazan level in the absence of virus and drug; d
is the formazan level at indefinitely high drug concentrations; ICsoe, Be, PCsoe,
and BPe are parameters related to the antiviral efficacy and defined as were their
equivalents in the "robust potentiation" model; ICsot, Bt, PCsot, and BPt are
similar parameters related to the cell toxicity; av is the normalized formazan level
at zero drug. The above pair of equations may look complex, but they arise
naturally from a simple binding model that has quite general application. In this
data set, it was important to consider both efficacy and toxicity limbs of the dose­
response curve simultaneously since the response variable, an index of cell
health, reflects both damage by the virus and damage by the drugs. In other
cases, the mixing of viral and toxic effects might be more subtle, for example
when cell toxicity diminishes viral production of measured p24 or reverse
transcriptase.

This eff-tox analysis indicates a surprising dissociation of DPM's influence on
AZl's antiviral and cytotoxic activities. DPM modestly potentiates the antiviral
activity of AZT and, at the same time, greatly antagonizes its cytotoxicity. The net
effect is to increase the in vitro therapeutic index for the CEM-SS cells; These
studies suggest that more than one mechanism of action is at work and that the
balance of effects may depend on cell type and experimental conditions. Similar
complexities are often seen with biological response modifiers. The "eff-tox"
profile resembles the biphasic dose-response curves often obtained with those
agents, indicating a path for analysis of combinations exhibiting such behavior.
Good tools of analysis will clearly be required to put the interactions of biological
response modifiers (with themselves and with other therapeutic modalities) into
proper perspective. The COMBO algorithms are being used for that purpose.
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INTRODUCTION

Metastatic renal cell cancer (RCC) is resistant to most
chemotherapeutic agents therefore attempts have been made to
activate the patients immune system to induce an anti-tumor
response leading to tumor regression. In several clinical
trials, patients with metastatic RCC have been treated with
immunotherapy consisting of infusions of the lymphokine
Interleukin-2 (IL-2) or IL-2 combined with Lymphokine Activated
Killer (LAK) cells (1,2). Although some patients responded well
to these treatments, the overall rate of anti-tumor responses
was relatively low (15-30%) and the therapy was limited by
dose-dependent IL-2 toxicity.

continuing efforts to develop less toxic and more effective
therapies focused attention on lymphocytic infiltrates
frequently observed within human or murine solid tumors. These
Tumor Infiltrating Lymphocytes (TIL) can be isolated from
enzymatic digests of tumor specimens and can be selectively
expanded in presence of IL-2. TIL infusions have demonstrated
dramatic anti-tumor responses in animal tumor models (3,4). In
human studies, TIL were isolated and expanded from malignant
melanoma (5,6), from renal cell cancer (7) and also from many
other histologies (8). Based on these TIL studies, clinical
trials with TIL and IL-2 were initiated (9). Dramatic responses
were obtained in melanoma patients (9) but initial clinical
trials using TIL for the treatment of metastatic RCC showed
limited therapeutic efficacy (10). In contrast to TIL expanded
from melanoma specimens, TILs expanded from RCC specimens did
not demonstrate MHC-restricted specific cytotoxicity against the
autologous tumor target. The growth conditions for TIL
expansion in culture may select for the generation of killer
cells specific for the autologous tumor. RPMI supplemented with
human serum has been used in some studies, others have used
serum free medium such as AIMV, and it is unclear whether the
choice of medium in itself affects the properties of the TIL
generated. Therefore, we tested three types of medium and the
lymphocyte activating agents IL-2, Interleukin 4 (IL-4), Tumor
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Necrosis Factor (TNF) and anti-CD3 monoclonal antibody (mAb) for
expansion of TIL from RCC specimens. IL-4 has been shown to
inhibit the IL-2-induced non MHC-restricted LAK activity (11).
IL-4 combined with IL-2 also promoted the growth of melanoma TIL
specific for the autologous tumor (12). TNF was found to
upregulate expression of MHC antigens and the IL-2 receptor and
to synergize with IL-2 in the generation of CD8+ TILs from
ovarian cancer (13). Anti-CD3 mAb, a potent T cell mitogen
(14), augmented the expansion of TIL with IL-2 (13,15). Here,
we report the increased expansion of RCC TIL by addition of IL­
4, TNF or anti-CD3 to IL-2. IL-4+IL-2 inhibited the generation
of NK/LAK phenotype from these TILs. TNF+IL-2 and anti-CD3+IL-2
showed a tendency to expand CD8+ T cells. The majority of TILs
generated under these conditions were T cells capable of
mediating high levels of killing of the autologous RCC tumor but
also non specific lysis of allogeneic tumors.

MATERIALS AND METHODS

Tumor specimens. sterile renal tumor specimens, obtained from 7
patients after nephrectomy, were minced with scissors into small
pieces and digested with 0.4mg/ml collagenase type IV (Sigma
Chemical Co., st Louis, MO) in RPMI 1640 medium supplemented
with 2mM glutamine, 10mM hepes buffer, 100 units/ml penicillin/
streptomycin and 0.05mg/ml gentamicin. The mixture was stirred
overnight at room temperature and filtered through a wire mesh.
The cell suspension was washed twice in Hank's balanced salt
solution (HBSS) then separated by Ficoll-Hypaque (Histopaque,
Sigma) density gradient centrifugation.

Culture of RCC tumor cells. Cultures of tumor cells isolated
from RCC specimens were initiated at 2-4x106 cells/flask in RPMI
and 10% Fetal Bovine Serum (FBS). The cultures were incubated at
37°C in a 5% CO2 incubator and split when confluent. Cells after
3-4 passages were used as RCC targets for the cytotoxic assays.

Lymphocyte activating agents. Recombinant human IL-2 (specific
activity of 3X106 units/mg protein) and recombinant TNF (19X106
units/mg protein) were kindly supplied by the Cetus Corporation
(Emeryville, CAl. Recombinant human IL-4 (1.5x106
units/100j.Lg/m1) was generously provided by sterling Drug Inc
(Malvern, PA). Anti-CD3 (OKT3) monoclonal antibody (mAb),
directed against the CD3 component of the T cell receptor
complex was purchased from Ortho Diagnostics, Raritan, NJ.

Culture of tumor-infiltrating lymphocytes. L~phocytes isolated
from RCC tumor specimens were plated at 5x10 cells/ml in 6-well
culture plates (Costar, Cambridge, MA) in 3 types of culture
medium: in RPMI 1640 supplemented with 10% FBS or 10% Human AB
Serum (HS) or in serum free medium AIMY (Gibco, Grand Island,
NY). TILs were cultured in the presence of 10, 100 or 1000
units/ml IL-2 alone or combined with 1000 units/ml IL-4 or 1000
units/ml TNF. The cultures were incubated at 37°C in a 5% CO
incubator. After 7-10 days, TILs were harvested and resuspended
at 2.5x105 cells/ml in their respective fresh media supplemented
with the same activating agents. Cultures were split once or
twice a week according to growth rate and assessed for
expansion. TILs stimulated with anti-CD3 mAb were cultured in
immobilized anti-CD3 mAb in the presence of 100 units/ml IL-2.
Wells were pre-coated with purified anti-CD3 mAb at 10 j.Lg/ml in
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phosphate buffered saline (PBS) for 1h at 37°C and washed twice
with PBS prior to use (14). Three days following initiation of
culture, cells were removed from anti-CD3 coated plates, washed
and plated at 2.5x105 TIL/ml in medium containing 100 units/ml
IL-2 alone. The continuous long term expansion of TIL required
restimulation with a pulse of anti-CD3 mAb after 2-3 weeks.

Phenotypic analysis. TILs were harvested, washed with PBS and
labeled with fluorescent mAbs for 30 min at 4°C (14). Cells were
washed twice with PBS and the lymphocyte fraction was analyzed
on a FACS 440 flow cytometer (Becton Dickinson, San Jose, CA).
The monoclonal antibodies anti-Ieu4 (CD3) conjugated to
fluorescein isothiocyanate (FITC), anti-Ieu3a (CD4) conjugated
to phycoerythrin (PE) and anti-Ieu2a-FITC (CDS) (which react
with the T helper/inducer cells and the T cytotoxic/suppressor
cells respectively), anti-Ieu19-PE (CD56, which reacts with a
220 kD protein expressed on NK cells) were purchased from Becton
Dickinson. For two color analysis, cells were double labeled
with anti-CD3-FITC and anti-CD56-PE or anti-CDS-FITC and anti­
CD4-PE. Gates were set for nonspecific binding using cells
labeled with mouse IgG1-FITC and mouse IgG1-PE.

Cytotoxicity assay. The RCC tumor lines established from the
patients and the NK sensitive K562 target (erythroleukemia line)
were used as targets to assess the cytotoxic activity of the
TILs. Target cells were labeled with 250 ~Ci 51Cr for 2 hrs at
37°C in a 5% CO2 incubator, washed and resuspended in medium.
TILs were harvested, plated in triplicate in U-bottomed
microtiter plates and serially diluted in O.lml medium.
Labelled target cells at 5X103/O.1ml were added to the wells
resulting in 4 different effector/target (E/T) ratios. LAK cell
control was included in each experiment. Following inCUbation
for 4 hrs at 37°C, the cells were harvested onto a glass fiber
filter with a Micromate 196 harvester (Packard Instrument
Company, Meriden, CT) and counted in the Packard Matrix 96 to
assess the 51Cr retained in the cells. Percent cytotoxicity was
calculated using the mean of triplicate wells as follows:

retained total counts-retained sample counts
% cytotoxicity=-------------------------------------------x100

retained total counts-non releasable counts

Retained total counts were obtained from targets incubated in
medium alone while non releasable counts were obtained from
targets lysed with 2% cetrimide detergent solution (Sigma).
This method gives an assessment of lysis of the target cells by
the effector cells that parallels the lysis obtained by the
conventional assessment of Cr release (unpublished data). Lytic
units (LU) were calculated using 4 E/T ratios as described
previously (14). One lytic unit was defined as the number of
effector cells causing 20% lrsis of 5 x 103 target cells; lytic
units are expressed as LU/10 effector cells.

RESULTS

TIL expansion in RPMI+10%FBS

Expansion of TIL cultures was limited in RPMI+10%FBS as
shown in Table 1. Cultures in IL-2 alone at 10, 100 or 1000
units/ml demonstrated poor expansion. The addition of IL-4 to
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Table 1. Expansion of TIL on day 32 in RPMI+10%FBS

FOLD EXPANSION
PATIENT 1 PATIENT. PATIENT 6

Conditione
IL-2: 10 xO.7 x 1.3 xO.•

100 x4.6 xO•• x3.6
1000 x2.4 x4.6 N.T.

1000 IL-'"
+IL-2: 10 x1 x2.6 x1 ••

100 x7.2 xO.6 x4.6

1000 TNF
+IL-2: 10 x12 none x16

100 x20 xl.4 x23

IL-2 did not improve the proliferation of TIL while addition of
TNF to IL-2 did increase slightly TIL expansion. Most of these
TILs died after 34-40 days.

TIL expansion in RPMI+10%HS and AIMV

Combination of IL-2 with IL-4. TIL were cultured in 10 or
100 units/ml IL-2 alone or combined with 1000 units/ml IL-4.
Data obtained from a representative patient (#1) are shown in
Figure 1. TIL expanded in RPMI+10%HS showed a poor growth in 10
or 100 units/ml IL-2. The addition of IL-4 to 10 or 100
units/ml IL-2 augmented TIL expansion. Although variations
between TIL from different patients were noted, the best growth
was demonstrated by 100 units/ml IL-2 and 1000 units/ml IL-4.
This synergistic effect of IL-4 with IL-2 was less pronounced in
TIL cultured in AIMV medium. TIL growth was greater in AIMV in
100 units/ml IL-2 alone or with IL-4 than in RPMI+10%HS
(Figure 1). Expansion with 10 units/ml IL-2 in AIMV was smaller.
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Figure 1. Growth curve of TIL cultured in IL-2+IL-4
in two types of media: RPMI+10%HS and AIMV.
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Table 2. Expansion of TIL with IL-2 and TNF in
RPMI+10%HS

TIL FOLD EXPANSION
Patient. 1 6 "TIL day
10U IL-2 30-32 xO.26 x12 x14

46-48 xO.4 x339 x38

10U IL-2 30-32 x333 x9.6 x18
1000U TNF 46-48 x834 x4" x425

100U IL-2 30-32 xO.8 x180 x96
46-48 x6 x4323 x830

100U IL-2 30-32 x820 x61 x128
1000U TNF 46-48 x7804 x1498 x1346

1000U IL-2 30-32 x42 x628 x223
46-48 x87 x15878 x926

Combination of IL-2 with TNF. The proliferation of TIL
stimulated by IL-2 and TNF varied from patient to patient. In
cultures established in RPMI+10%HS, addition of TNF to 10 or 100
units/ml IL-2 augmented considerably the expansion of TIL in two
patients (# 1,4) to levels greater than 1000 units/ml IL-2 alone
(Table 2). The combination of TNF with 100 units/ml IL-2
resulted in greater expansion than with 10 units/ml IL-2. TIL
isolated from patient 6 were highly responsive to IL-2 and no
additional effect was observed with TNF. This variability of
the responsiveness of TIL from different patients to IL-2 and
TNF was also seen with TIL cultured in AIMY. Only two patients
(# 6,7) from 4 tested showed an additive effect of TNF with 100
units/ml IL-2 (Tables 3,6).

Phenotype

The phenotype of TIL cultured in IL-2 combined with IL-4 or
TNF varied from patient to patient both in AIMY and RPMI+10%HS.

Table 3. Phenotype of TIL from patient 7 cultured
in AIMY in the presence of IL-2 with IL-4 or TNF

.. cells positive for
culture

condition. day expansion CDS CD4 CD8 CDSS CD31 CD41
(fold) CD66 CD8

10U IL-2 28 x 0.2 98 77 37 2 2 22
1000U IL-4 43 x 0.1 97 31 86 .. .. 23

100U IL-2 28 x 4 98 74 31 2 2 16
1000U IL-4 43 x 682 98 64 61 4 4 19

10U IL-2 28 x 2.8 98 48 64 4 3 26
1000U TNF 43 x 2.2 93 18 70 13 13 8

100U IL-2 20 x 18 88 32 66 24 16 18
1000U TNF 28 x 78 96 14 67 27 24 6

43 x 3129 98 4 94 18 18 2
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Figure 2. Expansion of TIL from patient 1 cultured
in IL-2 and anti-CD3

In some patients, cells of the NK phenotype (CD56+/CD3-) were
expanded in early cultures of IL-2 or IL-2+TNF but decreased
with time in culture (Table 6). Other patients showed an
expansion of a CD3+/CD56+ population in IL-2+TNF that was
maintained in longer cultures (Table 3). In contrast to
cultures containing TNF, CD56+ cells were rare in cultures grown
in IL-4 (Tables 3,6). All cultures consisted predominantly of
T cells after 3 weeks and maintained this phenotype for the life
span of the culture. A tendency to expand more CD8+ T cells at
the expense of CD4+ T cells was seen with IL-2+TNF combination
in both types of media (Table 3,6). A more varied T cell
phenotype was observed in TIL stimulated by IL-2+IL-4, some
showing a predominance of CD4+ cells, others of CD8+ cells
(Table 6) and other a mixture of both (Table 3). Moreover IL­
2+IL-4 seem to induce the expansion of a double positive
CD4+/CD8+ T cell population (Table 3,6).

Table 4. Phenotype of TIL from patient 1 stimulated
with anti-CD3 and IL-2.

I cell. PO.ltlve for
cultur.
conditions day upanelon CD3 CD4 CDS CD58 CDSI CD41

(told) CDG8 CD8
BPMI+101 HS

100U IL-2 4S x S,8 84 84 1 7 3 0

antl-CD3 12 x 18 83 63 35 7 N.T. N.T.
100U Il-2 28 x 215 97 81 60 1 1 14

43 x 8600 98 27 89 2 2 19

AIWi

100U Il-2 12 x 1 62 41 21 32 N.T. N,T,
28 x 81 87 47 68 7 6 12
43 x 976 97 17 85 30 30 IS

antl-CD3 12 x 34 92 48 48 7 N.T. N.T.
100U IL-2 28 x 1248 88 76 34 0 0 13

43 x 20872 89 81 17 0 0 8
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Expansion of TIL in anti-CD3 combined with IL-2

TIL stimulated by immobilized anti-CD3 mAb and 100 units/ml
IL-2 for 3 days then cultured in 100 units/ml IL-2 showed a
rapid and extensive proliferation. Data from a representative
patient (#1) are shown in figure 2. The difference in TIL
growth in 100 units/ml IL-2 and anti-CD3 versus IL-2 alone was
considerable in both RPMI+10%HS and AIMV although more
pronounced in RPMI+10%HS.

The phenotype of TIL from the same patient (#1) stimulated
with anti-CD3 is shown in Table 4 and indicates that anti-CD3
mAb combined with IL-2 induces predominantly CD3+ T cells both
in RPMI+10%HS and in AIMV. In RPMI+10%HS, an increase in the
CDS+ T cell population was observed with time in culture
concomitant with an increase in CDS+/CD4+ popUlation and a
decrease in the CD4+ T cells. In AIMV, CDS+ cells seem to
decrease with time in culture while CD4+ cells increase.

Lytic activity of TIL

The lytic activity of TIL obtained from patient 6 was
tested against its autologous tumor cell line (RCC-6),
allogeneic RCC tumor lines (RCC-7 and RCC-S) and K562. TIL
cultured in AIMV mediated killing of the autologous RCC-6 tumor
already by day 22 of culture. The autologous killing mediated by
TIL cultured in 100 units/ml IL-2 and TNF was greater than that
mediated by TIL cultured in 100 units IL-2 and IL-4. Both
conditions showed a high level of NK activity by day 22 but it
was reduced by day 44 of culture while the killing of autologous
RCC was maintained. Although killing of allogeneic RCC-7 was
lower, killing of RCC-S was high. Based on LAK control, RCC-S
target seems to be very lysable. Thus, TIL expanded in AIMV in
the presence of IL-4 or TNF combined with IL-2 are able to
mediate killing of their autologous tumor target but also of
allogeneic tumor targets. The phenotype of these TIL showed the
presence of CD56+ LAK cells in early cultures in IL-2 or IL­
2+TNF that decreased significantly in later cultures (Table 6).

Table 5. Lytic ability of TIL from patient 6
cultured in AIMV

LYTIC UNITS I 10'1 effectora
Targeta

TIL day K562 RCC-e RCC-7 RCC-a
100u IL-2 44 414 31e N.T. 434
1000u IL-2 22 187 98 30 N.T.

44 190 193 N.T. 263

lOu IL-2 22 261 23 0 N.T.
•1000u IL-4 44 165 213 N.T. 341

100u IL-2 22 1497 164 60 N.T.
+1000u IL-4 44 200 231 N.T. 356

100u IL-2 22 2540 324 177 N.T.
+1000u TNF 44 208 279 N.T. 381

45



Table 6. Phenotype of TIL from patient 6 cultured
in AIMV

'It Cella PoIitiw for markera
TIL day expanaion CD3 CD4 CD8 C041 C056 C031

(fold) C08 COS8
100u IL-2 14 x4.3 61 63 26 9 41 12

37 x138 94 30 69 13 4 3

1000u IL-2 14 x7.8 62 43 23 7 48 8
37 x240 96 68 58 34 4 4

10u1L-2 14 x2.6 Sl2 72 45 28 8 1
·1000IL-4 37 x583 Sl8 38 Sl3 34 3 3

100u IL-2 14 x3 89 63 42 17 7 2
+1000u IL-4 37 x529 97 34 90 30 13 13

100u 1L-2 14 x7 40 37 S 1 48 8
.1000u TNF 37 x385 82 33 87 17 7 5

T cells predominated in most cultures with a higher percent of
CDS+ cells that may correlate with their lytic ability.

TIL from the same patient (#6) expanded in RPMI+10%HS
showed lytic activity against K562 and allogeneic RCC-S but
mediated limited killing of the autologous tumor RCC-6 (0-30 LU)
both on day 22 and day 44 of culture (data not shown). This RCC­
6 line was lysable by control UK cells (270 LU) that were
generated from normal PBL for 6 days in IL-2 in the same
RPMI+10%HS medium and tested together with AIMV or RPMI+10%HS
cultured TIL. Thus, the TIL from patient 6 acquired this "lack
of recognition" of their autologous tumor during their long term
culture in RPMI+10%HS. These TIL presented an unusual high
percent of CD4+/CDS+ cells.

DISCUSSION

Tumor Infiltrating Lymphocytes (TIL), isolated from renal
cell carcinoma (RCC) specimens and expanded in IL-2, showed
limited therapeutic efficacy when reinfused to the patients
(10). RCC TIL have demonstrated non MHC-restricted cytotoxicity
(7,10) in contrast to TIL expanded from melanoma patients that
mediated MHC-restricted specific cytotoxicity against the
autologous tumor (5,6). The aim of our study was to test
several culture conditions for RCC TIL in an attempt to generate
TIL capable to mediate more specific lytic activity against
their autologous tumor cells. We found that the medium and the
serum used to expand TIL are critical. RPMI medium supplemented
with 10%FBS failed to sustain the expansion of RCC TIL. In
contrast, RPMI supplemented with 10%HS or AIMV induced a
significant expansion of RCC TIL for a long term (up to 3
months). In most of the CUltures, AIMV allowed for greater TIL
expansion than RPMI+10%HS. The concentration of IL-2 in these
cultures was also a limiting factor with 10 units/ml IL-2 being
insufficient. The combination of IL-4 or TNF with IL-2
demonstrated a synergistic effect in the expansion of RCC TIL
that was greater when 100 units/ml IL-2 was used. The synergy
of IL-2 and TNF was generally more pronounced in TIL cultured in
RPMI+10%HS than in AIMV. We observed that IL-4 or TNF augmented
TIL expansion in AIMV only in cultures which were not responsive
to IL-2. This suggests that, for AIMV cultures, the beneficial
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effect of the addition of IL-4 or TNF to IL-2 depends on the
responsiveness of the lymphocytes isolated from different RCC
specimens and is not predictable. In contrast, activation of
TIL with immobilized anti-CD3 mAb and IL-2 followed by culture
in 100 units/ml IL-2 induced a rapid and extensive proliferation
of RCC TIL that was consistent both in AIMV and in RPMI+10%HS.
TIL generated by anti-CD3+IL-2 were predominantly CD3+/CD56- T
cells with a preferential expansion of CD8+ T cells in most
cultures. Our findings on the synergy between anti-CD3 mAb and
IL-2 confirm previous studies using RPMI and HS medium (13,15)
but also document the establishment of long term TIL cultures.
The phenotypic analysis of TIL stimulated by IL-2+IL-4 or IL­
2+TNF showed variations from patient to patient. However, some
findings were consistent in relationship to the combination
used. TILs analyzed from early cultures (day 12-15) in IL-2 or
IL-2+TNF consisted of a mixture of CD3+ T cells and CD56+ NK
cells but became predominantly CD3+ T cells with time in
culture. IL-2+TNF showed a tendency to expand more CD8+ T cells
in long term cultures. These data contrast with the findings of
Yi Li et al (13) who documented an early expansion of CD8+ cells
followed later by an increase in CD56+ cells in ovarian tumor
TILs cultured also in 100 units/ml IL-2 and 1000 units/ml TNF.
NK expansion was minimal in TIL cultured with IL-2+IL-4 while T
cells predominated with mixed ratios of CD4+ cells versus CD8+
cells. This indicates that IL-4 inhibits the generation of
NK/LAK cells in TIL expanded from RCC similar to previous
findings in melanomas (12). Moreover, IL-2+IL-4 induced the
expansion of a double positive CD4+/CD8+ T cell population whose
functional significance remains to be clarified. The
relationship of the phenotype of TILs generated under these
conditions and their lytic ability was examined. Preliminary
experiments showed that TILs expanded in IL-2 or IL-2 combined
with IL-4 or TNF demonstrated a pattern of non MHC-restricted
cytotoxicity against RCC tumors and K562. However, only TIL
expanded in AIMV serum free medium mediated a high level of
killing of their autologous RCC tumor cells while this killing
was poor in TILs expanded in RPMI and human serum. LAK cells
generated in this human serum were able to kill this particular
RCC target indicating that some regUlation mediated by factors
present in human serum may have occurred at the level of T cell
recognition of the autologous tumor.

Cell separation studies are underway to identify specific
sUbpopulations of T cells that could be responsible for the
autologous killing mediated by the TIL bulk cultures. These
studies indicate that TIL are particularly sensitive to growth
conditions and that variations of culture conditions can select
for desired expansion, phenotype and lytic activity that may
ultimately lead to improved clinical results. The properties of
the ideal TIL for adoptive transfer are yet to be defined.
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IL-2 BASED COMBINATION THERAPY OF MALIGNANT DISEASE:

SUMMARY OF THE PHASE I EXPERIENCE AT THE CLEVELAND CLINIC

G.T. Budd, S.V. Murthy, J. Finke, R.R. Tubbs,
J. Alexander, S. Gautam, J. Sergi, and R. Bukowski

Cleveland Clinic Foundation
Cleveland, OH 44195

We have performed Phase I trials of rIL-2 in combination
with IFNa or doxorubicin (DOX) , based upon the independent
activity of these agents and preclinical evidence of therapeutic
synergy. In a Phase I trial of the combination of doxorubicin
(DOX) and rIL-2, myelosuppression prevented dose escalation
beyond the MTD of DOX 40 mg/m2 IV bolus day 1 and rIL-2 3.0
MU/m2/24 hr IV on days 2-5, 9-12, and 16-19. Significant
increases in peripheral blood NK and LAK precursor activities
were observed, but no clinical responses were produced in this
patient popUlation with largely gastrointestinal malignancies.
In other Phase I studies, four week cycles of rIL-2 given by
intravenous (IV) bolus injection three times weekly (TIW) have
been administered in combination with rHuIFNa2a given
intramuscularly (1M) TlW. with aggressive supportive care, the
Maximum Tolerated Dose (MTD) ofrIL-2 that could be given with
rHuIFNa2a 10 MU/m2 1M TIW was 22.0 x 106 BRMP units (MU)/m2 IV
TIW. Dose limiting toxicities were CNS, pulmonary and
cardiovascular. When given with rHuIFNa2a 10.0 MU/m2 TIW, the
MTD of infusion rIL-2 was 3.0 MU/m2/24 hr x 5 days, weekly x 4.
We have also treated pts with RCC and MM in Phase II trials of
rIL-2 3.0 MU/m2/24 hrs Dl-4 and rHuIFNa2a 5.0 MU/m2 SQ Dl-4.
Overall, 3/7 pts with RCC treated with infusion schedule rIL-2
and rHuIFNa2a have responded in our Phase I stUdy, as opposed to
3/33 pts with RCC treated with bolus schedule rIL-2 and
rHuIFNa2a. Of pts with MM, 6/23 pts have responded to bolus
schedule rIL-2 and rHuIFNa2a while 0/3 have responded to
infusion schedule rIL-2 with rHuIFNa2a in our Phase I studies.
We have also entered patients on multi-center Phase II studies
utilizing a somewhat less dose-intense schedule of infusion
schedule rIL-2 and rHuIFNa2a. Among patients entered on these
trials from the Cleveland Clinic, 3/11 pts with RCC have
responded, while 2/10 pts with MM have responded. Further
studies of the mechanisms by which responses are mediated are
needed if IL-2 based therapies are to be improved.

Introduction

Interleukin-2 (IL-2) is an immunoregulatory cytokine which
exerts effects on several effector cell populations. IL-2
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supports the growth and proliferation of T-cells and other
lymphocytes and augments certain effector functions, including
antigen-specific and non-specific cytolytic activities [1-5J.
IL-2 exerts these effects in a complex milieu comprised of other
cytokines and immune regulatory and effector cells. It is not
unreasonable to expect that the specific effects of an
administered dose of an agent such as IL-2 will depend greatly
on the influences of these other immunologic factors. Pre­
clinical models have suggested that IL-2 in combination with
other agents may have greater anti-tumor effects than single
agent treatment. Based upon these observations, we have
performed a series of Phase I trials employing IL-2 in
combination with other agents.

Phase I Experience with IL-2 and Doxorubicin

The rationale underlying the combination of IL-2 with
cytotoxic chemotherapy has been reviewed [6]. The combination
of doxorubicin and IL-2 with 18K cells was found to be superior
to treatment with either modality alone in the Renca murine
renal cell carcinoma model [7J. Gautam has demonstrated similar
results in the Renca system in studies combining doxorubicin and
IL-2 without 18K cells [8], and doxorubicin was found to augment
the antitumor effects of IL-2 in a murine lymphoma system [9J.
Based upon these studies, we have performed a Phase I trial of
doxorubicin and IL-2 in patients with refractory malignancies
[10 J • Doxorubicin was administered as an intravenous bolus
injection on day one, with rIL-2 (Hoffmann-LaRoche) being
administered by continuous intravenous infusion on days 2-5, 9­
12, and 16-19 of each 3-4 week treatment cycle. Cycles were
repeated as tolerated unless disease progression was noted. The
doses studied were doxorubicin 40 mg/m2 + rIL-2 1. 0 x 106 U
(MU) /m2/24 hours, doxorubicin 40 mg/m2 + rIL-2 3.0 MU/m2/24
hours, and doxorubicin 60 mg/m2/24 hours + rIL-2 1.0 MU/m2/24
hours. At this last dose level, 4/5 patients developed NCI
Grade 3 neutropenia, 3/5 developed Grade 3 granUlocytopenia, and
1 developed Grade 3 thrombocytopenia. The next lower dose level
was, therefore, identified as the Maximum Tolerated Dose (MTD):
that is, doxorubicin 40 mg/m2 + rIL-2 3.0 MU/m2/24 hours. At the
MTD, 2/6 patients developed Grade 3 leukopenia, 2/6 patients
developed Grade 3-4 neutropenia, and 1/6 patients developed
Grade 3 thrombopenia.

Immunologic effects were observed, suggesting that
doxorubicin does not abrogate the effects of 11-2 on peripheral
blood lytic activity. with doxorubicin 40 mg/m2 , rIL-2 1. 0 MU/m2
produced rises in peripheral blood NK activity to >200 lytic
units/107 cells (LU) in 4/5 patients, while rIL-2 3.0 MU/m2
produced rises in this activity to >200 LU in 4/4 patients.
Peripheral blood 18K activity was observed during treatment in
2/9 patients; both of these patients were treated with
doxorubicin 40 mg/m2 + rIL-2 1.0 MU/m2/24 hours. 18K precursor
activity in the peripheral blood (assayed by determining the
lytic activity of peripheral blood lymphocytes cultured for 3
days with 1000 U/ml of rIL-2) was found to be increased on day
16 of treatment, compared to pretreatment values, in 1/4
patients studied serially after treatment with doxorubicin 40
mg/m2 + rIL-2 1.0 MU/m2/24 hours and in 3/4 patients studied
after treatment with doxorubicin 40 mg/m2/24 hours + rIL-2 3.0
MU/m2/24 hours. Whether these changes are quantitatively
different than those that would be produced by treatment with
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rIL-2 alone cannot be determined in this Phase I study; a
controlled trial would be required to address this issue.

No clinical responses were observed among the 17 patients
entered in this trial, but it should be noted that 14 of these
17 patients suffered gastrointestinal malignancies, while no
patients with renal cell carcinoma or malignant melanoma were
entered. Further studies in these "immunoresponsive" tumors or
in tumors responsive to doxorubicin might be considered, using
the dose identified as the MTD.

Phase I Experience with IL-2 and IFNa

The combination of IL-2 and IFNa has been found to produce
greater antitumor effects than either cytokine alone in several
preclinical model tumor systems [11-14]. We have performed a
series of clinical investigations of this combination, based
upon these preclinical studies.

Toxicity of IL-2/IFNa

In our initial trial, rIL-2 (Hoffmann-LaRoche) was administered
as an intravenous bolus injection three times weekly and
rHuIFNa2a was given intramuscularly on the same days; treatment
was continued for four consecutive weeks, followed by a rest
period as needed [15]. All possible combinations of doses of
rIL-2 0.1, 0.5, or 2.0 MU/m2 and rHuIFNa2a 0, 0.1, 1.0, or 10.0
MU/m2 were given to successive cohorts of patients in a
traditional Phase I trial design. At the highest doses of the
agents (rIL-2 2.0 MU/m2 with rHuIFNa2a 10.0 MU/m2 ) , Grade 3
neutropenia was produced in 3/6 patients, determining the MTD as
defined in the experimental design of the study.

Because 1) hematologic toxicity was rapidly reversible and
asymptomatic, 2) non-hematologic toxicity was mild, and 3)
considerable clinical experience had indicated that aggressive
supportive measures would allow higher doses of rIL-2 to be
given, we performed a second Phase I trial of high dose bolus
rIL-2 with IFNa [16]. In this trial, the dose of rIL-2 was
escalated in successive cohorts of patients while the dose of
rHuIFNa2a was fixed at 10.0 MU/m2 (with the exception of
patients treated with rIL-2 10 MU/m2 , at which dose level doses
of rHuIFNa2a of 0.1, 1.0, and 10.0 MU/m2 were studied). The
doses of rIL-2 administered with rHuIFNa2a were 4, 6, 8, 10, 12,
14, 18, 22, and 26 MU/m2 • As in our low dose bolus
administration trial, rIL-2 was administered as a rapid
intravenous inj ection three times weekly and rHuIFNa2a was
administered intramuscularly three times weekly. Both agents
were given for four consecutive weeks, followed by a rest period
of at least two weeks. Stable and responding patients were
retreated, provided that they had recovered from the toxicity of
the previous course and that toxicity had been acceptable. The
experimental design called for stopping the trial once 3 or more
of 6 patients at a dose level experienced unacceptable toxicity;
this would define the next lower dose as the Maximum Tolerated
Dose (MTD). In the event of unacceptable toxicity in an
individual patient, treatment was held until toxicity had
recovered to grade 0-li treatment was then reinstituted at the
next lower dose level. In order to allow dose escalation beyond
those used in the low-dose bolus administration trial, modified
definitions of unacceptable toxicity were used. Unacceptable
toxicity was defined as: serum creatinine >5 mg/dl, serum

51



bilirubin >5 mg/dl, dyspnea at rest, hypotension refractory to
pressors, altered mental status or coma, and other toxicities of
Grade 3-4 as defined by the NCI Common Toxicity criteria.

At a dose of rIL-2 of 26 MU/m2 in combination with
rHuIFNa2a 10 MU/m2 three times weekly, 3 of 3 patients developed
unacceptable toxicity, consisting of dyspnea at rest in one
patient, central nervous system depression in one patient, and
hypotension poorly controlled with phenylephrine in two
patients. The next lower dose level, rIL-2 22 MU/m2 with
rHuIFNa2a 10 MU/m2 , then, was identified as the MTD.
Hypotension was observed at all dose levels including rIL-2 at
doses greater than 8 MU/m2 , but this hypotension was responsive
to support with phenylephrine, so that therapy could be
continued. other toxicities included fluid retention, mild
dyspnea, fatigue, exfoliative skin rash, diarrhea, oliguria,
abnormal renal and hepatic function tests, hypocalcemia,
neutropenia, and thrombopenia. Despite these toxicities,
therapy was administered on a regular nursing floor.

Because others had reported relatively greater degrees of
immunomodulation with infusion as opposed to bolus schedules of
IL-2 administration [17,18], and because continuous intravenous
infusion was felt to better simulate the pharmacokinetics of the
intraperitoneal administration of IL-2 used in some pre-clinical
models, we have also studied the administration of rIL-2 by
continuous infusion with intramuscular IFNa in a Phase I trial
[19]. In this trial, successive cohorts of 4-6 patients were
treated with escalating doses of the two agents; rIL-2 was
administered as a continuous 120 hour infusion on days 1-5 of
four consecutive weeks and rHuIFNa2a was administered
intramuscularly three times weekly for four consecutive weeks.
The dose levels studied were: 1a) rIL-2 3.0 MU/m2/24 hours +
rHuIFNa2a 5.0 MU/m2 , Ib) rIL-2 3.0 MU/m2/24 hours + rHuIFNa2a
10.0 MU/m2 , and 2a) rIL-2 4.5 MU/m2/24 hours + rHuIFNa2a 5.0
MU/m2 • Using the modified toxicity criteria described above,
unacceptable toxicity was produced at dose level 2a (rIL-2 4.5
MU/m2/24 hours + rHuIFNa2a 5.0 MU/m2 ). Unacceptable toxicity at
that dose level included CNS depression (3/6 patients, including
one instance attributed to sepsis) and dyspnea at rest (4/6
patients, including 2 requiring mechanical ventilation). These
and other toxicities proved reversible with the discontinuation
of therapy. other side effects included nausea and vomiting,
stomatitis, anorexia, fatigue, myalgias, arthralgias, insomnia,
diarrhea, neutropenia, thrombopenia, and abnormal liver and
renal function. Again, with the exception of those patients
requiring temporary intubation, therapy was managed on a regular
nursing floor.

Anti-tumor Effects of IL-2/IFNa

In our low dose bolus trial, 3 partial responses of
relatively short duration (4-12 weeks) were observed among the
55 patients treated. These responses were observed in malignant
melanoma (1/6 patients), renal cell carcinoma (1/12 patients),
and breast cancer (1/1 patient) [15]. In the high dose bolus
trial, 8 of the 57 treated patients responded [16]. Two partial
responses were observed among 21 patients with metastatic renal
cell carcinoma, while one of three patients with metastatic
breast cancer responded partially. Among 17 patients with
metastatic malignant melanoma were observed 2 complete and 3
partial responses; the two complete responses have proven
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durable, with both patients rema1n1ng in unmaintained complete
remission for periods exceeding 2 years.

Among the 23 patients treated with infusion rIL-2 in
combination with rHuIFNa2a in our Phase I trial, four partial
responses were produced [19]. One occurred in the single
patient with endometrial cancer who was treated, while the
remaining 3 were produced in the 7 patients with metastatic
renal cell carcinoma who were entered on this trial. One
patient with renal cell carcinoma was rendered disease free by
nephrectomy after extensive pulmonary metastases had resolved
completely. Although this patient suffered an isolated CNS
recurrence over one year post-therapy, this lesion was resected
and the patient remains alive in excess of two years after entry
on study.

In addition to the Phase I experience discussed above, we
have participated in multi-center Phase II trials of rIL-2 3.0
MU/m2/24 hrs given in combination with rHuIFNa2a 5.0 MU/m2 1M;
in these trials, both agents were given for four consecutive
days of four consecutive weeks. Thus, this infusion schedule
was somewhat less dose intense than the dose-schedule identified
by us as the MTD. Among 11 patients with renal cell carcinoma
entered on these trials, we have produced responses in 3
patients, while 2/10 patients with melanoma have responded in
the Phase II trials [20].

These results suggest that the combination of rIL-2 and
rHuIFNa2a can produce objective complete and partial remissions
in patients with metastatic malignancy. The data suggest that
the infusion schedule may be worthy of investigation in the
treatment of renal cell carcinoma. Further studies of the bolus
schedule should be performed in patients with malignant
melanoma.

Immunologic Effects of IL-2/IFNa Therapy

The combination of rIL-2 and rHuIFNa2a has been found to
produce increased NK and LAK activities in the peripheral blood
of treated patients in our studies [16,19]. Increases in
peripheral blood lymphocytes (PBL's) bearing the NK-cell marker
CD56 have also been observed. Although the total number of CD3+
T-cells in the peripheral blood did not change greatly in
treated patients, at least at the time points sampled, increases
in the number of circulating activated T-cells (CD3+CD25-HLADr+,
CD3+CD25+HLADr+) were seen [19]. Also of interest was the lack
of infiltration of lymphocytes bearing NK-markers into tumors,
despite the observation of changes in NK activity and numbers in
the peripheral blood [21]. Both prior to and during IL-2/IFNa
therapy, the majority of lymphocytes infiltrating tumors bear
the T-cell marker CD3. Although we have been unable to
demonstrate reproducible changes in the intensity or phenotypic
distribution of this lymphocytic infiltration as a consequence
of therapy, the intensity of the CD3+ infiltrate positively
correlates with HLA-Dr expression by tumor cells [21].

Conclusion

IL-2 is a powerful immunoregulatory cytokine whose in-vivo
effects may be affected by other immunomodulatory influences.
In order to advance the state of immunotherapy, it is important
that the immunologic events relevant to antitumor response be
clarified and that the effects of immunotherapeutic maneuvers on
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these immunologic parameters be studied. The dichotomy of
effects of IL-2 based therapy on peripheral blood and tumor
infiltrating lymphocytes suggests that immunologic studies that
focus on events occurring at the site of the tumor may be needed
in order to adequately understand the mechanisms by which tumor
regressions are mediated.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most common malignancy of the kidney
accounting for approximately 3% of all adult cancers. The tumor is more
common among urban dwellers and males, and occurs primarily in the fifth to
seventh decades of life. Overt symptoms accompanying RCC are often associat­
ed with advanced local or distant disease. Approximately two-thirds of the
all locally confined renal tumors are found incidentally (1). Surgical extir­
pation is the cornerstone of therapy of localized RCC. In spite of years of
research and many clinical trials, the management of metastatic disease
remains undefined.

NATURAL HISTORY

The etiology of RCC is unclear and little evidence is available to
incriminate any specific etiologic agent. It has been proposed that loss of
a gene or genes with tumor suppressor function might be associated with the
development of RCC (2). Recent evidence indicates that deletions and translo­
cations involving the short arm of chromosome 3 are important for the onco­
genesis and tumor progression of RCC (3). Transforming growth factor (TGF)­
alpha and beta are two tumor-produced regulatory growth factors that may be
related to the development of RCC (4). These studies could lead to further
understanding of the pathogenesis of RCC and highlight the genetic propensi­
ty to either enhanced metastatic spread or spontaneous degeneration.

The natural history of RCC is not always predictable. Some of the tu­
mors remain silent and are only discovered postmortem. Careful postmortem
studies in a series of 16,294 autopsies performed in Malmo, Sweden, revealed
350 cases of RCC, 235 of which had been unrecognized during life(5). These
otherwise clinically occult tumors are now being detected with increasing
frequency, due to the increased use of ultrasound, computed tomography and
magnetic resonance imaging. Because RCC outcome may be capricious, the im­
pact on the ultimate survival in this group of patients is yet to be deter­
mined.

Haematogenous spread of RCC is the most important and most frequent
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route to metastatic disease. Tumor extension through Gerota's fascia, lymph
node involvement, extension to contiguous organs, multiple distant metasta­
ses, and certain histological features (ie. high grade, aneuploidy, cell
type), have all been associated with poor prognosis (6). Ritchie et al. has
reported that the incidence of metastases at the time of presentation in
3159 patients with RCC was 23% (7). The reported survival in the presence of
metastatic disease is 73% at 6 months, 48% at 1 year and 9% at 5 years (8).

MANAGEMENT OF METASTATIC RENAL CELL CARCINOMA

The urologist and medical oncologist are often faced with the perplex­
ing problem of the patient with advanced renal cell carcinoma, including
those who present with metastases at the time of diagnosis and those in whom
the metastases develop after radical surgery. In our practice at UCLA those
2 groups combined account for approximately half of the patients with the
diagnosis of renal cell carcinoma. Surgery, chemotherapy, hormonal therapy,
and immunotherapy with or without surgery can be proposed as options for
management in such patients.

Nephrectomy

Nephrectomy in the presence of unresectable local or distant metastases
has not been of proven benefit. Golimbu et al. (9) reported 92 patients with
disseminated disease who underwent nephrectomy. The 5-year survival rate of
2.2 %was no better when compared to the survival of untreated stage IV pa­
tients. After adjunctive nephrectomy regression can be expected to occur in
less than 1 % of patients (10), with most regressions short-lived and the
mortality rate from the surgery ranging from 2 to 15 percent, depending
largely upon patient selection. It therefore, seems impossible to support
the routine practice of adjunctive nephrectomy in patients with metastatic
disease. Adjunctive nephrectomy, in order to reduce tumor load or to initi­
ate experimental therapy represent in our opinion the only indication for
surgery in asymptomatic patients with unresectable metastases. To this end,
the Southwest Oncology Group has initiated a randomi7.ed trial addressing the
role of nephrectomy in patients presenting with metastatic disease.

Hormone Therapy

As currently used, endocrine therapy is of only marginal benefit in
metastatic RCC. In vitro, progesterone is the only agent that has shown
antitumor effect. Hrushesky and Murphy (11) noted that the early enthusiasm
for androgenic and progestational therapies was generated by the lack of
strict response criteria. In a review of 110 patients at our institution, no
patient had an objective response to progestational agents (12).

Chemotherapy

Cytotoxic drugs remain the cornerstone of treatment of advanced solid
tumors, either alone or in combination. However, despite the remarkable
advances made in the treatment of some tumors, RCC remains one of the tumors
most refractory to standard chemotherapy. In a recent review by Yagoda (13),
the results of 39 agents evaluated in 2,120 patients were disappointing.
Only 8.7 percent of the patients achieved complete or partial response,
mostly of short duration, 5 months. At UCLA, vinblastine was the most potent
cytotoxic agent though no patient achieved a complete response (14). The
basis for this multidrug resistance (MDR) appears related to a transmembrane
glycoprotein (P-glycoprotein, P170) encoded by the HDR1 gene that functions
as an energy dependent drug efflux pump (15).
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IMMUNOTHERAPY

Metastatic RCC has been a target for a variety of treatment protocols
involving experimental agents or procedures, more commonly referred to as
biological response modifiers (BRMs). The broad spectrum of biologic activi­
ties displayed by these agents has stimulated considerable interest in the
oncologic community because of their potential application in the treatment
of malignant disease. This enthusiasm is mainly due to the recent advances
achieved in immunology and molecular biology. Most of the clinical studies
for RCC have a common rationale for BRM application, including the peculiar
behavior of metastatic RCC where instances of spontaneous regression of
established lesions have been well documented. Biological response modifi­
ers represent a broad class of agents that may affect tumor cells or host
cells in a variety of ways other than non-specific cytotoxicity. This may
include, but is not limited to, the regulation of the immune system and
tumor cell differentiation.

This approach to treatment can be classified into active and passive
categories. Passive or adoptive immunotherapy involves the transfer to the
tumor-bearing host of active immunologic reagents, such as cells with anti­
tumor reactivity, that can mediate either directly or indirectly, anti-tumor
effects. Active immunotherapy refers to the immunization of the tumor-bear­
ing host with agents that attempt to induce in the host a state of immune
responsiveness to the tumor. Non-specific immune stimulators include Bacil­
lus Calmette (BCG) vaccine, monoclonal antibodies, autologous tumor cells or
antigens, autologous tumor-specific vaccines, activated lymphocytes and a
variety of cytokines. The cytokines, referred to as lymphokines when pro·
duced by lymphocytes, are proteins which among other activities, regulate
various aspects of lymphocyte and macrophage proliferation and differentia­
tion. The first of these lymphokines to receive clinical use were the inter­
ferons, which were discovered more than 30 years ago.

Interferons

The interferons constitute a complex family of inducible cellular glyco·
proteins. The major species of interferon are designated alpha, beta, and
gamma according to antigenic type. The development of recombinant DNA tech­
niques has enabled the production of large quantities of purified lympho­
kines. Interferons initiate biological activity by binding to specific mem­
brane receptor sites on the cell surface. The mechanism of in vivo anti­
cancer proliferation is not well understood, but it could stem from a number
of cellular events, including direct cytotoxic or cytostatic effects, and
modulations of host-tumor immune interactions mainly conveyed by natural
killer (NK) cells and other cytotoxic subpopulations of effector cells. In
addition, malignant proliferation may be slowed by the inhibition of onco­
gene expression (16).

In 1983, the UCLA (17) and M.D. Anderson group (18) in independent stud­
ies reported on the regression of metastatic renal cell carcinoma with par­
tially purified human leukocyte interferon. Objective responses (complete
and partial response) occurred in 16.5% and 26% of patients, respectively.
Following this initial report numerous phase II trials with interferon-alpha
have confirmed a reproducible objective response rate of 15-20 percent
(19,20). Responses appear independent of the interferon-alpha preparation
utilized and correlate with prior nephrectomy, good performance status, a
long disease free interval and lung predominant disease. Patients with these
favorable prognostic variables have a higher overall response rate (21). In
the majority of patients a j-month course of rIFNa treatment is sufficient
to judge whether or not a patient is going to respond.
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Combination of interferon with vinblastine resulted in an overall effi­
cacy similar to that achieved by interferon alone, and demonstrated added
toxicity, without improving the overall response rate (22). The Recombinant
Human Interferon Gamma Research Group reported a trial of patients with
metastatic RCC in which a 9.4 %objective response rate was seen in patients
treated by continuous rIFNg infusion and a 20 % response rate in patients
administered rIFNg intermittently over 8 weeks (23).

Interleultins

The discovery of the T-cell growth factor, Interleukin-2 (IL-2) has
revolutionized the field of cancer immunotherapy and opened new prospects
for the treatment of RCC. Natural interleukin-2 is a lymphokine which is
produced and secreted by T lymphocytes. This glycoprotein molecule is inti­
mately involved in the induction of virtually all immune responses in which
T cells playa role (24). The antitumor effect of IL-2 has been documented
in tumor-bearing animal models (25). Interleukin-2 was reported to produce
objective response in some patients. Of the 54 evaluable patients treated at
the NCI with RCC, 4 CR and 8 PR were achieved, for a total (CR+PR) of 22
percent (26). The regimen used included high doses of IL-2 which resulted in
frequent and severe toxicity. However, in contrast, some studies (27) using
high-dose bolus of rIL-2, demonstrated no objective responses. The authors
suggest that this disparity compared to other results (26,28,29) was due to
the small number of patients treated and not ideal patient characteristics.
It has been shown that IL-2 can be administered at lower doses as a continu­
ous intravenous infusion, in an attempt to decrease the incidence and severi­
ty of toxicities (30).

Recombinant IL-2 has moderate-to-severe toxic effects, but can be admin­
istered over a prolonged period of time with appropriate dose reductions
(29). The possibility that a decrease in the dose intensity of rIL-2 may
decrease its efficacy is, however, only theoretical in renal cell carcinoma.
The duration of response, beyond 20 months in some series (29,31), is signif­
icant and noteworthy when compared to other treatment modalities used for
metastatic RCC.

COMBINATION BIOLOGIC TIlERAPY

The ability of the immune system to mediate antitumor effects may de­
pend on a series of immunoregu1atory signals. If this hypothesis is true,
then therapy with a combination of BRMs administered in combination may
prove to be beneficial for cancer patients and RCC patients in particular.
Combinations of cytokines have shown direct antitumor effect in vitro that
are both additive and synergistic (32).

Interferon Combination

The use of the combination of rIFNa and recombinant interferon gamma
(rIFNg)in the treatment of patients with metastatic RCC was based on the fol­
lowing observations: rIFNa has a distinct and separate receptor from that of
rIFNg (33,34); rIFNg can modulate the rIFNa receptor; IFNa enhances the
expression of major histocompatibility complex (MHC) class I antigens, while
IFNg primarily enhances MHC class 11(35); and IFNa with IFNg have synergis­
tic antipro1iferative effects in vitro (32). Although these observations
provide a rationale for the combined administration of these agents, the
schedule, dose and sequence have not been optimized. In preliminary trials
(36) the combination of rIFNa and rIFNg administered concomitantly did not
prove to be superior to rIFNa alone, and toxicity was increased. However in
a recent report (37) rIFNa and rIFNg administered sequentially induced clini­
cal response in eight (2 CR and 6 PR) of 30 assessable patients. The results
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of this study suggest that the efficacy and toxicity profile associated with
combination IFN therapy can be reduced by administering these agents sequen­
tially as opposed to simultaneously.

Interleukin-2 and Interferon

In an attempt to achieve an improved therapeutic index there has been
interest in combining interferon with IL-2. In experimental murine models
the combination of IL-2 and interferon-alpha resulted in better antitumor
effects than the administration of either agent alone (38,39). There are
many reports in the literature (40-42) utilizing rIL-2 and rINFa. These were
phase I trials which utilized different administration schedules of rIL-2
(continuous infusion or bolus) and different doses of either cytokine. In an
effort to exploit the in vitro synergy of the IL-2/INF combinations and the
potentially lower toxicity profile of continuous infusion of lL-2 (28,30),
we have performed a phase II trial in metastatic renal cell carcinoma. To
date, 30 patients with measurable disease RCC have been treated at UCLA with
r1L-2 (2MU/M2) by continuous intravenous infusion on days 1 through 4 and
Roferon-A (6MU/M2) 1M or SC on days 1 and 4 of each treatment week. Each 4
week treatment period (1 course) was followed by a two week rest. A 4 week
course was repeated until disease progression, unacceptable toxicity, or a
maximum of 6 courses. One complete response (3.3%) and eight (27%) partial
responses were observed for a total response rate of 30 percent. Two pa­
tients had a surgical complete response following a salvage nephrectomy.
Three patients had pathologically confirmed complete remissions following
clinical partial remissions in peripheral and mediastinal lymph nodes and a
recurrent renal fossa mass respectively. Patients responses were noted in
lung, mediastinum, lymph nodes, kidney and renal fossa. All pathologic com­
plete remissions are on going. Grade IV toxicity occurred in only 3 pa­
tients (10%). A grade IV cardiac toxicity occurred in one patient, whose
death was considered possibly treatment related. Grade III toxicity was
observed in 14 patients (46%). Ten patients (33%) required dose attenuation
(43,44). In a phase I trial of a very similar regimen Hirsh et al. (45)
reported objective responses in six of 12 assessahle (3 CR and 3 PR) pa­
tients with metastatic RCC who as in the UCLA study received the majority of
their treatment on an outpatient basis. Atzpodien et al. (46) has observed
similar activity in patients receiving long term administration of subcutane­
ous IL-2 and interferon-alpha.

At this relatively early stage of clinical inve5tigation, little objec­
tive information can be extracted from the literature with regard to the
role of prior nephrectomy in 11-2 based therapy. In our institution, two
patients who were treated with 11-2 and IFNa became free of distant metasta­
tic lesions while the primary tumor was in situ. Nephrectomy resulted in a
surgical complete response of these two patients. In addition, responses to
combination biologic therapy are not predominantly limited to lung lesions
as was commonly the case with prior IFNa alone trials.

Interleukin-2 and LAK

The incubation of resting lymphocytes in IL-2 for 3-4 days results in
the generation of cells capable of lysing a variety of fresh, NK-resistant
tumor cells, but not normal cells. This phenomenon was termed lymphokine
activated killing or LAK (47). Renal cell cancer patients, like normal do­
nors, generated good LAK effector cells with broad antitumor specificity
against autologous tumors and a variety of allogenic tumors. The treatment
regimens, results, and toxicities of the combination therapy with IL-2 and
LAK have been reported (26,48-50). Of seventy-two patients with RCC receiv­
ing LAK and high-dose IL-2 immunotherapy at the NCI eight patients experi­
enced CR and 17 patients had PR, for a total response (CR+PR) of 35 percent
(26). However in some reports, the addition of 1AK cell infusions to 11-2
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regimens did not cause a noticeable change in antitumor response rate, when
compared to IL-2 alone, but did cause more severe toxicity (48). Thus, the
contribution of LAK to the clinical responses associated with high dose IL-2
remains undefined.

FUTURE PROSPECTIVE

A new promising application of IL-2 is in combination with tumor infil­
trating lymphocytes (TIL). TIL are grown selectively from single-cell tumor
suspensions cultured in IL-2 (51). Whereas LAK cells are mainly activated NK
cells, TIL are activated cytotoxic T cells and show greater specificity in
their targets. In experimental systems TIL are 50-100 times as powerful as
LAK (52). Many trials including our own at UCLA are ongoing with encouraging
preliminary results. Current efforts are in progress to enhance the therapeu­
tic efficacy of TIL such as with in-vivo priming with interferon-alpha,
and by selecting subpopulation of TIL as potentially more potent effector
cells (53). Innovative approaches with the insertion of specific genes cod­
ing for specific biological response modifiers are the focus of present
studies with the hope of improving the therapeutic potency of activated
immune cells. Adoptive immunotherapy is an approach that can ideally be
combined with chemotherapy, radiation therapy, or many of the new biologic
response modifiers.

CONCWSION

Although the treatment of metastatic renal cell carcinoma remains a
difficult and frustrating problem for the surgical and medical oncologist,
there is a window of hope through the use of combination biologic therapy.
Although combination immunotherapy remains experimental, it seems promising
in selected groups of patients. Adoptive immunotherApy and combined cytokine
administration appears to be the most promising. However, th~ir current use
must be restricted to clinical trials until their efficacy and toxicity are
well established.

Major problems remain that must be overcome if therapy with BRMs is to
be widely used. Clinical studies designed to increAse the therapeutic effect
and decrease the toxicity profile are needed, including further investiga­
tion of dose modification and treatment schedules, the use of repetitive
treatments in responding patients, and the extension of those treatments to
the adjuvant patient.

Patient selection is yet another important issue. In addition to identi­
fying important clinical predictors of survival in patients with recurrent
or metastatic RCC (54), molecular biology studies are underway in an attempt
to better recognize suitable candidates for more aggressive forms of therapy.

REFERENCES

1. I. M. Thompson and M. Peek, Improvement in survival of patients with
renal cell carcinoma, The role of s~rendipitously detected tumor, 4
Urol, 140:487 (1988).

2. B. Ponder, Gene losses in human tumors, Nature 335:400 (1988).
3. G. Kovacs and S. Frisch, Clonal chromosome abnormalities in tumor cells

from patients with sporadic renal cell carcinoma, Cancer Res 49:651
(1989).

4. L. G. Gomella, E. R. Sargent, T. P. Wade, P. Anglard, W. M. Linehan, and
A. Kasid, Expression of transforming growth factor a in a normal

62



adult kidney and enhanced expression of transforming growth factors a
and Bi in renal cell carcinoma, Cancer Res 49:6972 (1989).

5. S. Hel1sten, T. Berge, and L. Weh1in, Unrecognized renal cell carcinoma:
Clinical and diagnostic aspects, Scand J Urol Nephrol 8:269 (1981).

6. J. B. deKernion, Management of renal adenocarcinoma, in: "Genitouri­
nary Cancer Management", J. B. deKernion and D. B. Paulson ed., Lea
and Febiger , Philadelphia (1987).

7. A. W. S. Ritchie and J. B. deKernion, The natural history and clinical
features of renal carcinoma, Sem Neph 7:131 (1987).

8. J. D. Maldazys and J. B. deKernion, Prognostic factors in metastatic
renal carcinoma, J Urol 136:376 (1986).

9. M. Golimbu, P. Joshi, A. Sperber, A. Tessler, S. Al-Askari and P. Morales
Renal cell carcinoma: Survival and prognostic factors, Urology
27:291 (1986).

10. J. B. deKernion and D. Berry, The diagnosis and treatment of renal cell
carcinoma, Cancer 45:1947 (1980).

11. W. J. Hrushesky and G. P. Murphy, Current status of the therapy of
advanced renal carcinoma, J Surg Oncol 9:277 (1977).

12. J. B. deKernion, K. D. Ramming, and R. B. Smith, The natural history of
metastatic renal cell carcinoma: A computer analysis, J Urol
120:148 (1978).

13. A. Yagoda, Chemotherapy of renal cell carcinoma: 1983-1989, Sem Urol
7:199 (1989).

14. J. B. deKernion, Treatment of advanced renal cell carcinoma. Traditional
and innovative approaches, J Urol 130:2 (1983).

15. Y. Kakehi, H. Kanamaru, O. Yoshida, H. Ohkubo, S. Nakanishi, M. M.
Gottesman, and I. Pastan, Measurement of multidrug resistance messen­
ger RNA in urogenital cancers; Elevated expression in renal cell
carcinoma is associated with intrinsic drug resistance, J Urol
139:862 (1988).

16. J. M. Kirkwood and M.S. Ernstoff, Interferons in the treatment of human
cancer, J Clin Onco1 2:336 (1984).

17. J. B. deKernion, G. Sarna, R. A. Figlin, A. Lindner, and R. B. Smith,
The treatment of renal cell carcinoma with human leukocyte alpha
interferon, J Urol 130:1063 (1983).

18. J. R. Quesada, D. A. Swanson, A. Trindade, and J. U. Gutterman, Renal
cell carcinoma: Antitumor effects of leukocyte interferon, Cancer
Res 43:940 (1983).

19. T. Umeda and T. Nijiima, Phase II study of alpha interferon on renal
cell carcinoma, Cancer 58:1231 (1986)

20. R. A. Figlin, J. B. deKernion, E. Mukamel, A. V. Palleroni, L. M. Itri,
and G. Sarna, Recombinant interferon alpha-2a in metastatic renal
cell carcinoma: Assessment of antitumor activity and anti-interferon
antibody formation. J C1in Onco1 6:1604 (1988).

21. G. Sarna, R. A. Fig1in, and J. B. deKernion, Interferon in renal cell
carcinoma: The UCLA experience, Cancer 59:610 (1987).

22. R. A. Figlin, J. B. deKernion, J. Ma1dazys, and G. Sarna, Treatment of
renal cell carcinoma with alpha (human leukocyte) interferon and vin­
blastine in combination: a phase I-II trial, Cancer Treat Rep
69:263 (1985).

23. Recombinant Human interferon gamma (S-6810) research group on renal cell
carcinoma. Phase II study of recombinant human interferon gamma (S­
6810) on renal cell carcinoma. Summary of two collaborative studies.
Cancer 60:929 (1987).

24. J. J. Farrar, W. R. Benjamin, M. L. Hilfiker, M. Howard, W. L. Farra,
and J. Fuller-Farrar, the Biochemistry, biology, and role of inter­
leukin-2 in the induction of cytotoxic T-cell and antibody-forming B
cell responses, Immunological Rev 63:129 (1982).

25. S. A. Rosenberg, J. J. Mule, P. J. Spiess, C. M. Reichart, and S. L.
Schwarz, Regression of established pulmonary metastasis and

63



subcutaneous tumor mediated by the systemic administration of high­
dose recombinant interleukin-2, J Exp Med 161:1169 (1985).

26. S. A. Rosenberg, M. T. Lotze, J. C. Yang, P. M. Aebersold, W. M. Linehan,
C. A. Seipp, and D. E. White, Experience with the use of high-dose
Interleukin-2 in the treatment of 652 cancer patients, Ann Surg
210:474 (1989).

27. J. S. Abrams, A. A. Rayner, P. H. Wiernik, D. R. Parkinson, M. Eisen­
berger, F. R. Aronson, R. Gucalp, M. B. Atkins, and M. J. Hawkins ,
High-dose recombinant interleukin-2 alone: A regimen with limited
activity in the treatment of advanced renal cell carcinoma, J Natl
Cancer Inst 82:1202 (1990).

28. J. A. Sosman, P. C. Kohler, J. Hank, K. H. Moore, R. Bechhofer, B. Storer
and P. M. Sondel, Repetitive weekly cycles of recombinant human
interleukin-2: responses of renal carcinoma with acceptable toxicity,
J Natl Cancer Inst 80:60 (1988).

29. R. M. Bukowski, P. Goodman, E. D. Crawford, J. S. Sergi, B. G. Redman,
and R. P. Whitehead, Phase-II trial of high-dose intermittent inter­
leukin-2 in metastatic renal cell carcinoma: A Southwest Oncology
Group Study, J Natl Cancer Inst 82:143 (1990).

30. W. N. West, K. W. Tauer, J. R. Yannelli, G. D. Marshall, D. W. Orr, G.
B. Thurman, and R. K. Oldham, Constant infusion recombinant inter leu­
kin-2 in adoptive immunotherapy of advanced cancer. N Engl J Med
316: 898 (1987).

31. S. R. Rosenberg, M. T. Lotze, L. M. Muul, A. E. Chang, F. P. Avis, S.
Leitman, W. M. Linehan, C. N. Robertson, R. E. Lee, J. T. Rubin, C.
A. Seipp, C. G. Simpson, and D. E. White, A progress report on the
treatment of 157 patients with advanced cancer using lymphokine-acti­
vated killer cells and interleukin-2 or high-dose interleukin alone,
N Engl J Med 316:889 (1987).

32. A. J. Beniers, W. P. Peelen, and B. T. Hendricks, Effect of alpha- and
gamma-interferon and tumor necrosis factor on colony formation of two
human renal tumor xenografts in vitro. Sem Surg Oncol 4:195 (1988).

33. J. A. Langer, J. R. Ortaldo, and S. Pestka, Binding of human alpha­
interferon to natural killer cell, J Interferon Res 6:97 (1986).

34. S. J. Littman, C. R. Faltynek, and C. Baglioni, Bi.nding of human recom­
binant I E125-interferon gamma receptors on human cells, J BioI
Chem 260:1191 (1985).

35. T. Stewart ed., "The Interferon System", San Diego, Academic (1979).
36. J. Reinhart, L. Malspeis, D. Young, and J. Neidhart, Phase I-II of human

recombinant beta-interferon serine in patients with renal cell carci­
noma, Cancer Res 46:5364 (1986).

37. M. S. Ernstoff, S. Nair, R. R. Bahnson, L. M. Miketic, B. Banner, W.
Gooding, R. Day, T. Whiteside, T. Hakala, and J. M. Kirkwood, A phase
1A trial of sequential administration recombinant DNA-produced inter­
ferons: Combination recombinant interferon gamma and recombinant
interferon alfa in patients with metastatic renal carcinoma, J Clin
Oncol 8:1637 (1990).

38. M. J. Brunda, D. Bellantoni, and V. Sulich, In vivo antitumor activity
of combinations of interferon-a and interleukin-2 in a murine model.
Correlation of efficacy with the induction of cytotoxic cells resem­
bling natural killer cells, Int J Cancer 40:365 (1987).

39. R. B. Cameron, J. K. McIntosh, and S. A. Rosenberg, Synergistic anti­
tumor effects of combination immu~otherapy with recombinant inter leu­
kin-2 and recombinant hybrid alpha-interferon in the treatment of
established murine hepatic metastases, Cancer Res 48:5810 (1988).

40. R. M. Bukowski, S. Murthy, J. Sergi, T. Budd, S. McKeever, S. V.
Medendorp, R. Tubbs, V. Gibson, and J. Finke, Phase I trial of contin­
uous infusion recombinant interleukin-2 and intermittent recombinant
interleukin-alph2a: Clinical effects, J BioI Response Mod 9:538
(1990).

64



41. K. H. Lee, M. Taplaz, J. M. Rothberg, J. L. Murray, N. Papadopoulos, C.
Plager, R. Benjamin, D. Levitt, and J. Gutterman, Concomitant adminis­
tration of recombinant human interleukin-2 and recombinant inter­
feron-alpha2a in cancer patients: a phase I study, J Clin Oncol
7: 1726 (1989).

42. S. A. Rosenberg, M. T. Lotze, J. C. Yang, M. Linehan, C. Seipp, S.
Calabro, S. E. Karp, R. M. Sherry, S. Steinberg, and D. E. White,
Combination therapy with interleukin-2 and alpha interferon for the
treatment of patients with advanced cancer, J Clin Oncol 7:1863
(1989).

43. R. A. Figlin, M. Citron, R. Whitehead, J. deKernion, M. Desner, A.
Smith, G. Jones, and D. Levitt, Low dose continuous infusion recombi­
nant human interleukin-2 and Roferon-Aj An active outpatient regimen
for metastatic renal cell carcinoma, Proceedings of ASCO 9:142
(1990) .

44. A. Belldegrun, A. S. Abi-Aad, J. B. deKernion, and R. A. Figlin, Con­
comitant administration of recombinant human interleukin-2 in metasta­
tic renal cell carcinoma: A UCLA Phase II pilot study, Proceedings
of the AUA, in press, (1991).

45. M. Hirsh, A. Lipton, H. Harvey, E. Givant, K. Hopper, G. Jones, J.
Zeffren, and D. Levitt, Phase I study of interleukin-2 and interferon
alfa-2a as outpatient therapy for patients with advanced malignancy,
J Clin Oncol 8:1657 (1990).

46. J. Atzpodien, A. Korfer, C. R. Franks, H. Poliwoda, and H. Kirchner,
Home therapy with recombinant interleukin-2 and interferon-alpha2b in
advanced human malignancies, Lancet 335:1509 (1990).

47. S. A. Rosenberg, Lymphokine-activated killer cells: A new approach to
the immunotherapy of human cancer, Cancer 55:1327 (1985).

48. M. R. Albertini, J. A. Sosman, J. A. Hank, K. H. Moore, A. Borchert, K.
Schell, P. C. Kohler, R. Bechhofer, B. Storer, and P. M. Sondel, The
influence of autologous lymphokine-activated killer cell infusion on
the toxicity and antitumor effect of repetitive cycles of inter leu­
kin-2, Cancer 66:2457 (1990).

49. J. W. Clark, J. W. Smith II, R. G. Steis, W .J. Urba, E. Crum, R. Mill
er, J. McKnight, H. C. Stevenson, S. Creekmore, M. Stewart, K. Con­
lon, M. Sznol, P. Kremers, P. Cohen, and D. L. Longo, Interleukin 2
and lymphokine-activated killer cell therapy: Analysis of a bolus
interleukin 2 and a continuous infusion interleukin 2 regimen, Can­
cer Res 50:7343 (1990).

50. E. R. Gaynor, G. R. Weiss, K. A. Margolin, F. R. Aronson, M. Sznol, P.
Demchak, K. H. Grima, R. I. Fisher, D. H. Boldt, J. H. Doroshow, H.
H. Bar, H. J. Hawkins, J. W. Hier, and G. Caliendo, Phase I study of
high-dose continuous-infusion interleukin-2 and autologous lympho­
kine-activated killer cells in patients with metastatic or unresec­
table malignant melanoma and renal cell carcinoma, J Natl Cancer
Inst 82:1397 (1990).

51. A. Belldegrun and S. A. Rosenberg, Adoptive immunotherapy of urologic
tumors, in: "Urologic Oncology", H. Leporand T. L. Ratliff eds.,
Kluwer Academic Publishers, Boston (1989).

52. P. J. Spiess, J. C. Yang, S. A. Rosenberg, In vivo activity of tumor­
infiltrating lymphocytes expanded in recombinant interleukin-2, ~

Natl Cancer Inst 79:1067 (1987).
53. A. S. Belldegrun, R. A. Figlin, A. S. Abi-Aad, and J. B. deKernion,

Adoptive immunotherapy of renal carcinoma using tumor infiltrating
lymphocytes: From basic science to clinical practice, Proceeding of
AUA Western Section, in press, (1991).

54. P. J. Elson, R. S. Witte, and D. L. Trump, Prognostic factors for sur­
vival in patients with recurrent or metastatic renal cell carcinoma,
Cancer Res 48:7310 (1988).

65



MAINTENANCE TREATMENT WITH RECOMBINANT INTERFERON ALFA-2b PROLONGS

REMISSION AND SURVIVAL IN PATIENTS WITH MULTIPLE MYELOMA RESPONDING TO

INDUCTION CHEMOTHERAPY

Franco Dammacco, Giuseppe Avvisati*, Mario Boccadoro§,
Vito Michele Lauta, Rita Di Stefano, Alessandro Pileri§,
Franco Mandelli*

Department of Biomedical Sciences and Human Oncology,
Section of Internal Medicine,
University of Bari Medical School;
* Department of Human Biopathology, Section of Hematology,
University "La Sapienza", Rome;
§ Department of Experimental Hematology and Oncology,
Section of Hematology,
University of Turin

Experimental studies of myeloma cells have shown that interferon can
decrease both the labeling index of such cells and the capacity for
self-renewal in myeloma-forming cells'. However, when IFN was used as a
single induction agent in previously treated or untreated patients with

2-514M, an overall response rate of approximately 20% has been found .
We decided to evaluate whether recombinant interferon (rIFN)- a2b is

effective as maintenance therapy for prolonging response and survival in
patients with multiple myeloma (14M) responding to induction chemotherapy.

PATIENTS AND METHODS

105 patients with 14M, diagnosed at three participating institutions
(Bari, Rome and Turin), were enrolled in the study. They had responded to
induction chemotherapy consisting of 12 monthly courses of orally
administered melphalan plus prednisone (MP) for 7 days or a combination
regimen of vincristine, melphalan, cyclophosphamide, and prednisone (VMCP)

alternating with a regimen of vincristine, BCNU, doxorubicin, and
prednisone (VBAP). Criteria to define "objective response" or "disease
stabilization" were described elsewhere 6.

Of the 105 patients admitted, 80 achieved an objective response and
25 disease stabilization. 4 patients dropped out so that a total number of
101 patients entered the study. After stratification based on their
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first-line induction therapy, patients were randomized to receive IFN as
maintenance treatment (50 patients) or no therapy (51 patients). rIFN- a 2b
(Essex Italia-Schering Corp.) was given s.c. three times a week in a dose
of 3 MU/m 2/body surface area until relapse. Although patients were not
allowed to take corticosteroids throughout the study, they were free to
use acetaminophen to reduce side-effects. Clinical and laboratory features
were assessed in all patients at monthly intervals. On these same
occasions serum samples were collected and deep-frozen until they were
thawed and assayed for the occurrence of antibodies to IFN.

Patients were defined as having relapse in the presence of one or
more of the following parameters: a) an increase of 25% or more in the
serum level of the M-component above the nadir; b) an increase in the
urinary output of the M-protein to 2g/day; c) the reappearance of the
M-component in serum and/or urine; d) an increase in the size or number of
osteolytic lesions.

The durations of response and survival for both the IFN group and
control group were plotted as Kaplan-Meier curves, and differences between
the curves were analyzed using the log-rank test.

RESULTS

No significant differences were detected in the two study groups as
regards their clinical and laboratory features, including isotypes of the
M-component, disease stage, serum ~ 2-microglobul in level, and label ing

Table 1. Follow-up of patients

Patients died

Patients relapsed

Patients still alive and
responding to first treatment

Median duration of response

Median duration of survival
(from randomization)

Median duration of survival
(from relapse)

IFN GROUP
(N. 50)

14 (28%)

25 (50%)

21 (42%)

26 months

52 months

35 months

CONTROL GROUP
(N. 51)

23 (45%)

41 (80%)

8 (16%)

14 months *

39 months **

16 months

*

68

p

** p
0.0002
0.0526
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Fig. 1. Response and survival of patients belonging to the interferon
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permission) .
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index. In addition, the type of response to induction treatment, namely
objective response or disease stabilization, was also similar in the two

groups.
Because of poor compliance, only 2 patients were drop-outs and

discontinued IFN therapy. During follow-up death was recorded in 37
patients (36.6%) : 14 of them (28%) belonged to the IFN group and 23 (45%)
to the control group ('i'able 1). As expected, disease progression was the
most frequent cause of death in both groups (10 patients and 21 patients,
respectively) .

Assessment of Relapse

An overall relapse rate of 65% has been observed so far. 25 (50%) of
the 66 relapsing patients were from the IFN group and the remaining 41
(80%) from the control group. Furthermore, as it appears in Fig. I, the
median duration of response (calculated from the completion time of
induction therapy) was 26 months in the IFN group as compared with 14
months in the control group, and this difference is statistically
significant (p=0.0002). However, when patients were grouped on the basis
of the type of response to induction chemotherapy, the duration of
response among patients achieving an objective response was significantly
better in the IFN group (p=O. 0008). On the contrary, no di fference was
observed between the two groups in terms of response duration when
patients with disease stabilization were compared.

Analysis of Survival

When lastly evaluated, the median duration of survival was found to
be 52 months in the IFN group and 39 months in the control group. This
difference was not significant (p=0.0526). However, it was found again
that patients who had achieved an objective response to induction
chemotherapy and had been assigned to the IFN group showed a significantly
longer duration of survival (p=0.0352). Conversely, no difference in
survival was observed between the IFN group and the control group when
patients with disease stabilization at the end of induction treatment were
considered.

Toxicity

Antibodies to IFN were not detected in any of the serum samples. At
the dose of 3 MU/m2 s.c. three times a week toxic reactions were milo and
usually limited to an influenza-like syndrome which gradually faded after
3 to 4 weeks of treatment.

DISCUSSION

The present study clearly indicates that maintenance therapy with IFN
is effective in controlling the reappearance of the plasma cell tumor and
that among patients who had achieved an objective response to first-line
induction chemotherapy, those receiving rIFN- a 2b showed a significantly
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longer overall response and a longer survival as compared to the group of

untreated control patients 6•
It seems likely that IFN is capable of decreasing the cell-growth

rate, thus explaining the effectiveness of the drug in controlling the
plateau phase in chemotherapy-responsive patients, in whom the tumor mass
is obviously reduced. On the contrary, and as it would be expected on the
basis of this hypothesis, the durations of response and survival were not
significantly different among patients achieving disease stabilization,
irrespective of whether they received maintenance IFN treatment or not.

Although additional explanations are obviously conceivable, the
observation made by Bergsagel et a1 7• (1986) seems worth mentioning: these
Authors have indeed found that IFNs can inhibit the capaci ty of myeloma
cells for self-renewal, thus resul ting in a prolongation of the plateau
phase. It seems, therefore, reasonable to suggest that, under the
condi tion of this study, rIFN- a2b can exert both immunomodulating
properties and inhibitory effects on the proliferation of myeloma plasma
cells.
It has been established that the bone marrow plasma cell label ing

index (LI %) and the serum level of ~2-microglobulin (~2m) have
undisputable prognostic significance 8 , in that a LI ~2% and/or a ~2m

I eveI ~ 509 nmol / I imply a poor prognosis and a very short survival.
Al though patients were not prospectively stratified according to these
prognostic criteria, patients with a LI ~2% and/or wi th ~ 2m levels ~509

nmol/l were equally distributed between the two study groups.
With a standardized dose of 3 MU/m 2 of IFN s.c. tnree times a week,

the level of toxicity was acceptable, the most common side-effect being an
influenza-like syndrome of mild to intermediate severity which faded
gradually after 3 to 4 weeks of treatment. Hematologic toxicity was also
absent or moderate and in none of the patients receiving this dose was it
necessary to discontinue IFN administration.

On the basis of our experience, it can be concluded that maintenance
treatment with rIFN- a2b is capable of significantly prolongig the
durations of response and survival in patients with MM responding to
induction chemotherapy.
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INTRODUCTION

Recombinant DNA technology has provided the clinician with a
variety of biological response modifiers (BRMs) to combine with
conventional cytotoxic agents. Preclinical models have suggested
interactions between particular BRMs and cytotoxic agents ranging from
antagonistic to synergistic. These conflicting preclinical results
reflect variations in cell lines, assays, concentrations, duration of
the regimen, and sequence of exposure. 1 The bases for developing
combination chemotherapy regimens, such as increasing dose intensity
and combining drugs that have independent antitumor activity, may not
apply to those for combining BRMs and cytotoxic drugs. Thus, the
rationale for adding BRMs to chemotherapy may be more complex than for
combining chemotherapy drugs.

The following discussion addresses possible mechanisms of
interaction between BRMs and chemotherapeutic agents and presents a
clinical example in which recombinant interferon alfa-2a (rIFN-2a) was
used with 5-fluorouracil (5-FU) in the treatment of advanced colorectal
carcinoma.

MECHANISMS OF INTERACTION

Most clinical studies of BRMs combined with chemotherapeutic agents
have been designed empirically, frequently without a clear
understanding of the interaction between these agents. Little is
known, for example, about the dosages of BRMs required to achieve the
desired biological effects or about the proper sequencing of the
biological and cytotoxic agents. Possible mechanisms of interaction
include the following:

1. A BRM and a chemotherapeutic agent used together may lead to greater
tumor reduction because of the direct, independent, antitumor
activity of each agent.
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2. Biological agents may provide protection against the toxicities of
chemotherapy. One example of this interaction is the use of
granulocyte-macrophage colony-stimulating factors to reduce the
duration of chemotherapy-induced neutropenia. In addition,
interferon decreased 5-FU toxicity in a murine model. 3

3. A BRM may alter the pharmacokinetics of the chemotherapeutic agent.
In a recent study, for example, 5-FU plasma clearance decreased in
the presence of rIFN-2a. 3

4. BRMs may modulate the action of chemotherapeutic agents on key
enzymes. In the adenocarcinoma 38 and HL-60 cell lines, enhanced
accumulation of 5-fluoro-2-deoxyuridine 5-monophosphate (FdUMP) was
observed in interferon-treated cells after exposed to 5-FU.4 FdUMP
inhibits thymidylate synthase (TS); as a result, DNA synthesis is
inhibited.

5. BRMs may alter the drug resistance mechanisms of chemotherapeutic
agents. For instance, 5-FU may acutely induce TS, thereby decreasing
5-FU sensitivity. Gamma interferon can reverse the development of
resistance to 5-FU in the H630 cell line by inhibiting the
overexpression of TS resulting from previous 5-FU therapy. 5

6. The increased immunomodulating actions of both the cytotoxic agent
and the BRM on natural killer cells may enhance their antitumor
activity.6

7. The BRM activates host defense mechanisms that, when combined with
the cytotoxic action of the chemotherapeutic agent, may lead to
enhanced antitumor activity.

8. BRMs may alter cell-cycle kinetics, which may lead to increased
cytotoxicity of the chemotherapeutic drug.

In addition to these possible mechanisms, chemotherapeutic agents
may function independently as immunomodulators. For example, at doses
of 300-500 mg/m2 , cyclophosphamide selectively depletes suppressor T­
cell populations. 7

The mechanisms by which BRMs and chemotherapeutic agents work
together to enhance antitumor activity are thought to be one or several
of the above; the actual mechanisms, however, remain to be identified.
The following clinical example of rIFN-2a and 5-FU used together to
treat advanced colorectal carcinoma may provide insight into the
problems of combining these agents.

CLINICAL TRIALS

Introduced into clinical practice over 30 years ago, 5-FU has
remained the major chemotherapeutic agent in the treatment of
metastatic colorectal carcinoma. Yet although a variety of doses and
schedules have been used, 5-FU has not altered the survival rate of
patients with metastatic disease. 8 Recent attempts to modulate 5-FU
biochemically by adding folinic acid (calcium leucovorin) have been
successful, allowing improved response rates in comparison with single­
agent 5-FU. Several trials have indicated a small yet statistically
significant survival advantage.g,lO

Recombinant interferon alfa 2-a is an active neoplastic agent
against a variety of neoplasms, including renal cell carcinoma, chronic
myelogenous leukemia, and hairy cell leukemia. However, clinical
trials examining the use of rIFN-2a alone in metastatic colorectal
carcinoma have failed to demonstrate antitumor activity.11

74



Investigators from the Albert Einstein Cancer Center initiated
clinical studies based on preclinical data that suggested a synergistic
relationship between rIFN-2a and 5-FU. Their first trial demonstrated
a response rate of 76%, with 13 of 17 previously untreated patients
responding. 12 Since clinical trials using 5-FU with folinic acid have
generally provided response rates of only 30-35%, investigators from
other institutions also became interested in this combination.

Presented below are the results of four clinical trials examining
the use of 5-FU with rIFN-2a. These clinical trials all employed the
following treatment regimen: 9 x 10 6 U of rIFN-2a was administered
subcutaneously three times weekly throughout the treatment; 750 mg/m2

of 5-FU was administered daily for 5 consecutive days as a continuous
intravenous infusion, followed by a weekly bolus administration of 750
mg/m2 of 5-FU. None of the patients in these trials had been
previously treated with chemotherapy, and all had measurable disease.
The differences in the response rates and frequencies and severity of
the toxicities observed in these studies may reflect different patient
characteristics, such as performance status and degree of metastatic
hepatic involvement, as well as the different dose modifications for
toxicity that were used.

Response Rates13- 16

Investigators at the Albert Einstein Cancer Center extended their
study with the above combination to treat 32 patients with advanced
colorectal carcinoma who were previously untreated with chemotherapy.
In all patients, the cancer had metastasized to either the visceral
organs, the abdominal wall, or the pelvis. A response rate of 63% (95%
confidence interval: 46,79%) was observed. Twenty patients experienced
a partial response. At a median follow-up of 8 months, 23 of the 32
patients were still alive.

Fifty-two patients were enrolled in a clinical trial of this
regimen at The University of Texas M. D. Anderson Cancer Center.
Fifty-one patients were evaluable for toxicity, and 45 were evaluable
for response. Fifteen patients experienced partial responses, and one
achieved a complete clinical response, for an overall response rate of
35% (95% confidence interval: 22, 50%). The median response duration
was 7 months. The median survival was 16 months. At a median follow­
up of 18 months (with a range of 16-24 months), 60% of the patients had
died.

In a study of 34 evaluable patients treated at Memorial Sloan­
Kettering Cancer Center, 9 patients (26%) (95% confidence interval:
11,41%) had partial responses, and 7 had minor responses; 9 had stable
disease. A median response duration of 7.5 months was reported.

In a multi-institutional Eastern Cooperative Oncology Group (ECOG)
trial of 38 patients with advanced colorectal carcinoma, an objective
response rate of 42% (95% confidence interval: 27,58%) was observed.
Of 36 evaluable patients entered in this trial, 14 experienced partial
responses, and one had a complete clinical response.

Toxicity (13-16)

In these four trials, similar types of toxicities were reported;
the frequency and severity of the toxicities, however, appeared to
differ. Serious toxicities included leukopenia, diarrhea, oral
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mucositis, infection, rash, and neurological toxicity. A syndrome of
profuse, watery diarrhea with subsequent neutropenia was observed in
three patients, whose subsequent deaths were treatment related. A
fourth treatment-related death was attributed to bilateral interstitial
pneumonitis. Fevers and myalgias ascribed to rIFN-2a were observed in
all patients.

Mucositis, generally occurring after the continuous infusion of
5-FU, was the most prominent toxicity observed in the M. D. Anderson
Cancer Center trial. Grade 3 mucositis--confluent oral ulcerations
with severe symptoms--was observed in 37% of the patients. It was
observed in 40% of the patients in the Albert Einstein trial, but only
9% developed grade 3 mucositis. In the ECOG trial, 31% of the patients
developed mucositis, and in the Memorial Sloan-Kettering trial, it was
reported in 10%.

In the Memorial Sloan-Kettering trial, neurological toxicity was
the most common serious toxicity leading to major dose modifications.
Twelve patients (34%) developed neurological toxicities, including gait
disturbances, dizziness, dementia, confusion, and memory loss.
Investigators from M. D. Anderson observed drug-related seizures in two
patients. In the Albert Einstein trial, one person with a previous
seizure disorder experienced a complex partial seizure, and another was
hospitalized for stupor, which resolved upon discontinuation of rIFN­
2a. Two patients in the ECOG trial developed slurred speech and gait
disturbances.

The degree of myelosuppression differed among the trials. Grade 3­
4 leukopenia was noted in 16% of the patients treated in the Albert
Einstein Cancer Center. At Memorial Sloan-Kettering, grade 3
leukopenia occurred in 6% of the patients treated. In the M. D.
Anderson study, 18% of the patients developed grade 4 granulocytopenia
«500/mL), and 25% developed grade 3 granulocytopenia (500-900/mL); six
of these patients required hospitalization for granulocytopenic fevers.
In the ECOG trial, 16% of the patients developed grade 4
granulocytopenia.

These clinical experiences suggest greater toxicity of 5-FU when
combined with rIFN-2a; thus, the observations conflict with the
preclinical observation that interferon protects against 5-FU toxicity.
This relationship was observed when the interferon inducer
polyinosinic-polycytidylic acid and 5-FU were coadministered to mice
bearing colon tumor 26, allowing the dose of 5-FU to be increased
significantly, thus increasing tumor reduction. 2

In contrast to the results of cytotoxic combination chemotherapy,
higher doses of rIFN-2a may not lead to greater antitumor activity. In
a phase I clinical study of 5-FU and rIFN-2a conducted at the Albert
Einstein Cancer Center, the maximum tolerated dose of rIFN-2a when
combined with 5-FU was 15-18 x 10 6 U three times weekly. The dose­
limiting toxicity of the regimen was fatigue. The maximum antitumor
responses, however, were observed in patients treated with 6-9 x 106 U
of rIFN-2a three times weekly.17

CONCLUSION

Because the mechanisms of interaction between biological agents and
chemotherapeutic agents are poorly understood, the schedules and doses
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of these agents have been empirically derived. A clear relationship
may not exist between maximum tolerated dose and optimal therapeutic
dose for biological agents. Preclinical animal tumor systems may not
accurately predict a clinical situation.

Whether the addition of rIFN-2a to 5-FU in this schedule represents
an advance in the treatment of metastatic colorectal carcinoma remains
to be seen. Similar response rates and survival data have been
observed with intensive single-agent 5-FU and with regimens of 5-FU
plus folinic acid. Current randomized trials comparing this regimen
with 5-FU and with 5-FU in combination with folinic acid may clarify
the effectiveness of 5-FU with rIFN-2a.
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INTRODUCTION

Nowadays primary lung cancer is the most frequent
malignant tumor in males and one of the most frequent in
females: It is probably one of the most serious mali­
gnancies around.

until now post-surgical adjuvant polychemotherapy or
combination chemotherapy in advanced cancers have failed to
amegliorate the prognosis and, moreover, their undesired side
effects represent one of the main obstacles to further
improvement of these treatments. The same can be said of
radiotherapy as treatment in itself or combined with surgery
and/or chemotherapy.

These facts have suggested the use of immunological
procedures (immunotherapy) in the treatment of primary lung
cancer: BCG, Levamisole, Corynebacterium parvum and other
substances have been used alone or as aids to other thera­
pies (surgery, chemo-radiotherapies). However, to date
results are inconclusive. A number of studies have failed to
shown that the efficacy of chemoimmunotherapy is superior to
chemotherapy alone (1,2,3). However, some comparative clini­
cal trials with chemoimmunotherapy in lung cancer have
produced favourable results (4,5).

Among immunomodulators, Thymic factors or hormones have
been widely used in primary and secondary immunodeficien­
cies, because of their ability and activation of T-cells. In
advanced tumors a secondary immunodeficiency is quite inva­
riably present and this can induce an increased frequency of
infections, an impairment of bone marrow cells to undergo
complete maturation and perhaps an enhancement of ability to
give metastases of primitive malignant cells, as demonstrated
in experimental animals. This justifies the use of biologi­
cal immunomodifiers like Thymic hormones. These have been
isolated, prepared and synthesized (6,7) and many of them
are well characterized (alpha and beta-thymosins, thymopoie­
tin and its 32-36 synthetic derivative pentapeptide, thymic
serum factor, thymic humoral factor) while others (like
thymostimulin from bovine thymus) have been widely employed
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in various clinical trials. As far as lung cancer is concer­
ned, few trials have so far been undertaken using thymic
hormones, whereas no clinial trials have been as yet repor­
ted using Interferons (IFNs ) in lung cancer.

MATERIAL AND METHODS

Our group began, four years ago, a randomized clinical
atrial to evaluate the effects of the addition of thymosti­
mulin (TS) to surgery and/or chemotherapy of patients with
primary lung cancer. Preliminary results and in progress
reports have been already presented elsewhere (8,9).

The present study was undertaken in April 1988 to
evaluate the effects of the addition of the beta IFN, the
activity of which is well known in other, mainly haematolo­
gical, malignancies, as well as also a powerful immunomodu­
lating agent, to our previous chemoimmunotherapy regimen,
including chemotherapy plus TS. In the present study,the
patients were randomly assigned to one of three different
arms (treatments), as follows:
In the first arm (A Regimen): chemotherapy (CH) + TS were
given.
In the second arm (B Regimen): the same as A regimen plus
intermittent beta IFN were given.
In the third arm (C Regimen): the same as A regimen plus
continuous beta IFN were given.

Patients. Twenty patients (16 men and 4 women; mean age
56.1 years; range 41-68) were enrolled in the study: 18 had
non small cell lung cancer (NSCLC) (stage I: 1, Stage II: 1,
Stage III A: 11, Stage III B: 2, Stage IV: 3), which in 13
patients was squamous cell carcinoma (ca.), in 2 patients an
adenoca., in 1 patient large cell ca. and in 2 patients was
not histologically defined and 2 had small cell lung cancer
(SCLC) (Limited disease: 1, Extended disease: 1).

Combination chemotherapy. (the same in all 3 Regimens):
Cisplatin 70 mg/sqrn/i.v. day 1,VP 16 (Etoposide) 120
mg/sqrn/days 1,3,5 every 4 weeks for 3 subsequent cycles
(induction therapy). If an objective clinical response was
obtained, then 2 more cycles were administered. In the event
of disease progression, the following alternative non cross­
resistant regimen was administered: Epirubicin 55
mg/sqrn/i.v., Vindesine 3 mg/sqrn/i.v., cytoxan 500
mg/sqrn/i.v. and CCNU 30 mg/sqrn/p.o., all the first day every
24 days until progression and in any case for at least 5
cycles.

The patients surviving beyond one year, to whom the
total doses foreseen of drugs had been overcome, were given
an alternative regimen containing Mytomicin C and Lonidami­
nee

Immunotherapy. TS (TP 1. Serono). A calf thymus extract
(10), was administered at a dosage of 1 mg/Kg/i.m. every day
starting eight days before chemotherapy and for 8 subsequent
days, then stopped during chemotherapy administration and
restarted at the end of chemotherapy thrice weekly until the
day preceding the next chemotherapy cycle.
Intermittent Beta IFN (Frone.Serono). The beta IFN, Frone,
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an human IFN obtained by cultured fibroblasts, was admini­
stered at a dosage of 1X106 I.U./s~/i.m. days 7,15,23 for
the first month of treatment, 2~10 I.U./sqm/i.m. the same
days for the second month, 3x10 I.U./sqm/i.m. the same days
for the third month and then at the same dosage of the third
month for the subseyuent months.
cont~nuous Beta IFN. Frone was administered at a dosage of
1x10 I.U./sqm/i.m. every day from fifth tg twentieth sixth
day for the first month of treatment, 2x10 /u/sqm/i.m. in
the same days for the second and the third month, 3X106
I.U./sqm/i.m. days 7,15,23 for the fourth and the subsequent
months.

After the diagnosis an immunological evaluation has
been performed, consisting of in vitro response of periphe­
ral blood mononuclear cells (PBMC) to polyclonal mitogens,
to Interleukin 2 (IL 2) and to PHA + IL 2 and in vivo re­
sponse (skin tests response to recall antigens). These tests
have been controlled every six months. Routine tests for
haemoglobin, leucocyte and platelet counts, serum albumin
and protein electrophoresis have been also made. All the
patients gave their informed consent to enter the trial.

All the twenty patients enrolled were evaluable for the
study: six patients were assigned to A Regimen (Group
A),eight patients to B Regimen (Group B) and six patients to
C Regimen (Group C).

RESULTS

The clinical characteristics of patients are shown in
Tables 1-3.
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survival. The evaluation was made in March, 1991 at 3 years
from start of the study. The clinical outcome was: 3 pa­
tients (15%) are still alive (1 of Group A, 2 of Group B).

The best objective response has been achieved in the
group B (2 alive, at 32 and 36 months, 3 PR) as compared to
group A (1 alive at 24 months, 3 PR) and to group C (no
alive, 1PR). The disease was in progression in all patients.
The comprehensive mean survival was of 12.5 months (+): the
mean survival in Group A was of 10.5 months (+), in Group B
of 16 months (+) and in Group C of 11 months.

Treatment's toxicity. The haematological toxicity was very
mild: there were 2 cases of anemia and 1 case of severe
(Grade 3 WHO) toxicity, with fast recovery. The performance
status remained good (> 70 according to Karnofsky and Bur­
chenal score) for the most part of the disease, except
obviously for the terminal phase, so that all patients could
undergo all the chemotherapy cycles, except the first, as
outpatients.

Immunological findings. As far as the PBMC response to
polyclonal mitogens, IL 2 and PHA + IL 2 is concerned, the
best response was obtained in Group A, while in the other
two Groups the responses did not change sUbstantially after
therapy as compared to the pre-therapy values (Figure 1).
As far as it concerns the in vivo immune response,i.e. skin
tests to recall antigens, 5/20 (25%) patients showed a shift
of the response from the negative to positive, 5 showed no
change (3 remained +, 2 remained -), 7/20 (39%) from positi­
ve became negative and 3 were not evaluable (Table 4).

Infections. The infectious episodes were very rare in all
groups,with the peak incidence (5 cases) in the Group B:
with reference to this, the results of our previous study
are to be stressed (11), showing a striking difference in
incidence of infections, mainly pUlmonary, between the group
of patients treated with chemoimmunotherapy and that of
patients treated with chemotherapy only.
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TABLE 4. In vivo immunoloqical evaluation:
skin tests (co.prenensive results).

No. OF RESPONSE
Ph'l'IENTS before after

treatment

J FROM '1'0 +
2 FROM ± TO +
J FROM + TO +
2 FROM + TO ±
2 FROM + TO
J FROM ± TO
2 FROM TO
J ND

ND: N01' DONE

DISCUSSION

The trial is still in progress, because the follow-up
of the alive patients goes on, and therefore we cannot draw
here definitive conclusions, but only try some temptative
considerations. First of all, this study confirms the re­
sults of our previously reported work (11) that the addition
of immunomodulating agents to conventional chemotherapy does
not improve significantly the survival nor induces more
prolonged remissions as compared to control group. However,
it is to be taken into account that the majority of the
patients was in advanced stage. The present study, showing a
trend for a better survival in the Group D (Cll + TS + inter­
mittent beta IFN) with 2 survivors as compared to 1 survivor
in the Group A and to no survivors in the Group C, seems to
suggest a superiority of this regimen. Moreover, in the
Group D the highest rate of objective clinical responses (3
PH) with the longest duration (mean: 16 months) was found.
An important point to be stressed is that no significant
side effects have been observed with the use of TS and of
beta IFN. Moreover, the haematological toxicity of chemothe­
rapy was reduced so that it did not prevent the planned
schedule of therapy, without significant difference between
the three groups. Finally, we have to consider the very low
incidence of infectious episodes in all groups, with a mild
prevalence in Group D. The possibility of preventing infec­
tions and of decreasing their gravity seems to be an impor­
tant goal to reach in giving immunomodulating agents to this
kind of patients, allowing to them a better "quality of
life".

In conclusion, the suggestions emerging from our trial,
carried out on a small but well balanced number of patients,
are that the addition of an association of thymic honnones
plus beta IFN at low dosages intermittently administered to
the conventional chemotherapy of primary lung cancer is
lacking of untoward side effects, can be beneficial for
controlling a further immune depression induced by treat­
ments and for protecting the patients from severe opportuni­
stic pUlmonary infections.
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TUMOR IMMUNOTHERAPY WITH COMRINEO INTERLEUKINS INJECTED
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Tnmor growt.h is often perceived by the immune syst.em. WeClI<
cellular reactivity can be shown in the early stages, both in man and
in experimental models. In preimmunlsaUolI expel"imelltf: in mice, t.he
immune system has proved capable of inhibiting syngeneic tumor'
growth " wid Ie lymphocytes from callcer pat ien ts have been shown to
react with autologous tumor cells in vitro in pr'oliferation and
cytotoxi (: i t.y assClys2." . Neverthe 1ess, most spollt.aneolls or
transplanted tumor's grow and kill thei.I.' host. Tumor cells can directly
suppress host reactivit.y by secr(~ling soluble mecljators, and Clctivtdy
trigger specific or non-- specific suppressor mechanisms that Illock both
lIatural and adClptive host resistance 4 .

One of the greatest clinical problems is the difficulty of
starting therapy as soon as a tumor bq~ins to develop. fly contTast with
animal models, immunotherapy in man Is initiated much later, after a
tumor has become implanted, and .its eradication .Is less Ukldy. POl'
this reason, the prime goal of optimal cancer immunotherapy is to
potentiate the patient's immune syst.em, eliminate: the minimal residual
disease, and preven t me tas tas is and r'ecllrrenCI~S, rather than primal'y
t.umor eradication or prevention.

Precli.nlcal studie::; demonstrate that tumor immunogenicity and
activation of a speciLic host ,[,·cell response against an uutolop;ous
tumor are crucial for sllccessful cancer therapy, The notl-immunogenicity
of most human tumors, and t.he di ff.i culty of I denU fy i ng tmnor- Spt~cJ f i <:

or tumor- associated antigens on the mernbr'ane of spontaneous tumol's, so
as to be able to generate a sufficient numbor of tumor-specific
effector cells,' have str'ongly limited the development of this approach.

The "discovery" in 1982" of lymphokine activated k.i I ler (LJ\K)
activity, distinct from NK and T-mediated lytic functions, opened fresh
approaches to cancer immunotherapy. New protocols were developed, hased
on the encouraging I'esul ts obtained in mice". Pat.iI~nts wi ttl
advanced cancer, were injected intravenously with autologous LAK cells,
generated and expanded in vitro from PBI" in combinCltioll w.Hh Idgh
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E. Garaci. Plenum Press, New York, 1992 87



doses of recombinant IL-2 (rIL-2). With this treatment, it was
demonstrated, for the first time, that an ex£lusive immunologic therapy
can induce the complete regression of large tumors in some patients,
after the failure of standard therapy7. The use of IL-2 and LAK
cells is a good example of how a therapy developed in animal models can
be transferred to man with some success. It also illustrates some of
the pitfalls. IL-2, in fact, has a much greater toxicity than
experiments in the mouse suggested7 .

Cellular adoptive immunotherapy has shown many disadvantages. It
is laborious, time-consuming, and expensive. Significant clinical
responses have only been obtained in a few types of malignancy and a
small proportion of patients, while the great majority of those with
frequently occurring tumOl'S (i..e. colon, lung, bl'east, and prostatic
carcinoma) rarely benefit from any of the current immunotherapeutic:
manipulations". Yet the positive results obtained by the LAK
approach and the systemic administration of high doses of [L-2 alone
show that even the immune system of a neoplastic: patient can be
effectively activated to mount such an efficent immune response that
large tumor burdens are rClp.idly destroy(~d". In this CClse, 11.·-2
behaves as a new kind of in vivo immunomodulator. Its pleiotropic
activity, as detected in vitro, bec:omes even more evident in v.ivo
because of the highly interactive natuce of the immune system, whel'e a
signal delivered by an ac:tiva~ed cell Clffec:ts many others. The efficacy
of IL-2 in vivo may in fact rest on induction of this cascade of
interconnected effector functions, eacb affecting ne(lplastic growth
with different mechanisms. In this context, special emphasis is placed
on the role of the host's specific: 1~cell immunity as CI key mechanism
in cancer rejection, and its possible amplification hy cytokines and
other biological response modifiers.

THE "HELPER" APPROACH IN CANCER IMMUNOTHERAPY

We beUeve that the .immune system of a neoplClstic host can be
"helped" to recognize and actively react against poorly immunogenic or
non-immunogenic tumors, as most human tumors are. In contrast to the
activation of a single effector mechanism, as in the tAK approach, the
IL-2 based "helper" strategy utilises 11"'2 to interfere with the
control mechanisms of the immune system. Its efficacy rests on the
repertoire of effector mechanisms ac:tivated. It allows the induction
of a cascade of interconnected functions leading to tumor growth
inhib.ition through many different cellular and humoral reaction
mechanisms"· 1o .

I.ymphocytes from mice beClring poorly immunogenic tumors do not
display auy iu vitro antitumor reactivity, in terms of release of
IFNr, proliferative or cytotoxic activity against tumor cells;
moreovec, they are not able to inhibit specific tumor growth in vivo in
a Winn type neutralj~ation assay11. We therefore studied the
possibility of activating an effective T reactivity through the
addition of exogenous lymphokines. Several transplantable murine tumors
with poor or no immunogenicity were injected sc. A small, hut
consistent tumor inhibition was obtained following ten daily injections
of only 10-20 U of [L-2 around the tumor growing area. By contrast,
almost complete inhibition WClS obtained when IL-2 was injected in mic:e
challenged with tumor cells admixed with spleen cells from tumor
hearing mice12 . Some features of this effective association of a
low IL-2 dose with non-reactive lymphocytes were then studied in
detail. First, criss-cross type experiments showed that it is not a
tumor~specific phenomenon. Depletion studies demonstrated that the
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lymphokine--induced reactivity rest.s on two cell populations: T-helper
lymphocytes and NK cells. Irradiated lymphocytes can still mediate the
plwnomenon, whereas it does not take place in irradiated normal or nude
mice, showing that the host immune system plays a crucial role, while
proliferation and persistent survival of lymphocytes locally admixed
with the tumor is not required. Mice in which tumor inhibition mediated
by local lymphokine injections took place 30 days earlier display a
tumor-specific delayed type hypersensitivity, and a significant number
of animals acquire a tumor-specific immune memory13. The stream of
events leading to tumor inhibition starts when the low doses of IL-2
activate the lymphocytes artificially admixed wih tumor cells. Rather
than becoming LAK cells and killing the tumor directly, expel'imental
data show that their major role is to secrete and efficently deliver
various lymphokines. In this way, they recruit several host lymphocyte
populations, mainly T-helper and NK cells, that can direct.ly destroy
the tumor or, in their turn, further amplify the anti-tumor reaction by
releasing; other lymphoklnes and chemotactic fact.ors by which they boost
endogenous NK activity, activate T-killer cells, and macrophages,
att.ract and ac U vale granul ocyles, and f j na] 1y induce a speet Ll c T ce] I
reactivi ty. The cascade reaction t l'i.gge red by these non-reactive
lymphocytes can be induced by .1 ocal Injl~cU on of different 1ymphoki nes.
It is thus possible to build up a helper system which is fully defined
at the molecular level. For this purpOSI~, we first considered the use
of It-I, and in parallel we tested the activity of a highly hydrophilic
nonapeptide fragment (163-171 peptide) synthesized by Centro Ricerche
Sclavo, Siena, [taly, which retains most of the immunomodulatory
activities of the entire lr.-113 mo.lccule wHhout. its inflammatory
activity'4. Ten dai.ly peritumoral injections of picograms of
IL-ltl produced a marked inhibition of tumor takes, whereas a
small, but st.atistically significant rl~ducl."ion was obtained in mice
injected with micrograms of the 163-·1.71 peptide. The effect of
combhlaUon with other lymphokines was tested by injecUng the 163· 171
peptide first, then IL-2 or [FNr 4 hours later. Effi.cient tumor
inhibition was obtained with t.he pept.idef IL-2 association, whereas
both molecules are rather ineffecUve when injected alone. By contrast,
1FNr is a peptide antagonisP".

More recently, lymphokines have been injected around the
tumor-draining lymph nodes (TIl--LN), rat.her· t.han intralesiooally. Wit.h
this new approach, 1£.-4 proved more effnct;ive than If.-2, IL-1(3
and JFNr, and H.s act.ivity was dearly evident wit.hout the
addition of lymphocytes. Even low doses triggered an nfficient immune
recognition of poorly immunogenic tnmors. Combined injection of 1L-4
with IL-2, If.-ltl or [FNr had no synergistic effect. on tumor
inhibit.ion, while the establishment of a Lumor-specific memory was
enhanced by the IL-4 and [L-113 combination1B . Following the
local injection of lymphocytes ~ lymphokines, or lymphokines alone, the
tumor growth area is heavily infilt.rated by mononuclear cells and
granulocytes. Eosinophils are frequent and mostly in close contact with
both lymphocytes and tumor cells, suggesting that their cytotoxic
activity is induced by factors secreted by activated lymphocytes. TD-LN
show progressive enlargment with expansion of cortical and paracortical
zones. Intensive traffic of lymphocytes to and from the lymph nodes
(LN) takes place through the wall of epithelioid venules. The
non-specific immunity dominating the initial reaction phase creates a
favorable environment for local activaLion of a few tumor--specific
T-Iymphocytes.

The
immunity
activity

passage from early, non-specific to latll tumoT"'specific
is of cLinical significance in overcoming the suppressive
impairing immunotherapy "a priori". Lymphok.ine induced tumor
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inhibition i.s a new way of looking at immune antitumor therapy, whereby
direct reaction to the tumor is elicited by piloting a self-enhancing
lymphokine cascade.

PERILYMPHATIC INJECTION elI<' JI.--2 IN HEAD AND NECK TUMORS

The experimental results in mice have promoted the development of
clinical trials in patients with local tumors easily accessible tu
lymphokine injections.

A set of pilot trials was initiated with patierrts with advanced
primary or recurrent head and neck squamous cell carcinomas (HNSee).
These tumors arc a rational chuice for evaluati()n uf the effectiveness
of a local lymphokine treatment for several reasons:
1. Pati mlts with HNSee, partt enl ar Iy t.l)(H;(~ of the oral eav:i ty and
oropharynx display a higher incidence of immunosuppression than
patients with other tumurs 17 • 18 • This is mostly dne to the
emergence of suppressor cells, and made worse by surgery, radiotherapy
and etwmutherapy. Most. have a poor prognusi s , due, inter ali a, to
residual and micrometastatic disease, often related to the degree of
immune depression.
2. IINsec arc usua lly we II 0lwn to mani pul aU un from the outs i d(~ throul~h

surgical infiltration, are surrounded by the body's thickest lymph node
net.work, ,HId h(lve a t.ypjcal locoregional progression.
Treatment based on local stimulation of the immune reactivity of TO-tN
cells . thus appears to he a simple and rational immunotherapeutic
approach by which the inahility of conventional therapies to control
tumor growth and pn~vent local recurrenees can be overcame.

Two categories of HNSCC were selected: a) recurrences no longer
open to effective treatment witb conventional methods. Here
perilymphatic injections of lL-2 are a single, isolated treatment; b)
primary tumOJ's of the oral cilvHy and oropharynx, with ]1,·-2 both hf~fore

and after surgery to enlulnce its effect.
Tn the f i I'st tri aI, 20 (li:lU ents with recurrent j noperilhl e UNsce

were treated with n(ltural [L·2 (nIL-2) produced by the Jurkat T cell
Ihw, and pur:if:ied by rf~verse-phasf: HPLC. Ten daily injections of 200 lJ

of n[['-2 i.n 0.5 m) of saline plus 10% human serum albumin wer(~ given
1.5 cm from the imwl'Uon of ttw sternocleidomastoid muscl(~ on the
mastoid at a depth of 1.5 em. Lymphographic studies had shown that
.inject i 011 of radioopaque substances at ttd s poi nt ensures excel lent
visual. L?oat i.on of the neck lymphal:i c netwoI.'k"·. The tumor side was
chosen ill patients with functional lymph nodes still draining the tumot'
area, and on the opposite side in those with only re*:dduaJ
contfalateral functioning lymph nodes, and those who had undel'gone
Idliitera] TO-LN (JjssecUon. When possible, the course was repeated at.
45~day intervals. The clinical pafameters considered were: reduction Of
disappearance of the tumor mass; disease··free interval; sensitivity of
tumor I'elapse to furt.her courses of [1,,,2; effect of the treatment on
progress·ion. A response was com.;jder(~d to he comp.1ete (CR) if no tumor
was evident on direct or optical fiber inspection, partial (PR) if the
sum of the products of the longest. perpendicular diameters of all
lesions decreased by >50%, and minor (MR) if this decrease was <50%.

Sf:vera.1 progress reports have been pub! i shed"'''' 21 • 22. None
of the side-effects commonly described after systemic administfation of
massive doses of ]1.-·2 were observed. Only slight lymph node swe]Jing on
th() injection side, and slight. pain in the tumor mass or in metastatJ.c
LN weJ'(~ occasionally report.ed. In the 20 patifmts treated, :l CR (15%),
3 PR(15%), and 8 MR (10%) wefe foun~. These suhjects presented lymph
node (!Ill aq{ement, necroti c sputum and ii decrease of the tumor mass. No
appreciable clinical effects were detected in patients with a rather
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poor performance status or LN metastases attached to the deep planes,
nor in those who had undergone bilateral LN dissection. By contrast,
c 1in i c:a 1 rllSIHlIlses were observed after a singl e 11.'-2 course in pat i ents
with still functional TD--LN. An interesting observation is that flven
the presence of contra1ateral nec:kn LN on] y was surfi ci ent to :i nducll
tumor shrinkage. A direct toxic effect of [L·2 on tumor cells can be
['u1ed out, since no c.linical effects were ohtained in patil~nts without
funct lonal TJ)·LN, and thp. IL-2 inject ions we!'R not. intratumora I.
Immunologic studies performed on PHI. from !l patients before aud aft(~r

IL-2 did not reveal any dramatic effect on peripheral immune
react:ivi ty. After the f:irst course, an increa~:e of CIl 25" 'HII.J of
HLA class II· cells was found in 4 and 3 patients respectively; in
6 cases, slight val.'iations of other membrane antigens we!'e found. The
high individual variability of NK activity in these patients made it
difficult to determine any modulation by IL-2. A decrease was none the
less observlld in 75% of palic[rts after Hill first. course. J.AK act.ivi ty
was generally absent or very low in all patients, and slightly
increased in 45%.

This study p["ovidp~; one of the fir!:t. demostrat:ions 2 o. 23
• that

massive tumol.' necrosis and disappearance can be achieved by
pllriJymphaticinjeclions of low dosl~s of ]1.-2 in paUents with
reCllt"l.'ellt HNSCC not sllhjl~cted to preventive bi lateral neck dissect ion.
These biological f.iudings, howevl:r. rlll}uire a few important c'lilli<;111
qual if leat i.ons. Roth CR and PR wel'e temporary. Suhsequent: recul.'renees
are les!; sensit.ive to 11.2. I~eg['es~don dot~s nol pn)]ong survival and :is
in any case obtained with slRall reCl1l'1.'8nt t·l.Il1loes only,. ... Wlwll the
same [L2 peo to co 1 was app lied to 1.5 far 'advanced, nOIl"p['I~treated HNsr,e
pati ents, no tumor shr i nkage was ob!wrved""'.

In another i~['OILP of tl' ials. patients with advanced pl'imary UNsee
st i I J open t.o surgi cal managflrnent Wlll"(~ treat(~d. Ilere 11 .. ·2 j nje(;led
pel.'ilymphatically is a tlwrapeuUc maO(:llver added to the best
convent:ional protocol. i .f~. surl';eT'y and radiotherapy. The aim of this
study was to I~valual:e to what: I~xtent local treatment with low doses of
1I.. ·2 • i nj IlC led Ill!fore and a ('tflT' surl':ery, afff~ct s t.llll surgi ca I flT'ocedun:
and scar healine-, anll influencf~s thf~ eli.sease fr'l!f! i.nter'vilI. Morl~OVf!r,

hh:t.ochemical and immunolllf'.ic studie~: wt~r'e pt:rformed on suq:ical LN and
tumor speCimf!nS to I!valuatn local immIHlOI'I!acl:ivity. [n a iniUnl stud.y.
performed in Rome, 200 lJ nIJ.2 W(~rl~ illjl~(;t'.ed bot.h around the ma,doid
and per:itumoral1y in 1\ patients. Ilistologi.c and ult.r:ilstr:llI;tl.tr'al
examinat.ion of t.hl~ slJl'p;ical srHlCimt~ns showed a markedly uniform
reaction pat.tern. In many instilnCt!S lwoplastic cldls weI"! inter:minglecl
w:ith Ilumerous .lymphocytes amI po!;inophils. This milssivf': infi.H.ratioll
was often associated with degenerated tumor c(~lIs or.' even necrosis. LN
d:i spl ayed hyperpl a~d a of both corti ca ] <111I1 p<ll'"corl j ca ] art:a'i, and
epithelioid. venul,~s with a thick endothelium infi.ltr'ilted hy lymphocytes
and r;ranul ocy t.es. 1n it few casps, a decre"sfl or dhHIPPt~ar'ance of
neoplastic l(~sions was also documented hoth cJi.nically and
histological·ly".... Elf!ct'.ron microscopy ShOWf~d a similar (lilltel·n.
Immune t'1~activity, in t.erms of proli.fer'iltive t'esponse to 11.·2 or
mi t:o~;ens. NK and LAK cytotoxi cacti vi t.y. WI1S l.!lstedi £I J.N }ymphocy Ips
obtained at sut'gery and in Pi'lL, hefor(~ aud after fL ..·2. Despit.e t.he
str'ong cell reaction dd.pclcd histo}ogica]ly, the in v'it['o n~acl.ivity

of r,N lymphocytes and Pi'lL was only sUghtly 01' not influenced by [L..2
1oea I injtlcl:i on. LAK aet:i vi t.y was not eLi C'i ted, mos t. probah1y btlc,'l\Jse
the rr.·2 d.OSI~S were t.oo low.

A reclml: multiclmtr·.ic random·ii'.lld trial with rlL··2, (Glaxo).
coordinated by the Otot'hinolaryngology Clink of th(~ (Jniversity of
Tur iIi, has made a comparati ve s Indy of t nmo!'s and ] nca] J.N from t[,t~at.ed
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and untreated patients with primary UNSCC. Eighteen patients underwent
surgery only, while 15 patients rcce:ivcd t.en dcliJy injections of 5000 IT
rIL-2 prior to surgery, and at 45-day intervals starting 45 days after
surgery. IJ.·-2 was injected at two points: hal f the dose was injected
near the mastoid, as in recurrent patients, and the other hall'
submentally, 1.:5 em under the mylohyoid muscle. Surgica] specimlHls were
investigated immunohistochemically, immunologically and by molecular
biology. Variclbll~ amounts of eosinophilg or neutrophils were seen hi
bo th the tumor and the per itumora1st roma after IL-2 trea tment. Slight
(no more than 10%) necrosis. was found in 50% of cases. Unt.rl~at.cd

tumors generally displayed less marked infiltration by eosinophils and
1ymphocytes and less extensi ve edema"7. 1mmunoptwnot.ypi c
examination of TIL showed that CD3 6 and CD2· lymphocytes
largely predominated, but no sig-nificant differences wel'e found in the
amount and dh;t.ribution of CIJ4 ~ and ClJ8~ cells in tT"!!at.ed and
untreated patients. Ay contrast, a consistent significant increase of
CD25- lymphocytes, part.icularly close to the neoplast:ic sheds was
found in treated tumors (fig.I). A similar histologic pattern was found
by other authol's in bioptic spec.imf~ns after 11.··2 injf~ctions"".

A thorough histologic, phenotypic and functional analysis was made
OIl TIJ LN. No substanl :i al hi sto.l ogi c di fff!rences were noted between
treated and 'llItrci1tr~d. cases, suggest:.[ng that: the reactivity of the
lymphoreticular tissue was not appI'f!ciably modif.ied by 11.-'2, at least
from i1 morphologic [Joint 01' villw. Plow cytomr'ltl'y was peeformed. with a
w:ide panel of monoclonal ant ihodil!S on sinele cel 1 sllspens:ions ohtained
from the same TDLN. Tlw only consistent and significant di.ffeeence
observf!d was an i ncrl~aSI! of CIl:{ ~1lH" I ymphocytl~s ill J1.·2
treated patients. TD LN from 4 treated and 3 untreated. patients wer.'e
evaluated for the preSlmce of m·RNA for UIl! 11.-2 recl~pt:OI" pf)fj chain. A
mar.'ked i1mOlmt of fI,-2R m-·RNA of 3.5 and 1.5 kb was only detected in t.hl!
treated gr'oup, despite the wf~ak CD25 pm:Hiv:ity revealed by
immunofluol'escence. Some functional par:allwtp.rs of lymphocytes fl'om
.ipsi.lill.l!ral and conlralall!ral Tn ·I.N Wl!rl~ I.l!sted :in 9 trl!atl·!d and 5
11lIteeated. pal:illnts. Spontanl!ous proliferative and cyt:otoxic acti.vities
werf~ gerwrally lower in Tn-LN clm.r'l" to till: neoplilsia 01" tomor-invaded.
Basal NK activil.y wns always highee in tf'(lat(!d TD··LN. MOr!lover, LAK

Fig.l IJ,-'2trl!ated I1NSCC of the orophal'ynx: t.he stroma close to
the up-aplastic sheets is infi Heated. by numerous CD25'
lymphocytes (arrows). ABC immunopp-roxidase. 230x.
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acU vity (absent. In untrel1ted Tll-I.N), was detected In thei psi 1at.l~rlil

TD-LN of 3 treated patients.

In vHro culture of TD-LN lymphocytes wit.h 500 U/ml rll.-2 elicitl~d

u marked proliferative response, NK and LAK activity in both treated
and untreated cases, while other lymphokhws (11.- 1 cllld lL 4) alone or
in comhination with ll.-2 did not produce any distinct effect2u . No
significant release of' If. -1, [L -2 and ll.-Ii was detected in ('I'esh TD·LN
ce Ils from eHher group.

In add:it:ion to the absence of any side (~ffects, 110 surgical
compl i.cations have arisen following [L-2 injections. One of the ma in
tare-ets of this trial, besides ltw study of localimmllne reactivity, is
to evaluate if the pre- and post- surgery Il.-2 treatment can extend the
dl sease-frrw i nt.erva I. Forty pal i cnts have so far been enrol led, bn tit
is still too early to evaluate this aspect.

Severa 1 cone] m; ions can be dr,iwn from t1wse studi f!S on UNsee
patients. The histologic findings show that [L-2 induces an act i.ve
leukocyte traff i c in Til-LN, and mod i fj es the ce I I react:i on to the t.\lIl1or
by t.riggering an inflammatory response, documented by massive
-i nfi I trat:i on of t.he tnmor ar(!'i by l!os:i nophi 1sand nct.i va t.ed T
lymphocytes, with a val.'iahle degl'ee or nect'osi.S. TIll! (~fficacy of this
reaction pat t.ern llIay weLl be high, as shown by the sevm',1l i nslanccs of
regression"". Yet, the :in vitro reactivity of TD·LN lymphocyt(~S is
very poor, and only slightly i.nflllf~nc(~d by in vivo r.r.··2 inject.ions. The
reason for this cl"i~;crepancy between ttll! h:istolo~ic and functional in
vitro data is not clear.

Infiltration of (~O!dnopltils assoc.iatl~d with Uw invc,]uU.on of
hurnan tumors has long been descr'ihed, and is a s i.gn of a favourabll!
prognosi s"" . Huwev(~r, a[H1r t. fJ'um t.he i JllIIII~di ate eH and PI{:i n
recurrenl. HNSCr" an (~{'ficient: anti.tumor reactivity is apparently not
achieved, ~;:ince paUents relapse after a short. l.:iml·!. This feat:ut'l~ .is
diffet'enl: t.o the outcome in murine models, where p(~l'sistent. I"t~acti.vity

takes pllice after JL .. 2 activated tumor :inhihilion. Tlw cljscrr~pallcy lIIay
depend on diffel'ences in the ill\munow~nicity of mUrilH! and human tumors.
MOrf~ov(!r, Jn ef f(!ct , indnct'i on of a lIIarked i mmllnosuppress'j 011 is a
majol' issue in HNSr,r, patients. Low doses of fL2 lIlay not he l!rr(~ct:ivf~

in fully ovcl'collliug l.his rWl'.al:iVf~ contr'ol e:xcrtl~d·wither hy lIw t.nlllor
itself or by suppr(~ssor T cells'<1. It fOhouJd also be J"f~mPlnbel'ed

that th(l:>e HNSCC ween established, advanced I:umol·s. The (~f(icacy of
:i mmllne reacti vi ty becomes margi na] uud(!r t.Iw*,(~ coudi I: j oos, one r'c;-won
be i ne- t.he marked immunosuppl'ess ion induced by HNSr,C.

A new protocol based on combilwd [oca.1 lJ'(~atrnl!nt w.ith JL-2 and
aIFN in HNsec is heing elabor.'at(~d and will soon be i.ntroduced.
The nmri fie model s show in fact, t.hat cytok:inc~i;; can interiH:t; in all
addi.tive or synergistic manner'1\,;lH.'<".. The IUost impress:ivl~

cUnical results offer(~d hy comhinp,d cytol<ines treatment: have I'(~cently

bl!en d!lscr i bed by HOSI!nbl~q:'s p;ronp in pat i cnts wi 1.11 advallCl~d l:aIH:er',
treated with 11,-2 and aIFN33 .

For tumors confined to a certain organ or body compartment, a loco
regional administration of cytokincs may prove effective, with fewer
side efff~ct.s, as rc~ported by clinical studies with a viu·.iety of tumors
following [1, .. 2 +1-- LAK cell administration int.t·aperil:oneal"" ,
int.raplenrallyRft, intravcscically36, and
intracer(~brallyWI. Administration of cytokines per:itumorally,
intratumorally 01' perilymphat.ically, in addition to reducing systemic
toxl c:i ty, requi l"f~~; much lower dose~;. Loea I treatment.s are 110 l. adeqllatp,
however, against disseminated forms.
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Quite apart from the comparative effectiveness of killer and
he lper strategi es. we be lieve that in 1II0st GaReS he 1per manoeuvres
alone constitute the most rational approach, and perhaps the only way
to achieve significant in vivo manipulation of the immune reactivity to
neoplasia; moreover, unlike killer therapy, it can lead to a
tumor-specific immunf: memory. as shown in murine models.
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INTRODUCTION

Systemic administration of purified recombinant cytokines has been
performed in various animal models and clinical trials for the treatment
of neoplasia, infectious disease, hemapoietic failure and immunosuppres­
sion. In particular, in infectious disease, cytokines have radically
changed our understanding of the mechanisms of resistance, and have also
provided new clues to the elucidation of the mechanisms of both resist­
ance and pathology, such that the use of cytokines or anti-cytokines
appears to be extremely promising for treatment of conditions associated
with microbial infection.

Two major characteristics of cytokines are pleiotropy, (i.e., each
cytokine mediates more than one function) and redundancy (i.e., more
than one cytokine mediates the same or similar function). The reasons
for pleiotropy and redundancy of the cytokines are unclear but ther~

are several levels of control to consider (1). Firstly, not all cyto­
kines are produced in response to a given antigen. Secondly, not all
target cells are available at a given immune site. Thirdly, the effect
of a cytokine depends not only on the phenotype of the target cell but
also on the presence of other stimuli. Finally, most cytokines are
interactive in either synergism or antagonism. Due to the peculiar
immunobiology of the cytokines, the challenge remains to provide a
rational basis for the clinical enhancement or suppression of immune
responsiveness by manipulation of endogenous cytokine synthesis or by
cytokine administration (2).

We will summarize recent data from our laboratory on the possible
role of cytokines in two different infection models, one fungal and the
other bacterial. In a murine Candida albicans infection model, evidence
will be provided that protective immunity relies on the production of a
particular panel of cytokines, the Th1 cytokines. In addition, it will
be shown that host susceptibility to infection can be modulated by
treatment with anti-cytokine antibody. In a bacterial Pseudomonas
infection model, treatment with cytokines will be shown to reduce the
need for antibacterial chemotherapy in neutropenic mice.

Combinalion Therapies. Edited by A.L. Goldstein and
E. Garaci. Plenum Press. New York. 1992 97



THE CANDIDA ALBICANS INFECTION MODEL

1. Role of Cytokines and Cytokine Producing Cells in Acquired Immunity

Specific anti-Candida immunity can be induced in mice by vaccina­
tion with a low-virulence Candida variant strain. This procedure results
in chronic infection of mice, associated with the persistent coloniza­
tion of different organs (3), and results in enhanced antimicrobial re­
sistance at about two weeks post-infection, possibly mediated by activa­
ted macrophages (4-9). In this model, the in vivo administration of
antibodies directed to either the L3T4 or Lyt2 surface antigens greatly
affects the outcome of subsequent challenge with virulent Candida cells
(10,11). In one experiment, anti-Lyt2 mAb, alone or in combination with
anti-L3T4 antibodies were injected for five consecutive days into
Candida-immune mice starting 24 hours before systemic challenge with
virulent Candida cells. In alternative, a group of mice received anti­
bodies to murine IFN-~. At 4, 10 and 20 days after challenge viable
yeast cells were titrated in the kidneys. Table 1 shows that anti-Lyt2
mAb treatment, alone or in combination with anti-L3T4 mAb, greatly en­
hanced the animals' susceptibility to challenge in that significantly
more yeast cells were recovered from the organs of treated mice. Neu­
tralization of endogenous IFN-( by specific mAb led to decreased anti­
candidal resistance, with a yeast titer in the kidneys much higher than
in control mice on day 10 after infection.

Table 1. Effect of anti-Lyt2 treatment on mouse reactivity to C.
albicans challenge in immunized mice.

Log 10 yeast units in kidnevs on day:
Treatment a

4 10 20

None 4.2 3.8 2.9
Anti-Lyt2 5. 1'" 4. 8~' 3. 3~'
Anti-Lyt2 + anti-L3T4 5.7'" 5. 3~' 3. 4~'
Anti-IFN-Y 4.8'" 4. 6~' 2.9

a) Fourteen day immune mice were challenged i.v. on day a with
virulent Candida. On days 4, 10 and 20, the yeast titer in the
kidneys was measured (6).
P< 0.01 to 0.05 (antibody treated~ control mice).

This experiment provides evidence for the involvement of the two
major T cell populations in acquired immunity to Candida. In addition,
IFN-a seems to have a definite and important role in the control of re­
infection with virulent Candida cells in mice, once immunity has devel­
oped. This contention is also supported by in vitro studies showing that
purified lymphocytes of both T-cell populations could produce IFN-o in
response to Candida antigens presented by appropriate antigen presenting
cells (APC) (11).

2. Cytokine Production by Candida-Immune T Cells

It is known that IFN-( is a product of a particular
L3T4+ cells, the Th1 subset. Several in vitro studies have
two distinct functional types of L3T4+ cells can be defined,
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Th2 subsets (12). Thl lymphocytes seem to be primarily involved in de­
termining protective immunity in most infection models with intra-cellu­
lar pathogens through their ability to release cytokines that result in
macrophage activation and development of delayed type hypersensitivity
(DTH) reaction to microbial antigens. Thl cells are characterized by
secretion of a particular pattern of cytokines, of which IFN-( and IL-2
are the prototypes. Therefore, in a series of experiments we addressed
the question whether Thl cells and Thl cytokines participate in the de­
velopment and maintenance of protective immunity to Candida albicans.
Table 2 shows the profile of cytokine production by L3T4+ cells from
vaccinated mice. Unfractionated splenic lymph, ytes or positively se­
lected L3T4+ cells mixed with syngeneic macrophages as APC were cul­
tured for 20 hours with Candida cells before culture supernatants were
tested for cytokine activity.

Table 2. Cytokine production by Candida immune lymphocytes.

Cytokine activity (U/ml)b
Source of supernatant a

Nonimmune spleen cells
Immune, unfractionated
L3T4+ cells

IFN-(

< 2
35
160

LT

5
250
604

IL-2

o
909

4,810

GM-CSF

20
350

1,560

a) Heat inactivated yeast cells were cocultured with unfractionated
spleen cells or a mixture of L3T4+ cells and APC for 20 hours
prior to collection of supernatants.

b) Supernatants were tested for cytokine activity in functional
assays as described (10).

It is apparent that L3T4+ cells produced Thl-specific cytokines.
namely IL-2, IFN-(, lymphotoxin (LT) and also the Thl-preferential
cytokine, granulocyte/macrophage colony stimulating factor (GM-CSF). In
experiments not reported here (10,11), we also found that both DTH and
resistance to C. albicans infection were depressed in immunized mice
treated for five consecutive days with anti-L3T4 mAb. These results in­
dicate that all functions predicted to be mediated by Th1-like cells are
present in protective immunity to C. albicans.

3. Immune Regulation in Candida Infection

Most immune responses are the result of a fine balance between
activation of Thl and ThZ cell subsets. It is also true that in diffe­
rent experimental conditions and disease states selective activation of
either one of the L3T4+ cell subsets may occur. The ThZ functional set
is the major source of help in antibody responses and is believed to be
primarily involved in immunosurveillance against extracellular patho­
gens. These cells make a distinct panel of cytokines; IL-4 is a charac­
teristic member. To evaluate the contribution of Th2 cell function in
Candida infection, we infected mice with two low-virulence variant
strains of C. albicans obtained by mutagenesis of the virulent strain.
The ability of the two mutagenized variants to confer protection against
subsequent challenge with virulent Candida cells was then evaluated.
Our results showed that the two mutagenized variants differed in their
ability to confer protection against challenge with virulent Candida
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cells. In particular, vaccination with the variant Vir- 3 resulted in
the induction of protective immunity to challenge with virulent Candida.
Protection correlated with the appearance of strong candidacidal
activity in the spleens and development of strong DTH reaction to
Candida cells. On the contrary, mice vaccinated with the variant Vir- 13
were unable to survive challenge with virulent Candida cells, and did
not develop candidacidal activity in the spleens although exhibited a
moderate DTH reaction to intra-footpad challenge. To verify whether the
protective and non-protective immune states correlated with a different
pattern of cytokine production, L3T4+ splenocytes from vaccinated mice
were tested in vitro for cytokine production in response to mitogens or
inactivated Candida cells. The results in Table 3 show that the protec­
tive immunity elicited by vaccination with Vir- 3 variant cells was as­
sociated with an increasing production of Thl cytokines, IL-2 and IFN-o.
The non-protective state associated with Vir- 13 infection resulted in
the production of high amounts of Th2 cytokines, IL-4 and IL-6.

Table 3. Pattern of cytokine secretion in protective (Vir- 3) and
non-protective (Vir- 13) immunity induced in mice by vaccination
with two different mutagenized C. albicans variants.

Days post-infection

Cytokines
from

L3T4+ cells

+3

Vir- 3 Vir- 13

+7

Vir- 3 Vir- 13

+14

Vir- 3 Vir- 13

IL-2
IFN-t
IL-4
IL-6

+ + ++ + ++ 2:-
+ + ++ + ++ 2:-

+ ±. ++
+ ++

All together these data can be taken to indicate that activation
of both Th1 and Th2 T cell subsets may occur in murine C. albicans
infection. Therefore, mechanisms seem to exist for the regulation of the
functional nature of immune anticandidal responses at the level of se­
lective activation of Th1 and Th2 cell functions. One such mechanism may
be represented by the reciprocal regulation of Th1 and Th2 cells. Sever­
al features of immune responses suggest that Th1 and Th2 cells are mutu­
ally inhibitory and that at least some of these effects are mediated by
soluble cytokines (12). This inhibition may operate at the levels of
effector function, cytokine synthesis and proliferation.

Figure 1 shows some possible regulatory mechanisms between Th1 and
Th2 cells that may occur in murine Candida infection. In particular, it
is shown that IFN-r may inhibit the growth of Th2 cells in response
to IL-2 or IL-4, and Th2 cells may inhibit Th1 cytokine production
through release of the "cytokine synthesis inhibitory factor" (CSIF)
(12) .

THE PSEUDOMONAS AERUGINOSA INFECTION MODEL

1. Combination Chemotherapv with Cytokines in Neutropenic Mice

Although most microbial infections are usually treated successful-
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ly with chemotherapeutic agents, some infections are still difficult to
control by chemotherapy alone, such as in the case of severe opportunis­
tic infections in immunocompromised hosts. It is indeed known that the
efficacy of chemotherapy depends not only on the intrinsic properties of
an agent, but also on the host immunological status. In this respect,
IL-l (a cytokine produced by a variety of host cells in response to in­
fectious, inflammatory and immunological stimuli (13)) has been shown to
augment the resistance of intact or immunodepressed mice to a variety of
experimental microbial infections (14). For this reason, we have re­
cently begun to investigate the ability of human recombinant IL-1 beta
to synergize with antipseudomonal chemotherapy in mice rendered neutro­
penic by cyclophosphamide and challenged with live P. aeruginosa cells.

oC. albicans
C00 ?
O\j ,r

~/Q
~

IFN-y (

~ 1l-1

~
l3T4+0

TH-1 ~LT

\

" 1l-4
O~MHC-I Il-2 GSI, \

~~~ll5~ ~ll-6
Figure 1. Proposed mechanism of immune regulation in C. albicans infec­
tion in mice.
The lines indicate positive effects. Inhibitory effects are indicated by
the darker lines.

2. Combined Effects of Gentamicin and IL-1 Treatment

We have tested IL-1 for immunostimulant activitv in the Pseudomo­
nas infection model by injecting the cytokine aL .7 o~ .07 micrograms/kg
four days after cyclophosphamide treatment, i.e., 24 hours before bac­
terial challenge. Additional groups of mice received .7 or .07 micro­
grams/kg of IL-1 in three doses of 5.3 or 0.53 ng each, respectively,
administered on days 1, 2, and 4 following myelosuppression. At 1 and 5
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hours post-infection, the animals treated with .07 micrograms/kg of IL-1
were also given gentamicin chemotherapy. The results obtained (Table 4)
clearly demonstrate that IL-1 increased the survival rate of infected
mice in a dose- and schedule-dependent manner.

Table 4. Effect of IL-1 administration on survival of granulocytopenic a
mice challenged with P. aeruginosa. b

IL-1 treatment

Dose

0.7
0.7
0.7

0.07
0.07
0.07
0.07

1
4
1,2,4(*)

1
4
1,2,4(*)
1,2,4(*)d

MST

1
1

1
1
1.5

D/T %Survivors

0/9 0
7/9 22
4/8 50
2/8 75

0/8 0
7/8 12.5
5/8 37.5
1/8 87.5

a) Animals were treated with cyclophosphamide on day O.
b) 1010 live pseudomonas cells were injected i.p. on day 5.
c) IL-1 was administered as a single i.p. injection or in 3(*) divided
doses on days indicated.

d) The animals received gentamicin (4 mg/kg) 1 and 5 hr after bacterial
challenge. The survival'raLe of mice treated with gentamicin alone
was 25%.

MST, median survival time (days). D/T, dead animals over total animals
challenged.

This table shows that .7 micrograms/kg of IL-1 was effective in
protecting animals against lethal challenge with P. aeruginosa when
given one day before inoculation of bacteria (50% survival rate versus
0% of untreated controls). In contrast, the administration of the same
dosage of the cytokine one day after myelosuppression gave poorer
results. Interestingly, the repeated exposure of mice to an overall IL-l
dosage of.7 micrograms/kg during the four days after myelosuppression
was found to optimally restore the animals antibacterial resistance (75%
survival rate). A regimen of .07 micrograms/kg of IL-l administered as a
single injection 24 hours before microbial challenge yielded a 12.5%
survival rate. However, considerable protection was achieved when the
same overall dosage of IL-1 was administered in multiple doses at diffe­
rent times before challenge (37.5% survival rate). This effect was maxi­
mized by concurrent administration of gentamicin. In fact, mice treated
with both IL-1 and gentamicin had a survival rate of 87.5% in comparison
with 25% rate of mice injected with gentamicin alone. Therefore, these
results indicate that the restorative effects of IL-1 are largely de­
pendent on treatment schedule and are synergistic with chemotherapeutic
agents.

CONCLUSIONS

During the past several years, much progress has been achieved in

102



the characterization of the biological activity and chemical composi­
tion of cytokines and their receptors (15). A clear picture of the cyto­
kine network has emerged from the concept that cytokines often have mul­
tiple cellular targets and functions. It is also apparent that many of
the cytokines are produced by a variety of tissues.

The roles of IFN-! and IL-l in infectious disease are now begin­
ning to be adequately appreciated. However, it is also known that the
interaction between various cytokines and their target cells is consid­
erably complex. Studies reported thus far deal primarily with establish­
ed infections. To gain further insight regarding the contribution of
various cytokines and their regulatory roles in the immune response
during the early phases of infection requires detailed analysis of the
dynamic state of cells involved in the response to pathogens (15). This
approach, as we have attempted to illustrate in the present paper, would
benefit from further studies of the interaction between Thl and Th2
cells. The direct application of results generated in the experimental
models to clinical counterparts would be a logical extent ion in this
area of research, such as in the case of the combined effects of anti­
bacterial chemotherapy and cytokine administration in immunosuppressed
hosts. Undoubtedly, such application should proceed with caution because
of the complexity in the outbred populations in humans and the differen­
ces that exist between target cells sensitive to murine and human cyto­
kines.
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INTRODUCTION

Opportunistic infections occur frequently in immunocompromised patients
and in patients with cancer.1-3 In this latter group, systemic mycoses are one of
the most frequent causes of infection-related morbidity and mortality.4-6
Intensive chemotherapy, the prolonged use of broad spectrum antibiotics, and
inherent defects in host immunity related to the underlying disease are among
the major predisposing factors for opportunistic infections in genera1.7-8 Early
histologic diagnosis of systemic mycoses is often difficult in patients with hema­
tologic malignancies due to thrombocytopenia. Delays in histologic and cultural
diagnoses lead to delays in initiation of therapy. Antifungal therapy begins when
empirically prompted by persistent fever in neutropenic patients in spite of the
use of broad spectrum antibiotics.9-10 The drug of choice for most fungal infec­
tions is Amphotericin B (AmpB, Fungizone®) which is particularly effective in
non-neutropenic patients and often ineffective in the neutropenic patient.ll,12

Nephrotoxicity, chills, fever, nausea and vomiting are frequent side effects
associated with the administration of AmpB, leading to inadequate dosing or
early discontinuation of therapy.13,14 AmpB, like all polyenes antibiotics, inter­
acts with sterols in membranes which results in the.formation of transmembrane
pores)5,16 Although AmpB displays a high degree of selectivity for ergosterol
containing membranes, such as fungal membranes, the therapeutic index is not
enhanced. AmpB toxicity is related to its membrane permeabilizing effects which
allowing the for escape of vital intracellular constituents. However, evidence
indicates that membrane permeabilization may not be the only mechanism
involved in the lytic effects of AmpB, and that oxidant damage is related to lytic
activity and not to permeability changes.

Liposomes are phospholipid-based particles that can be composed of natural­
ly-occurring lipids. Like most particulates, liposomes are taken up preferentially
by the Mononuclear Phagocyte System (MPS) which can, in turn, also be the
target of fungal infections. Several investigators have used liposomes to serve as
synthetic carrier vehicles for a various antimicrobial and anticancer drugs.

Combination Therapies. Edited by A.L. Goldstein and
E. Garaci. Plenum Press. New York, 1992 105



Table 1. General Patient Characteristics

Number of patients

Underlying disease
Leukemia
Lymphoma

Other neoplasia
No underlying disease

Adapted from reference 25

46

31
2
11
2

Liposomal-AmpB (L-AmpB) is far less toxic and more active than free AmpB in
experimental candidiasis17-20 and leishmaniasis,21

L-AmpB has been used for patients with systemic fungal infections who
either failed to respond to AmpB or had adverse side effects (allergy or nephro­
toxicity that precluded the use of AmpB.22-24 We consistently observed L-AmpB
to be better tolerated than the conventional form of AmpB. Review of our
experience and further follow-up of the treated patients are reported here.

PATIENTS AND METHODS

Forty-six patients with systemic fungal infections were registered in this
study and treated with L-AmpB after an informed consent was obtained according
to institutional guidelines,24 All patients were evaluable for response to treat­
ment: 17 patients had hepatosplenic candidiasis, 19 had Aspergillosis, and 3 had
agents of mucormycosis (table 1). When L-AmpB therapy began, 4 patients with
Aspergillosis also had granulocytopenia. All patients had been treated previously
with AmpB and had evidence of disease progression. Six patients did not receive
more than the initial dose of AmpB; of these, 4 had rapidly deteriorating renal
function and 2 had a history of allergy to AmpB. In all patients, the diagnosis of
progressive fungal infection was confirmed by histologic or cultural assay immed­
iately before L-AmpB treatment began, and response to treatment was confirmed
by histologic assay. Pharmacokinetics studies were carried out in 3 patients.

Laboratory and Laboratory Analysis. Evaluations of liver function (serum
glutamic oxalacetic transaminase, alkaline phosphatase, lactic dehydrogenase, and
total bilirubin), kidney function (blood urea nitrogen [BUN], creatinine, creatinine
clearance), serum electrolytes, serum lipids (cholesterol, phospholipids, triglycer­
ides), complete blood counts, and radiologic examinations of the sites of infection
were performed before treatment and weekly during treatment.

Treatment-Response Criteria

Complete response was defined in two ways: First, a complete resolution of
all signs and symptoms of infection was required for a minimum follow-up
period of 6 months. A few patients showed persistent abnormalities on radiolog­
ical examination, but all signs and symptoms had completely resolved. Second
category, 5 patients died from causes other than fungal infection before 6 months
and showed no evidence of fungal infection at postmortem examination.
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Lipids and Drugs. Chromatographically pure dimyristoyl phosphatidyl­
choline (DMPC) and dimyristoyl phosphatidylglycerol (DMPG) were purchased
from Avanti Polar Lipids (Birmingham, AL) and deoxycholate-free AmpB was
obtained from E. R. Squibb & Sons (Princeton, NJ).

Preparation of Liposomes Containing AmpB. AmpB was incorporated into
liposomes as previously described.25 Drug formulation and analysis were conduc­
ted out in our laboratory. Deoxycholate-free AmpB was dissolved at a
concentration of 40 Ilg/mL of methanol and added to a phospholipid-chloroform
solution in a 1:14 AmpB to lipid ratio. The organic solvents were evaporated in a
rotary evaporator, sterile NaCI solution was added to the dried lipid films, and
liposomes were formed by mixing the solution vigorously by hand. Phospho­
lipid content of the resulting suspension was determined by measuring the
organic phosphorus in the preparation and AmpB content was determined by
high-performance liquid chromatography,25 Liposome size distribution was
assessed in a Coulter Channelizer (Coulter Electronics, Hialeah, FL). Liposome
diameters ranged from 0.5 to 6.0 11m, with 60% measuring between 0.5 and 3.0
11m. Sterility was determined both by radiometry (Bactec; Johnston Laboratories,
Cockeysville, MD) and by direct inoculation onto blood and chocolate agar plates.
All cultures were incubated at 37°C for 2 weeks before being considered negative
for growth and before liposomes were used. Endotoxin, if present, measured
lower than 0.25 ng/mL, as assessed by the Limulus amebocyte lysate assay. The
liposome preparation used throughout this study was composed of DMPC and
DMPG in a 7:3 molar ratio. The PL: AmpB of the total preparation was 14:1.
However, the heterogeneity of PL:AmpB ratios was reflected in the structural
heterogeneity of the liposomes which varied from multilamellar structures to
rL:AmpB complexes not displaying typical lamellar forms. L-AmpB (2 mg
AmpB; 28 mg/lipid/mL) was resuspended in pyrogen-free 0.9% NaCl solution
and kept at 4°C until used. L-AmpB is stable for more than 12 months at 4°C (PL
and AmpB analysis). Each batch contained between 1.5-2.0 G AmpB. All
analytical parameters were consistent in all batches.

Treatment Regimen. Treatment was initiated in all patients within 2 weeks
after persistence of fungal infection was confirmed. L-AmpB was administered by
IV at dosages between 0.4 and 5.0 mg/kg of body weight. The initial treatment
schedule was 0.4 mg AmpB/kg of body weight every other day. The protocol pro­
vided for dose escalations of 1 mg AmpB/kg every 3 doses based on patient
tolerance, judged by the absence of significant clinical toxicity such as fever, chills
and changes in K+, Mg++ or serum creatinine.

Table 2. Patient Characteristics

Patient Agel Underlying Fungal Disease Main Site Dose of Creatinine Alk.
No. Gender Disease of Infection AmpB Clearance Phosphatase

(mg/kg) (cc/min) (u/d!)

1 2/F None Aspergillus Rhinocerebral 51 106 121
2 341M AML Candida Liver 86 79 >350
3 81M ALL Candida Liver 30 54 >350

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia.
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Table 3. Response to Treatment

Fungal Diagnosis
Infection Site

Candidiasis
Aspergillus
Agents of mucormycosis
Other

Number of
Patients

21
19
3
3

Complete
Response

14
8
1
1

Failures

7
11
2
2

After preliminary experience with the phase I trial, the dose schedule was
modified. At present, patients are started at 2 mg AmpB/kg body weight. Once
the starting dose is tolerated for 3 days, the dose is escalated by 1 mg AmpB/kg
every 3 days until 5 mg/kg is reached. The 5 mg AmpB/kg dose will be contin­
ued until a cumulative dose of 75 mg AmpB/kg is reached. This dose was based
on our experience with complete responders whose mean cumulative dose was
75 mg AmpB/kg. In most patients a biopsy is repeated 4 weeks following the
completion of therapy.

Pharmacokinetic and distribution studies. A dose of 2 mg L-AmpB/kg body
weight was given to the 3 patients we studied (table 2). Blood samples (5 mL total
volume) were obtained prior to administration, immediately after the end of the
infusion, and at I, 3, 5, 10, IS, 20, 30, 40, 60, 90, 120, 180,240 minutes and at 5, 12, ~4,
and 48 hours. After each withdrawal, the catheter was flushed with 0.9% NaCl
solution containing 0.1% heparin. Pharmacokinetic parameters, volume of dis­
tribution and half-lives (~ and a) were calculated by nonlinear regression analysis.

RESULTS

Response to Therapy. Of the 46 patients, 24 responded completely and 22
patients did not (table 3).

Complete responders. Thirteen of the 17 patients with hepatic candidiasis
and either of the 19 patients with Aspergillosis showed a complete response. Of
the 17 patients with hepatic infection, three were also treated with chemotherapy
for relapsing leukemia. In spite of prolonged bouts of neutropenia, a complete
response of fungal infection was achieved. In the patients with aspergillus sinus­
itis, objective response was observed within 2 to 3 days after initiation of therapy.

Fever and chills, when they occurred, presented within 1 to 2 hours of
administration and were mostly mild to moderate, and responded readily to
traditional measures. Potassium supplementation was required but did not
complicate administration. L-AmpB was not discontinued in any patient due to
toxicity, and no major alterations in the treatment protocol were required. No
evidence of chronic renal, central nervous system, or hepatic toxicity was
observed. Cumulative doses of up to 2.9 G phospholipid were administered with
no evidence of hepatic toxicity.
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Table 4. Pharrnacokinetic Summary of Liposomal AmpB

CXT Clp Mean
Patient tI/2 (hours) Vd (~/ (~/ Residence
No. n ~ "( (1) mlxh) m1xmin) Time (hrs)

1 0.047 7.1 24.0 9.6 207.9 9.9
2 0.016 4.6 45.5 3.3 607.9 6.6
3 0.088 0.121 8.9 14.4 32.8 61.0 11.7

X±S.E.M. 0.05±0.02 6.9±1.3 28±9 15.2±9 292±163 9.4±1.5

Pharmacokinetics. The pharmacokinetic results are summarized in Table 4.
The VD in patient number 1 who had no overt liver function abnormality was
13.5 I. His distribution phase was 17 min and his elimination phase was 992 min.
In contrast, patients 2 and 3 who presented with disseminated hepatosplenic
candidiasis and markedly altered liver functions had a comparatively increased
VD (24 and 30.5 I., respectively). In addition, their t 1/2 ~ was shorter than while
the elimination phase was similar to all other patients.

The plasma clearance closely fit a two-compartmental model in two patients
and a three-compartmental model in one patient. The a phase half-life was 0.05
hours; however, the terminal phase half-life was 6.9 ± 1.3 hours. The volume of
distribution was variable 04.4 ± 45.5 I., means 28 ± 9 liter) and appeared similar to
the total body water compartment. Patient 1 demonstrated no overt liver
function abnormality; however, patients 2 and 3 presented with disseminated
hepatosplenic candidiasis and markedly altered liver function tests. The wide
disparity between the pharmacokinetics absent in patient 1 and patients 2 and 3
may be due, in part, to the hepatic dysfunction absent; however, wide variabilities
in AmpB pharmacokinetics have been observed in previous studies.26,27

DISCUSSION

L-AmpB was safe and effective in the treatment of systemic fungal infections
even failing to respond to conventional AmpB. L-AmpB is easier to administer
than conventional AmpB. Because lower infusion volumes of L-AmpB then
AmpB, there are can be used shorter infusion periods and usually, no premedic­
ation is required. In addition, patients can be treated on an outpatient basis due
in part to the lack of acute side effects and ease of administration. Patients with
impaired renal function related to the previous administration of conventional
AmpB were found to tolerate L-AmpB. During L-AmpB treatment, a gradual
improvement in renal function was consistently observed which potentially
facilitates the co-administration of other necessary but potentially nephrotoxic
drugs such as the aminoglycosides and cyclosporine.

In those patients for whom long-term follow-up was available, no recurrent
or new fungal infections were observed. The response to treatment with L-AmpB
in spite of profound neutropenia is an encouraging finding in this study, since
chemotherapy for the primary disease does not need to be discontinued.
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The improved therapeutic index observed with L-AmpB may be related to
modifications in the interactions of AmpB with fungal and mammalian cells
when presented in the liposomal form. In vitro experiments comparing the
differential toxicity of L-AmpB to red blood cells and fungal cells support this
latter concept.28 We observed in mice injected intravenously with AmpB or L­
AmpB that at 24 hours the liver concentration of free AmpB or L-AmpB was
similar. However, high and persistent concentrations of AmpB were observed in
mice with systemic candidiasis. This latter finding and the superior activity of L­
AmpB to treat experimental candidiasis suggests an enhanced bioavailability to
infected tissues. Such a process may be related to capillary leakage or to secondary
transport by peripheral phagocytes.

Hepatosplenic candidiasis is becoming recognized as a variant of systemic
candidiasis particularly in patients with hematologic malignandes.24
Christiansen et. al.30 observed high tissue concentrations of AmpB in patients
with aspergillosis or candida infection in the same organs. Of relevance was that
AmpB extracted from the infected tissues retained the antifungal potency against
the infecting organism, suggesting that it was not resistance but other factors
limiting the availability of the drug to the fungus. Our experience with patients
who have hepatosplenic candidiasis lends further support to an enhanced avail­
ability of the drug to interact with the fungi in the liposomal form.

Further studies in diverse fungal infections will shed light on the spectrum
of activity of L-AmpB. Scale-up procedures for the pharmaceutical production
are being developed, and several studies are underway with a formulation of
similar phospholipid composition. Studies should include treatment and
prophylactic studies, both in systemic mycoses and leishmaniasis.
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THE POTENTIAL ROLE OF IMMUNOMODULATION IN THE TREATMENT OF HIV-INFECTION

AND MALIGNANT DISEASES

Evan M. Hersh, Carole Y. Funk, Eskild A. Petersen

The University of Arizona Health Sciences Center
Tucson, Arizona 85724

INTRODUCTION

The AIDS epidemic continues to worsen worldwide. 1 The incidence of
malignant disease is also increasing. 2 Cancer and AIDS can be
considered to be related in several ways. In both, immunodeficiency is
related to a poor prognosis. 3 ,4 Also, AIDS may be considered the most
important of the clinical states which predisposed to malignancy and up
to 20% of HIV seropositive subjects will eventually get malignant
diseases. 5 This suggests that immunorestorative therapy may be useful
in both AIDS and cancer.

Approaches to the therapy of HIV-infection have concentrated on
anti-retroviral chemotherapeutic agents such as zidovudine, anti­
retroviral biologics such as interferon a (IFNa) and the development of
preventive and therapeutic AIDS vaccines.

Little attention has been paid to immunorestoration or
immunomodulation in the treatment of AIDS. However, there have been
some leads. Several reports cite either immunological improvement,
clinical benefit, or both from the administration of thymic hormones 6 ,
isoprinosine,7 and diethyldithiocarbamate. 8 ,9, 10, 11 Benefits observed
have included increased numbers of circulating CD4+ cells, improved
cutaneous delayed hypersensitivity, improved mitogen responses,
diminished symptoms, reduced lymphadenopathy and splenomegaly, reduced
opportunistic infections, and reduced mortality.

The immunomodulatory drugs used in patients with HIV-infection or in
relevant animal models are listed in Table 1. They include the thymic
hormones, cytokines and chemical immunomodulators of diverse classes
including: nucleic acid analogues, imidazoles, thiols and
cyanoaziridines.

Of these, we have focused our preclinical and clinical work on the
thiol compound diethyldithiocarbamate (ditiocarb, ImuthiolR) and the
cyanoaziridine compound Imexon.

There are a variety of animal models of human AIDS which have been
accepted as relevant models in which to examine putative AIDS
therapies. 12 There are murine models including: graft versus host
disease, Rauscher leukemia, Duplan MuLV LP-BM5 virus infection, the HIV
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Table 1. Immunomodulatory Drugs of Potential Value for the
Treatment of HIV-Infection.

Thymic Hormones
Thymosin a 1
Thomopoeitin Pentapeptide
Thymic Humoral Factor
Cytokines
Interferon a
Interleukin-2

Chemical Immunomodulators
Nucleic Acid Analogues
Isoprinosine
inosine monophosphate methylester
Imidazoles
Levamisole
Thiols
Ditiocarb
N-acetylcysteine
Cyanoaziridines
Azimexon
Imexon

transgenic mouse and severe combined Immune Deficiency (SCID) mice
reconstituted with human cells and infected with HIV.13 In addition,
feline immunodeficiency virus (FIV) infection, simian immunodeficiency
virus infection (SIV) and chimpanzees infected with HIV are useful in
the study of various aspects of HIV prevention and therapy.

We have utilized the LP-BM5 model to investigate immunomodulatory
drugs for HIV-infection. This disease is induced by a mixture of
replication-competent non-pathogenic MuLV and a replication-defective
pathogenic mink-cell focus forming virus. 14 The natural history of the
LP-BM5 retrovirus induced immunodeficiency disease is shown in Figure 1.
Within 2 weeks after virus inoculation the animals develop impaired T­
cell function and hypergammaglobulinemia. There is progressive
lymphadenopathy and splenomegaly. Animals begin to die at 15 weeks and
are all dead by 23-24 weeks after virus inoculation. Similar to AIDS,
there is opportunistic infection, opportunistic malignancy (B-cell
lymphoma) and neurological involvement. The disease responds to
azidothymidine. 15 Different from HIV, LP-BM5 is related to MuLV and not
a Lente virus, the infected cells are B-cells, macrophages and glial
cells rather than T-cells, macrophages and glial cells as in HIV. While
there is complete loss of T-cell function, T-cells are not depleted in
number.
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Figure 1. Natural history of LP-BM5 infection of C57BL6 mice.
Relative value scale for IgM serum level, lymph node
size and splenomegaly is shown on left. Percent scale
of animals with a measurable PHA response and survival
are shown on the right.



METHODS

C57BL/10 mice were maintained in microisolator cages, 5 animals per
cage and were manipulated only in a laminar air flow hood. The animals
were maintained with conventional water and food. Mice of approximately
6-8 weeks, weight 20 gm were used. There were 5-8 animals per group.
Mice were inoculated with a virus dose chosen so there would be an
approximate doubling of the serum IgM level at 2 weeks after virus
inoculation.

DTC solution was prepared fresh daily and injected IP in a volume of
0.1 ml containing 20, 200, 400, 600 or 800 mg/kg. 5 days per week
(Monday-Friday).

Animals were examined weekly for lymphadenopathy and the number of
animals with palpable lymph nodes and the approximate lymph node size
were measured with calipers and recorded. The day of mortality was also
recorded. The animals were bled from the retro-orbital plexus. Serum
IgM was measured using the ELISA method. For the measurement of
lymphocyte blastogenesis animals were sacrificed by cervical
dislocation, their spleens removed, weighed, minced with a single cell
suspension resulting. T and B cells were stimulated by the addition of
phytohaemagglutin (PHA) 1 #g/ml and lipopolysaccharide from E. Coli
0111:B4 (LPS) 50 #g/ml respectively. Proliferation was measured by [3H)
thymidine incorporation.

The methods used in the clinical study of ditiocarb in patients with
HIV-infection, which is summarized below, are given in the original
manuscript. 16

RESULTS

We investigated the effects of ditiocarb therapy in the LP-BM5
model. Table 2 shows the effects of 200, 400 and 600 mg/kg intra­
peritoneally given 5 days per week starting on the day of virus
inoculation. A dose response effect on both lymphadenopathy and
survival was noted with the 600 mg/kg dose being most active. This dose
was not exceeded since prior studies had shown it to be the maximally
tolerated dose.

Table 2. Effect of Diethyldithiocarbamate (Ditiocarb) on the Course
of the LP-BM5 Retrovirus-Induced Immunodeficiency Disease.

Dose
mg/kg/d 1

None
200
400
600

Percent With
Lymphadenopathy2

100
100
43
14

Average Node
Size2

204
120
50
14

Percent
Survival3

28
28
57
86

1 Drug given 5 days per week starting the day of virus inoculation.
2 Area of cervical lymph nodes measured in mm2 at 15 weeks.
3 Percent of mice surviving at 19 weeks.

Of interest, ditiocarb could be administered late in the course of
disease with striking effect. Thus, as shown in Figure 2, ditiocarb
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Figure 2. Effect of ditiocarb on LP-BM5 infection. Treatment with
400 mg/kg 5 days per week intraperitoneally was started
10 weeks after virus inoculation. Top panel - lymph
node size; Bottom panel - survival.

started 10 weeks after virus inoculation abrogated lymphadenopathy and
prevented mortality up to 24 weeks after virus inoculation.

When drug was stopped lymphadenopathy reappeared and mortality occurred
(data not shown).

We also investigated the effects of Imexon administered at doses of
50-150 mg/kg intraperitoneally 5 days per week. As with ditiocarb, we
noted that the drug could be started as late as 13 weeks after virus
inoculation with striking effects on lymphadenopathy and survival (Table
3). The maximally tolerated dose in the mouse is 150 mg per kg twice
weekly. However, even 50 mg per kg was active.
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Table 3. Effect of Imexon on the Course of the LP-BM5
Retrovirus-Induced Immunodeficiency Disease
When Started 13 Weeks Post Viral Inoculation.

Dose In
mg/kg/d 1

Average Node Size MM2
At 21 Week2

Survival At
21 Weeks (%)

none
50
75
100
150

94
o
o
o
25

o
62
75
75
62

2

Drug given daily 5 days per week except twice a
week in 150 mg group.
Measurement of area of cervical lymph nodes.

We next explored whether Imexon could be combined with anti­
retroviral therapy with zidovudine or azidothymidine (AZT). Selected
results are shown in Figures 3 and 4. Therapy was started with AZT at
0.2 mg/ml in the drinking water and Imexon was given at 50 mg/kg 5 days
per week, both starting 2 weeks after virus inoculation. A synergistic
effect on the prevention of the development of lymphadenopathy and on
survival was noted in the group receiving combination therapy.
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This combination regimen was also immunorestorative. The response
of spleen lymphocytes to the mitogens PHA and LPS were markedly improved
by the combination (Figure 5).

Clinically, immunomodulators are being studied for the treatment of
patients with HIV-infection. We conducted a randomized, double-blind,
placebo-controlled trial of ditiocarb in 387 patients with AIDS related
complex (ARC) and AIDS.16 The results are summarized in Table 4. At
entry the drug and placebo groups were well-balanced with regard to the
usual clinical parameters as well as for peripheral blood CD4+ cells and
CDC AIDS classification groups.
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Figure 4. Effect of combined therapy with AZT and Imexon on
the course of LP-BM5 infection on the course of LP­
BM5 infection. The survival of animals in the same
experiment as Figure 3 is shown.

There was a significant reduction in the incidence of new opportunistic
infections in the drug versus the placebo group. There was a
significant reduction in other events such as recurrent opportunistic
infection, severe fall in CD4+ cell count, other infections in the drug
versus the placebo group. There was no difference in the low incidence
of Kaposi's sarcoma or mortality. There was no significant toxicity in
the drug versus the placebo groups. Thirty-five patients in each group
received concurrent zidovudine. There was no adverse effect of the
combination and the trend of benefit from the drug was seen in this
subset as well.
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Table 4. Randomized, Double-Blind, Placebo-Controlled Study of
Ditiocarb In Patients With HIV-Infection.

Parameter Ditiocarb Placebo P

Number of patients 191 196 NS
age (median years) 35 34 NS
weight (median kg) 73 73 NS
ARC patients 137 140 NS
AIDS patients 53 56 NS
CD4 cells/mm3 263 213 NS
CDC group II-III 56 58 NS
CDC group IVA 26 28 NS
CDC group IVC2 56 54 NS
CDC group IVCl 43 40 NS
CDC group IVD 10 16 NS
On AZT Therapy 35 37 NS

new OIs (all) 10 21 0.032
new OIs (AIDS) 1 7 0.046
OIs and other events• (all) 17 39 0.002
OIs and other events (AIDS) 6 14 0.079
New KS 4 4 NS
Deaths 8 8 NS
Toxicity 2 5 NS

·Other events: recurrent CDC defined OIs, OIs not CDC defined,
progression to an indication for zidovudine therapy.

DISCUSSION

These results suggest that therapy with immunomodulators should be
further explored, both alone and in combination with antiviral therapy
in HIV-infection and in cancer. Ditiocarb has immunorestorative effects
in immunosuppressed animals,17 is effective in murine autoimmune
models 18 and is effective in human HIV-infection. There have been 4
randomized trials in HIV patients showing benefit of this
drug. S• 10. 11.16 The mechanism of action is not known but probably
includes inhibition of polyclonal B-cell activation, inhibition of
macrophage release of toxic products such as N02, 03- and of cytokines
such as TNF and IL-l. It may also serve as a glutathione repleter.

Imexon has not been used clinically but a related cyanoaziridine
compound, azimexon was shown to have in-vitro immunorestorative activity
and some benefit in patients with HIV-infection. 19 The mechanism of
action is not known but Imexon is immunorestorative in immunosuppressed
animals and is also active in murine models of malignant disease. 20

Immunomodulatory therapy is of potential benefit for human disease.
Plans for future work in this area should include studies of mechanism
of action using in-vitro systems, investigation of combination therapy
in animal models and systematic investigation in human disease.
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Acquired immune deficiency syndrome (AIDS) is a global disease
which has presented extraordinary challenge to the scientific community
in terms of understanding the pathogenesis, treatment and prevention of
the disease. With the identification of human immunodeficiency virus
(HIV) as the etiological agent (1-3), it is now possible to investigate
approaches to develop treatments for the disease and vaccines for the
prevention of the disease. With an estimated six to ten million HIV-l
infected individuals worldwide and over 160,000 known cases of AIDS in
the United States, it is extremely important and urgent to look for
strategies to control the disease by antiviral therapy.

HIV is a cytopathic retrovirus that selectively infects and kills
T helper cells resulting in immune suppression (1-4). HIV contains
reverse transcriptase like other animal retroviruses and buds from the
cell membrane (2). The virus enters the cell by attaching through the
CD4 receptor and after entry undergoes uncoating followed by synthesis
of DNA copy of the viral RNA which subsequently integrates into the host
genome. The viral DNA can also be present in the unintegrated form and
can replicate in the cytoplasm. The virus membrane is known to contain
very high cholesterol to phospholipid ratio (5,6) thus making it another
target for antiviral agents.

Various approaches are currently being pursued in controlling the
disease using antiviral agents that interfere with the virus life cycle
at different stages of replication. These include: (i) inhibition of
reverse transcriptase and RNA directed DNA synthesis by nucleoside
analogs, such as AZT, dideoxycytidine (ddC) and dideoxyinosine (ddI)
(4,7), phosphonoformic acid or foscarnet (8,9); (ii) binding or removal
of cholesterol from viral membrane by agents such as amphotericin methyl
ester and AL-72l (10,11); (iii) inhibition of tat gene function by
agents such as D-penicillamine (12,13); (iv) inhibition of virus
packaging by agents such as avarol and avarone (14); and (v) inhibition
of regulatory gene functions or splicing by antisense oligonucleotides
(15-20).

Reverse Transcriptase Inhibitors

Inhibition of reverse transcriptase has been a major target to
block HIV replication. Several compounds have been identified that
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block virus replication by inhibiting reverse transcriptase and/or
terminate DNA synthesis. One of the first compounds that was identified
to block reverse transcriptase was suramin (21) which was later shown to
have severe toxic side effects in treatment of AIDS patients. We and
others identified foscarnet as the second compound that was found to be
an effective inhibitor of HIV-l reverse transcriptase (8,9). This
compound was first used in the treatment of cytomegalovirus (CMV)
infections. Foscarnet is currently undergoing clinical trials in
several countries. The main disadvantage of this drug is the need to
give the drug by intravenous infusions. We have recently prepared
palmitoyl analogs of foscarnet that are also effective inhibitors of
HIV-l replication (22). The presence of the lipid group may be useful
in the passage of the drug through the blood brain barrier. More
recently, we have observed that prolonged treatment of the virus
infected cells with foscarnet results in the development of resistant
HIV strains. (Sarin et al, unpublished results). Nucleoside analogs
form another group of compounds that inhibit HIV replication by blocking
DNA synthesis. The most widely known compound is AZT which has been
used in clinical trials in adults with AIDS and pneumocystis carinii
pneumonia (PCP). (4). Other nucleoside analogs that are currently being
evaluated in clinical trials include dideoxycytidine (ddC) ,
dideoxyadenosine (ddA) , and ddI (4,7). The terminal plasma half life
for these compounds is rather low ranging from 0.5 hr for ddI to
approximately 1 hr for AZT and ddC (4). Although, weight gain and
immunological improvements have been observed in some patients, a number
of patients experience bone marrow suppression, anemia requiring blood
transfusion, nausea, insomnia, severe headaches and neutropenia. AZT is
also being tried on a limited scale on pediatric patients with AIDS.
ddC was the second nucleoside analog that was tried in clinical trials.
Despite early evidence of reduction in HIV p24 antigen levels, a number
of patients on ddC administration developed fever, oral ulcerations and
peripheral neuropathy especially involving feet (4). ddI (7) is
currently being evaluated in clinical trials on AIDS patients. To
overcome the toxicity problems associated with both AZT and ddC, a
combination therapy protocol was designed and preliminary results
indicate that the toxicity of the two agents can be reduced to lower
levels with this approach (4, 23). Other combinations protocols that
have shown efficacy in vitro include combination of AZT with foscarnet
(24,25), castanospermine (26) and amphotericin methylester (Sarin et
al., unpublished results) await further evaluations in clinical trials.
Since glycerophospholipid analogs of anticancer agents such as ara-C
diphosphate have shown improved efficacy (27,28), dimyristrin conjugates
of nucleotide analogs have been examined by Hostetler et al. (29) with
the goal of targeting these analogs to macrophages. We have examined
the HIV inhibitory capacity of a monophosphate diglyceride conjugate of
AZT containing esterified saturated palmitoyl and unsaturated oleoyl
fatty acids (30). The compound AZTMPDG obtained by the condensation of
sn-l-palmitoyl-sn-2-o1eoyl phosphatidic acid and AZT, and extruded
unilamellar vesicles containing AZTMPDG with the molar compositions:
20% AZTMPDG/80%egg phosphatidyl choline (PC); AZTMPDG 80%/20%
cholesterol; and 18% AZTMPDG/35% cholesterol / 47% egg PC, when examined
for anti HIV activity showed very good inhibition of HIV in cell
culture. Relative to free AZT the IC50 of AZTMPDG for inhibition of
HIV-l p17 and p24 differ by a factor of about 3. Similar values were
obtained for other mixed liposome preparations (30). The activity of
the conjugate does not arise from free AZT, since no free AZT is
released upon incubation for 3 days at 37·C in fresh human serum. The
lack of toxicity of these AZT derivatives in cell culture and the
potential for passage of such compounds through the blood brain barrier
suggests that this class of anti HIV dideoxynucleotide conjugates of
glycerophospholipids may be useful in the treatment of AIDS.
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Antisense Oli~odeoxynucleotidesas Inhibitors of AIDS Virus

In 1978, Zamecnik and Stephenson used oligonucleotides
complementary to Rous sarcoma virus RNA to inhibit viral replication and
proposed the possible us of oligonucleotides in chemotherapy (31,32).

Antisense oligonucleotide approach to chemotherapy is based on
considerations: (a) that the complementary synthetic oligonucleotide
acts by hybridizing with the 'sense' or instructional strand of a
sequence genome thereby impairing the replication, transcription, or
translation of that strand; and (b) that the length of the synthetic
antisense strand, or 'hybridon' (31), should be sufficient to make it
unique for the viral or human genomic segment to be blocked or
modulated.

It is assumed that oligonucleotides complementary to conserved
regions of HIV-RNA should be most effective in inhibiting processes
involving single-stranded RNA. In order to evaluate inhibition of HIV
replication by oligomers, several targets were selected which are
involved in viral recognition step. They include the extreme 5'-end of
RNA the AUG initiator codons and sites that are involved in processing
RNA such as the splice donor and acceptor sites. Although these sites
involved in translation and processing of RNA are likely to have some
homology with most sequences, an oligonucleotide, 17-mer or longer
should be specific for viral sequences.

Inhibition of reverse transcription is the other target of choice,
and should be specific as this is not a normal cellular function. Three
other sites initially selected were: (a) binding site for tRNA primer
(PBS), (b) immediately upstream of tRNA binding site (nest to PBS) and
(c) middle of the 5'-repeated region. Oligonucleotide binding to tRNA
primer site, would compete with tRNA and prevent initiation of
transcription. An oligonucleotide complementary to the region 5' to PBS
may block initiation of transcription by reverse transcriptase with
steric interaction or by inability of the enzyme to unwind a DNA-RNA
hybrid.

HIV-l rev gene, which is essential for viral replication and
regulates the expression of various proteins, in part by affecting the
splicing of the viral rnRNA has also been used as a target. Other sites
which have been studied for antisense inhibitors are (a) TAR - the
portion of transactivator responsive region which is essential for
transcription stimulation by the tat protein, (b) nef and vif, start
codons of the genes for the regulatory protein nef, and the virus
infectivity factor vif respectively.

Several oligonucleotides (20-mers) complementary to HIV have been
tested and all showed activity to some extent. An oligonucleotide which
is grossly mismatched showed no activity. The most active
oligonucleotides were complementary to the poly(A) signal, to 5'end of
RNA (cap 5'-untranslated region, next to PBS and the primer binding
site) (15,16).

Of the internal sites, only the splice acceptor site for tat
(5349-5368) was the most active. Of comparable activity was the
oligonucleotide complementary to another splice acceptor site, upstream
of env-initiator (7947-7966). The 1050 as assayed by syncytia formation
and p24 antigen expression was in the range of 20-100 ~g ml- t (3.5-16
~M). In general, at this concentration range oligonucleotides show no
cytotoxicity in the tissue culture system. Unmodified oligonucleotides
were not active when they were added to cells which were infected for 24
hours or more, or chronically infected (20).

Oligonucleotide analogs such as, methylphosphonates also form
stable duplexes with DNA/RNA (33), but because of their nonionic nature,
the binding of the oligomer to its target is an equilibrium process, and
excess of oligomer is required to drive the binding equilibrium towards
the bound state. In previous studies, methylphosphonate oligomers were
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found to be effective over a concentration range of 30-150 ~M (34).
We have tested several oligonucleotides (20-mers), containing 5 to

18 methy1phosphonate residues for their anti-HIV activity and compared
them to unmodified oligodeoxynuc1eotides. The oligomer sequences tested
were complementary to splice acceptor site of tat encoded mRNA (18).
The effects of these oligomers on HIV-induced syncytia formation, viral
antigens (p17 and p24) expression and cell viability showed similar
levels of inhibition. Inhibition of HIV replication by an
oligonucleotide methylphosphonate complementary to tat gene splice
acceptor site showed a strong does dependent inhibition with 80-100%
inhibition seen at 5 to 10 ~g/m1 [approximately 1 ~Ml. A self
complementary 20-mer phosphorothioate oligomer was ineffective even up
to 15 ~M concentration assayed under the same conditions.

We also observed that phosphorothioate homoo1igomers of S-dC20, S­
dA20, S-dG20, S-T20 and also mismatched oligomers showed some anti-HIV
activity, if they were added to cell culture simultaneously with the
virus. At low concentration they were less effective than a
complementary sequence, but at a higher concentration, showed similar
activity. Thus, at a higher concentration of this series of compounds,
mechanisms of action other than hybridization arrest' may be
operational. Similar results were obtained by Matsukura and coworkers
(35). They observed 80% inhibition of p24 at concentration of 25 ~M of
28-mer complementary to ~ gene, whereas homopolymer of cytidine, S­
dC28, was effective at 0.5 ~M concentration and protected 100% cells
against HIV infection. This effect was both dose and chain length
dependent.

In subsequent studies, we added the phosphorothioate oligomers to
the cell culture after 24 hours and in a separate experiment 48 hours
after infection. Phosphorothioate oligomer which was complementary to
tat gene splice acceptor site ~'antisense oligomer" was effective and
sense or random phosphorothioate oligomers failed to protect cells from
HIV-induced cytopathic effect (20). The effective dose of antisense
oligomer' after 24 hours or 48 hours post infection addition was higher
than when added simultaneously with the virus. At 1.5 ~M concentration,
the inhibition of p17 at 0, 24, and 48 hours post infection was 96%, 88%
and 36% respectively.

Sequence specific and non-sequence specific effect of
phosphorothioate oligomers was much clearer in a model experiment, where
oligomers were added at 0 hour (simultaneously with the virus) and 4,8,
24 and 48 hours after infection. Three oligomers were studied, one
complementary to splice donor site, one mismatched and one S-dA20, all
20-mers in length. When added simultaneously, all three oligomers were
effective at about the same dose, but as the time of post-infection and
addition of oligomer goes from 0 to 48 hours, there is a marked
difference in doses of all three oligomers. Antisense oligomers
required approximately 3-fo1d higher amount to inhibit syncytia by 50%
whereas the mismatched oligomer and a S-dA20, required 8- and 11-fo1d
excess respectively. These studies suggest that the effect observed
with the antisense oligomers is sequence specific in chronically
infected cells. Since HIV-1 has been shown to contain a high
cholesterol to phospholipid ratio (5,6) compared to the normal
lymphocyte membrane, we examined a number of unmodified and
thiophosphate oligomers bound to cholesterol for their capacity to
inhibit HIV-1 replication (19). The reason being that the cholesterol
modified oligomer will be more hydrophobic due to the presence of
cholesterol. This may enhance the affinity of the cholestery1-o1igomer
to HIV and HIV infected cell membrane and thus increase the chances of
oligomer uptake by the cells and subsequent interference with virus
replication.

The cholesterol conjugated oligomers are water soluble, show
normal thermal dissociation characteristics and form complexes with
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complementary oligonucleotides. The attachment of cholesterol group
enhances the anti HIV-l activity of both the phosphodiester and
phosphorothioate oligomers. The attachment of a cholesterol residue to
a oligomer (20 mer) complementary to the splice acceptor site (5349­
5368) changes the ID50 from>lOO for the unmodified oligomer to a value
of 10 for oligomer which contains the cholesterol residue. Similarly,
in the phosphorothioate analogs, oligomer without the cholesterol
residue has an ID50 of 6 whereas the oligomer with cholesterol residue
has an ID50 of 0.8. Similar effect is observed when a comparison is
made between oligomers of shorter chain length. For example, a 15 mer
oligomer shows an ID50 of 14.5 which after attachment of a cholesteryl
residue has a value of 3.2. Similar improvement in activity is observed
with a 10 mer from an ID50 value of >100 to a value of 3.5 for the
oligomer with a cholesterol residue attached. The TD~ values for all
these compounds are >100 suggesting that these compounds will be non­
toxic at therapeutic doses needed to block HIV replication, and hence
these compounds could prove to be very useful as antiviral agents in the
treatment of AIDS.

Preliminary studies on the acute toxicity of oligonucleotides in
mice and rats were performed with a 20-mer unmodified oligonucleotide
(16), as well as its phosphorothioate and phosphoromorpholidate
analogues (20). The sequence tested was complementary to the splice
acceptor site of HIV tat-gene. The oligonucleotides were injected
intraperitoneally in 1 ml volume (in saline) into two male and female
animals. In mice, no symptoms of toxicity were observed for up to 14
days at doses up to 100 mg/Kg body weight. Phosphorothioate and
phosphoromorpholidate analogues gave identical results. In rats,
unmodified oligonucleotide as well as its phosphorothioate analogue of
the same sequence and length as in mice, showed no toxicity up to a dose
of 150 mg/Kg of body weight (20).

Oligonucleotide phosphorothioates are effective in inhibiting HIV
replication in tissue culture at a concentration of lXlO~ M, which
translates into a dose of 0.6 mg/Kg body weight. A non-toxic dose of
100 mg/Kg, in acute toxicity experiments above, represents an
exploitable therapeutic window for oligonucleotide therapy. Clinical
evaluation of these oligomers either alone or in combination with other
antiviral agents will determine the efficacy of the antisense compounds
in the treatment of AIDS.

The use of antisense oligonucleotides in control of gene
regulation and inhibition of virus replication is a unique approach
designed to interfere with cell and virus replication machinery at the
molecular level. This technique has a wide applicability and has
already been used in the inhibition of replication of HIV (36,37),
vesicular stomatitis virus (38,39), herpes simplex (40), and influenza
(41,42) viruses. Antisense oligonucleotides have also been used in
elucidating the functions of certain protoonocogene product in cell
differentiation (43,44). In the cell free system, both the rabbit
reticulocyte (45) and Krebs-2 (46) have been used to measure inhibition
of specific mRNA function, such as globin mRNA translation in rabbit
reticulocyte system. Another system that has been successfully utilized
to measure the effect of antisense oligomers on mRNA translation is the
Xenopus oocytes. This system has been used (47) to study the inhibition
of IL-2 expression by antisense oligomers. In other studies the
antisense RNA approach has also been used in plants to study segregation
and recombination (48, 49), and lymphokine biosynthesis and autocrine
growth (50).

Evaluation of the studies carried out thus far with antisense
approach suggest the potential for a wider applicability of this
technique for understanding mechanisms of gene regulation and for
therapeutic control of viral diseases such as AIDS. One of the major
hinderance in the use of antisense approach in the treatment of AIDS is
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the cost of large scale production of antisense oligomers. Once
techniques become available for production of large quantities of
antisense oligomers, this approach could be very useful in not only
therapeutic control of AIDS and viral diseases but experiments in
correction of genetic defects may also become obvious.

Other Approaches to the Development of Antiviral Agents

A number of other approaches are being investigated to obtain
drugs that could prove to be useful in the treatment of AIDS. These
include blocking of virus attachment by interfering with the CD4
receptor (51, 52), inhibiting virus replication and amplification by
blocking tat gene function by agents such as D-penici11amine (12,13),
blocking virus assembly by agents such as avaro1 and avarone (14) and
metal che1ators such as mono and disu1fonic acid derivatives (53,54).
Other approaches that may prove to be useful in the development of
agents for the treatment of AIDS should focus on the need to obtain
compounds that can cross the blood brain barrier. Preparation of
glycerophospho1ipid analogs of known antiviral agents or liposomal
encapsulation may be useful in crossing the blood brain barrier as well
as decreasing the toxicity of these agents. These approaches need to be
investigated in order to provide agents that could be used either alone
or in combination with other drugs or immunomodulators in the treatment
of patients with AIDS with minimal side effects.

REFERENCES

1. Gallo, R.C., Sci. Amer. 256,46-56, 1987.
2. Sarin, P.S., Ann. Rev. Pharmaco1. 28, 411-428, 1988.
3. Haseltine, W.A., J. AIDS 2, 311-334, 1989.
4. Yarchoan, R. et al., New Engl. J. Med. 321, 726-738, 1989.
5. Aloia, R.C. et al., Proc. Natl. Acad. Sci. USA 85, 900-904, 1988.
6. Crews, F.T. et al., Drug Dev. Res. 14, 31-44, 1988.
7. Yarchoan, R. et al, Science 245, 412-415, 1989.
8. Sarin, P.S. et a1., Biochem. Pharmaco1. 34, 4075-4079, 1985.
9. Sandstrom, E.G. et a1., Lancet 1, 1480-1482, 1985.
10. Schafner, C.P. et a1., Biochem. Pharmaco1. 35, 4110-4113, 1986.
11. Sarin, P.S. et al., New Engl. J. Med. 313, 1289-1290, 1985.
12. Chandra, P. and Sarin, P.S., Arznei Forsch (Drug Res) 36, 184-186,

1986.
13. Chandra, A. et al., J. Nat1. Cancer Inst. 78, 663-666, 1987.
14. Sarin, P.S. et a1., J. Nat1. Cancer Inst. 78, 663-666, 1987.
15. Zamecnik, P.C. et a1., Proc. Nat1. Acad. Sci. USA
16. Goodchild, J. et al., Proc. Nat1. Acad. Sci. USA85, 5507-5511,

1988.
17. Agrawal, S. et a1., Proc. Nat1. Acad. Sci. USA 85, 7079-7083,

1988.
18. Sarin, P.S. et al., Proc. Nat1. Acad. Sci. USA 85, 7448-7451,

1988.
19. Letsinger, R. L. et a1., Proc. Nat1. Acad. Sci. USA 86, 6553-6556,

1989.
20. Agrawal, S. et a1., Proc. Natl. Acad. Sci. USA 86, 7790-7794,

1989.
21. Levine, A.M. et a1., Ann. Intern. Med. 105, 32-37, 1986.
22. Neto, C.C. et a1., Biochem. Biophys. Res. Commun. 171, 458-464,

1990.
23. Spectoe, S.A., Ripley, D., and Hsia, K., Antimicrob. Agents.

Chemotherapy 33, 920-923, 1989.
24. Eriksson, B.F.H., and Schinazi, R.F., Antimicrob. Agents,

Chemotherapy 33, 663-669, 1989.

128



25. Koshida, R. et a1., Antimicrob. Agents. Chemotherapy 33, 778-780,
1989.

26. Johnson, V.A. et a1., Antimicrob. Agents. Chemotherapy 33, 53-57,
1989.

27. Raetz, C.H.R. et a1., Science 196, 303-305, 1977.
28. Ryn, E.K. et a1., J. Med. Chern. 25, 1322-1329, 1982.
29. Hostetler, K.Y. et a1., J. BioI. Chern. 265, 6112-6117, 1990.
30. Sterin, J. M. et a1., Biochem. Biophys. Res. Commun. 171, 451-457,

1990.
31. Stephenson, M.L., and Zamecnik, P.C., Proc. Nat1. Acad. Sci. USA

75, 285-289, 1978.
32. Zamecnik, P.C., and Stephenson, M.L., Proc. Nat1. Acad. Sci. USA

75, 280-284, 1978.
33. Quartin, R.S., and Wetmur, J.G., Biochemistry 28, 1040-1044, 1989.
34. Ts'o, P.O.P., et a1., Annals of New York Academy of Sciences 507,

220-229, 1987.
35. Matsukura, M. et a1., Proc. Nat1. Acad. Sci. USA 84, 7706-7710,

1987.
36. Zamecnik, P.C. Agrawal, S., Eds., Annual Review of AIDS Research,

New York, Marcel Dekker Press, In press.
37. Agrawal, S., and Sarin, P.S., Eds., Advanced Drug Delivery Rev.,

Amsterdam, Elsevier, In press.
38. Agris, C.H. et a1., Biochemistry 25, 2628-2632, 1986.
39. Lemaitre, M., Bayard, B., and LeBleu, B., Proc. Nat1. Acad. Sci.

USA 84, 648-653, 1987.
40. Miller, P.S., and Ts'o, P.O.P., Anti-Cancer Drug Design 2, 117­

129, 1987.
41. Kabanov, A.V. et a1., FEBS Lett 259, 327-331, 1990.
42. Leiter, J.M.E. et a1., Proc. Nat1. Acad. Sci. USA.87, 3430-3434,

1990.
43. Gewirtz, A.M., and Calabretta, B., Science 242, 1303-1306, 1988.
44. Heikkila, R. et a1., Nature (London) 328, 445-447, 1987.
45. Blake, K.R., Murakani, A. and Miller, P.S., Biochemistry 24, 6132-

6137, 1990.
46. Miroshniechenko, N.A. et a1., FEBS Lett 234, 65-68, 1988.
47. Kawasaki, E.S., Nucleic Acids Res. 13,4991-4997, 1985.
48. Cheon, C.I., Delaney, A.J. Verma, D.P.S., Plant. Sci. 66, 231-238,

1990.
49. Hiatt, W.R., Kramer, M. and Sheehy, R.E., Genet. Eng. 11, 49-63,

1989.
50. Hare1-Be11an, A. et a1., Colloq. Inserm. 81, 1989.
51. Traunecker, A., Luke, W., and Kaja1ainen, K., Nature 331, 84-86,

1988.
52. Capon, J.D. et a1., Nature 337, 525-531, 1989.
53. Motran, P. et a1., Life Sci. 47, 993-999, 1990.
54. Mohan, P. et a1." AIDS 4, 821-822, 1990.

129



ASPIRIN AS A BIOLOGICAL RESPONSE MODIFIER

Judith Hsia and Ting Tang
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BACKGROUND

For some time our laboratory has been interested in the development
and control of cellular immunity, both by the thymosins and other
agents. Thymosins are a family of peptide hormones produced by the
thymus and thymus-derived tissues such as T lymphocytes, which modulate
differentiation of a variety of T cells providing us with immunity
against viruses, mycobacteria, fungi and tumors. About ten years ago,
while studying thymosins, Dr. Allan Goldstein's laboratory looked at
cyclooxygenase inhibitors, among other agents, to determine whether they
might influence or inhibit thymic peptides. These studies demonstrated
that acetyl salicylic acid (aspirin) could enhance immune responses and
synergize with thymosins.

The eicosanoids have been demonstrated to play an important regula­
tory role in lymphocyte function. Prostaglandins of the E series exert
inhibitory control over immune function1 •2 ,3; these prostaglandins are
synthesized and secreted by macrophages and other adherent cells3 •
Aspirin, by inhibiting cyclooxygenase activi ty4, reduces prostaglandin
production and is thought to permit immune activation. This observation
is of clinical interest in that it has been suggested that other cells
such as cancer cells, which produce significant quantities of prosta­
glandins, might be deleterious to the host by secreting prostaglandins,
the end effect of would be down regulation of the very immune system
with which the body tries to fight these cancer cells.

Initial studies conducted in our laboratory focused on aspirin's
effects on cytokine production in vitro.

IN VITRO STUDIES

We have previously reported stimulation by aspirin of interleukin-2
production by mitogen-stimulated peripheral blood mononuclear cells
(PBMC)5. Subsequently these studies were extended by evaluating the
effect of aspirin on interferon-1 production by human PBMC in vitro.
For these experiments, PBMC were isolated from heparinized blood samples
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Table 1. Samples of PBMG were incubated with phytohemagglutinin
and serum as described in the absence or presence of
aspirin at the indicated concentrations. After 72
hours, interferon-l content of the supernatants was
determined by radioimmunoassay.

Aspirin-Stimulated Production of Interferon-l by PBMC

Aspirin, ~M Interferon-l, U/ml
0 97 ± 6

150 166 ± 23
300 217 ± 22
600 258 ± 10

obtained from normal volunteers who had abstained from asp~r~n

consumption for at least two weeks. Blood samples were diluted with Hanks
Balanced Salt Solution, layered on a cushion of lymphocyte separation
medium (Litton Bionetics), centrifuged ( 600 x g, 30 min) and PBMC collect­
ed from the plasma-lymphocyte separation medium interface. PBMG are a
mixed population of cells including lymphocytes and monocytes.

For interferon assays, PBMG were incubated in 96-well plates with
phytohemagglutinin, 1 ~g/ml, and 1% human AB serum in the absence or
presence of aspirin for 72 hours. Supernatants were frozen and thawed, and
interferon-l content determined by solid phase radioimmunoassay (Centacor).
As shown in Table I, interferon-l production was doubled in the presence of
aspirin. Monocytes are thought to playa central role in regulating
production of cytokines, such as interleukin-2 and interferon-l, by
secreting interleukin-l and prostaglandins. To assess the role of mono­
cytes in aspirin-induced stimulation of cytokine release, interferon-l
production in the absence or presence of aspirin was assessed in PBMG
depleted of monocytes and in samples to which the monocytes had been
restored. It was apparent that monocytes were absolutely required for
interferon-l production, whether or not aspirin was included in the cul­
tures6 . Further, no effect of aspirin was demonstrable in the absence of
mitogen.

Following this in vitro evidence of aspirin's value as a biological
response modifier, we moved on to conduct in vivo dose ranging studies.

IN VIVO STUDIES

To evaluate aspirin's efficacy in humans, a series of dose ranging and
time course studies were conducted. In the current model of immune
regulation, interferon-l production is induced by interleukin-2, so we
first looked at interleukin-2 production following aspirin ingestion. For
these studies volunteers who had abstained from aspirin and other non­
steroidal anti-inflammatory agents for 2 weeks took oral aspirin and had
blood samples drawn at various times thereafter. PBMC were isolated and
incubated with phytohemagglutinin and serum in the presence or absence of
aspirin for 24 hours. Interleukin-2 content of the supernatants was
determined in a bioassay using IL-2-dependent GT6 or GTLL cells6 .

Initially the time course of cytokine production following single dose
aspirin was assessed. Following 325 mg of aspirin, interleukin-2 produc­
tion was unchanged at 2, 4, and 8 hours. At 10 hours after ingestion,
however, interleukin-2 production was almost twice baseline. Levels fell to
normal during the subsequent 14 hours (Table 2).
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Table 2. Samples of PBMC were isolated from blood samples collected at
the indicated times after ingestion of 325 mg of aspirin. PBMC
were incubated with phytohemagglutinin and serum as described
for 24 hours (for interleukin-2) or 72 hours (for interferon-r)
and cytokine content of the supernatants determined.

Interleukin-2 and Interferon-r Production After Aspirin Ingestion

Time After Ingestion
(hours)

o
2
4
8
10
24
48
72

Interleukin-2
V/ml

100
120
82
94
206
62
ND
ND

Interferon-r
V/ml

183
148
170
164
ND
426
364
202

Interferon-r levels were similarly unchanged for the first 8 hours. At 24
hours after ingestion, however, production was approximately twice base­
line; interferon-r production reverted to normal over the next 48 hours.

To determine whether a sustained increase in interferon-r production
could be achieved by multiple dose aspirin, a volunteer received a 650mg
loading dose or aspirin, followed by 325 mg each day for 7 days. There was
an initial increase in phytohemagglutinin-stimulated interferon-r produc­
tion by PBMC collected 24 hours after the loading dose, but rapid tachyphy­
laxis was apparent thereafter, with interferon-r production unchanged from
baseline7 . It was subsequently determined that alternate day aspirin led
to a sustained increase in interleukin-2 and interferon-r production for at
least 6 days 7.

Two years ago we began to apply this new information about aspirin in
a clinical setting to determine whether 1) the irnrnunomodulatory effects
could be confirmed in a randomized, placebo-controlled trial of aspirin,
and 2) it was possible to intervene with aspirin to prevent the common
cold.

A PLACEBO-CONTROLLED TRIAL OF ASPIRIN

As part of a placebo-controlled trial of asp~r~n in experimental
rhinovirus infection, twenty normal volunteers were randomized to receive
aspirin, 325 mg every other day for three doses, or identical appearing
placebo. PBMC were isolated from blood samples collected before and 24
hours after aspirin ingestion (but before rhinovirus infection) and
phytohemagglutinin-stimulated interferon-r production determined. There
was a significant increase (p<.05) in both interleukin-2 and interferon-r
production among aspirin recipients; no such increase was apparent in
placebo recipients7 .

Subsequently, both groups were nasally inoculated with rhinovirus to
determine whether aspirin could prevent experimental rhinovirus infection.
There was no difference between the treatment groups when symptoms, days of
virus shedding in nasal secretions, or serologic evidence of infection were
evaluated. Thus, aspirin was not able to protect these individuals against
experimental rhinovirus colds. One possible explanation for this
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observation may be that the administration of a large number of Virions
directly into the nose may be an overwhelming challenge, not comparable
to infectious exposure in the community. No community trial has been
conducted, however, to evaluate aspirin's efficacy in a more typical
clinical setting.

Thus, although aspirin did not alter the incidence or clinical
course of experimental rhinovirus infection, production of interleukin-2
and interferon-1 by PBMC was stimulated by oral aspirin in this random­
ized trial. Our next step in seeking a clinical setting in which
aspirin's immunostimulatory activity would be efficacious was to evalu­
ate aspirin's effect on influenza vaccination .

...-/ Virus 1:}

Figure 1. Schematic of Immune Response to Virus. Viral
antigens and major histocompatibility complex,
class II antigens are presented jointly to
helper T lymphocytes (CD4-bearing cells) by
macrophages. The activated CD4+ cell secretes
interleukin-2 inducing a three-pronged immune
response: cytotoxic lymphocyte induction, B
lymphocyte activation and clonal expansion of
activated CD4+ cells.

ASPIRIN AS AN ADJUVANT TO INFLUENZA VACCINATION IN MICE

The objective of this study was to determine whether aspirin was an
effective adjuvant, increasing the immune response to influenza vaccina­
tion in mice8 . In deciding on endpoints to evaluate, we took into
account the considerable body of knowledge on immune responses to
viruses which has been established by a number of investigators. Viral
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antigen and major histocompatibility complex type II antigens are
jointly presented by the monocyte to a CD4-bearing lymphocyte, that is,
a helper cell (Figure 1). The lymphocyte is thereby activated and
secretes interleukin-2. Proliferation of CD4-bearing lymphocytes, B
lymphocytes and cytotoxic lymphocytes is then induced by the interleu­
kin-2.

On the basis of this model we chose to evaluate the following
immunologic endpoints: antigen-stimulated interleukin-2 production as a
marker of the first step of immune activation, and antigen-stimulated
blastogenesis as a measure of CD4 activity. Cytotoxicity, which is a
CD8 cell function, was not evaluated in this trial, but probably should
be in future studies. To determine the extent of immune protection
afforded by aspirin as an adjuvant during vaccination, a viral challenge
was conducted using mouse-adapted influenza virus of the same strain
from which the vaccine was derived.

Three hundred Balb/c mice were randomized into 6 treatment groups.
The randomization scheme is summarized in Table 3. Mice in groups 1,2,3
and 4 received initial aspirin/placebo injections on day 1. Mice in all
6 treatment groups were inoculated intramuscularly with real or sham
vaccine on day 2. Subsequent intraperitoneal aspirin/placebo injections
were administered as indicated in Table 3. On day 28, half the mice in
each treatment group received an intranasal challenge with mouse-adapted
influenza virus of the same strain used in the vaccine. Five days later
all mice were sacrificed (Figure 2).

Spleens were collected from uninfected mice. Spleen cells were
isolated, washed and rate frozen for subsequent use in interleukin-2 and
blastogenesis assays. Lungs from infected mice were crushed and ex­
tracted for determination of pulmonary virus content by hemagglutina­
tion.

For antigen-stimulated interleukin-2 studies, spleen cells were
incubated with various concentrations of influenza antigen, ranging from
4 to 34 ng/ml, in 5% fetal calf serum for 48 hours, then interleukin-2
content of the supernatants was determined by bioassay. Interleukin-2
production is generally induced to a much smaller extent by antigen than
by mitogen, and in fact, values for five of the six treatment groups
were below the usual limit of the assay, 25 V/ml. Interleukin-2 produc­
tion was, however, increased by aspirin treatment.

For antigen-stimulated blastogenesis assays, spleen cells were
incubated with various concentrations of influenza antigen ranging from
4 to 34 ng/ml, with 5% fetal calf serum for 5 days. Cells were pulsed

Table 3. Balb/c mice were randomized into six
treatment groups, which received either
sham vaccine or influenza vaccine on
day 2, and aspirin or placebo as indicated.

Mouse Influenza Trial: Treatment Groups

#1 - sham vaccine (day 2), placebo (days 1,2,3,5,7)
#2 - vaccine, placebo (days 1,2,3,5,7)
#3 - vaccine, aspirin 4.7mg/kg (days 1,2,3,5,7)
#4 - vaccine, aspirin 2.5mg/kg (days 1,2,3,5,7)
#5 - vaccine, aspirin 4.7mg/kg (days 5,6,7,9,11)
#6 - vaccine, aspirin 2.5mg/kg (days 5,6,7,9,11)
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Figure 2. Protocol for Mouse Influenza Vaccination Study.
Mice received intraperitoneal aspirin or placebo on day 1 or
as indicated in Table 3, then sham vaccine or influenza
vaccine on day 2. Half the mice in each group underwent
viral challenge on day 28 and all mice were sacrificed on
day 32.

with 3H-thymidine for 16 hours, then harvested onto glass fiber filters
using a multiple automated sample harvester. Thymidine incorporation
was determined by radioassay. Specific thymidine incorporation, defined
as cpm in samples containing antigen minus cpm in samples containing
medium alone, was determined for each mouse.

The mice not receiving vaccine, group I, did not recognize the
influenza antigen and had essentially no blastogenic response. In
contrast, Group 2, the mice receiving real vaccine but no aspirin, had
significantly greater antigen-stimulated thymidine incorporation. Mice
in Groups 3 and 4, the mice receiving early aspirin, had greater blasto­
genic responses than group 2. The late aspirin regimens, in groups 5
and 6, seemed less effective.

Following viral challenge, hemagglutination titers of pulmonary
extracts were determined as a measure of virus replication in the lungs.
Pulmonary extracts were serially diluted and incubated with rooster
erythrocytes at room temperature. Hemagglutination titer was the
greatest dilution at which hemagglutination was detected. More mice
were protected against infection, that has had absent titers, in treat­
ment group 3, the early, higher dose aspirin recipients, than in group 2
(5 mice vs. 1 mouse), however, the difference was not statistically
significant.

We concluded from this trial that asp~r~n appeared to increase
cellular immune responses to the vaccine in mice. A clinical trial will
be necessary to confirm aspirin's efficacy as a vaccine adjuvant in
humans.

FUTURE APPLICATIONS

Many other avenues for future research remain:

1- Does asp~r~n augment immune function in the elderly and in other
immunosuppressed populations?

There is no question that aspirin is an effective immune modula­
tor, at least in young healthy adults, but how effective is it in
elderly populations whose immune systems are suppressed? A clini­
cal trial is planned to evaluate aspirin's effectiveness as an
adjuvant to influenza vaccination in the elderly, a group which
develops mediocre levels of protection following vaccination
because of the immunosuppression of aging.
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2- Can asp1r1n speed recovery from immunosuppressive treatment for
cancer or inflammatory illnesses?

One of the side effects of conventional anti-tumor treatment,
whether chemotherapy, radiation or surgery, is suppression of host
immunity. A great potential value of biological response modifi­
ers such as aspirin, may be to restore some of that systemic host
immunity, particularly if given in combination with conventional
anti-tumor treatment.

3- Will aspirin have a future role as an adjuvant to conventional
anti-tumor treatment?

Recent evidence suggests that combination treatment of chronic
active hepatitis with interferon and thymosin al is more effective
than interferon alone. The low toxicity of biological response
modifiers such as thymosin and aspirin increases the feasibility
of jointly administering these agents with more toxic conventional
chemo- or immuno-therapeutic agents.

Aspirin, a relatively inexpensive, widely available and comparatively
safe drug, appears to have potential as a biological response modifier
in man. Future studies, both in animals and in well-controlled clinical
studies, will' demonstrate whether or not the modulation of cytokine
responses can be translated into clinical efficacy, particularly in
populations characterized by immune imbalance or suppression.
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BIOLOGICAL THERAPIES IN GERIATRIC POPULATIONS
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INTRODUCTION

There is an age-associated decline in immune capacity
that involves primarily thymus-related (T cell) functions,
including the production of certain T cell-produced
lymphokines such as gamma interferon and interleukin-2 (IL­
2). The reduction of these factors may relate to an age­
associated mild to moderate clinical immune deficiency.
Although this immune deficiency has been well characterized
(as below), the clinical consequences have not been
established. Nonetheless, it is commonly believed that the
increased prevalence and severity of infections in older
people relates to this decline in immune function.
Furthermore, the incidence and severity of neoplastic disease
may similarly be related.

Efforts to reconstitute age-associated immune deficiency
have been clinically tested, particularly in association with
vaccine trials. Furthermore, elderly cancer patients have
received various immune modulating therapies, such as
interferon, thymosin and interleukin-2 and their effects have
not been completely assessed, especially with reference to
patient age.

In this manuscript we shall review our experience with
certain immune modulating therapies in older hosts. We have
examined the effects of Thymosin Alpha I (TAl) in conjunction
with tetanus toxoid and influenza hemagglutinin vaccines in
experimental animals and in clinical trials. We have also
explored the influence of age upon the efficacy of exogenous
interleukin-2 (IL-2) in a murine fibrosarcoma model. Our
results indicate that these therapies can be administered
safely in older hosts, and that beneficial response can be
expected.
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IMMUNESENESCENCE

In all mammalian species studied to date, there is an
age-related decline in immune function which begins before
sexual maturation and develops progressively thereafter.
Extensive reports have described a wide variety of age­
related abnormalities and these have been nicely reviewed by
Thoman and Weigle (1989). It is generally believed that age­
related immune deficiency develops coincident with the
gradual involution of the thymus gland and thymic-related (or
T-cell) functions are most profoundly affected (Price and
Makinodan, 1972; Stutman, 1974; Weksler et al., 1976).
Humoral immunity is less affected, but age-associated
alterations have been reported (Serge and Serge, 1976;
Callard and Basten, 1977). Although less well studied,
changes in monocyte/macrophage function have been observed
with age but these are less in magnitude than those described
for T-cell function (Antonaci et al., 1984; Rabatic et al.,
1988). Age-related change in the production of cytokines
have been reported, most notably for interleukin-2 (IL-2)
(Thoman and Weigle, 1981; ibid., 1982; Gillis et al., 1981;
Chang et al., 1983; Ershler et al., 1986a), but also for
others, including the monokines IL-1 (Inamizu et a~., 1985;
Bruley-Rosset and Vergnon, 1984) and tumor necrosis factor
(Bradley et al., 1989). The defect in IL-2 production
appears at the level of gene expression, as reduced levels of
IL-2 mRNA are observed in mitogen-stimulated lymphocytes from
old individuals (Fong and Makinodan, 1989; Wu et al., 1986).

THYMOSIN AND AGING

There have been a number of peptides originally derived
from thymic tissue that have been collectively termed
Thymosins. One such peptide, Thymosin Alpha 1 (TAl) has been
a focus of research in our laboratory for several years.
This 28 amino acid peptide was initially purified from a calf
thymus preparation (Thymosin Fraction 5) (Low and Goldstein,
1979) and was demonstrated to have both in vitro and in vivo
immunomodulatory activity (Goldstein, 1983). The peptide was
shown to be present in thymic epithelial cells and its role
in intra-thymic lymphocyte maturation has been proposed (Low
and Goldstein., 1984). with the well characterized age­
associated decline in thymic tissue mass, it was proposed
that TAl level and function decline with age (Ershler,
1984a). Accordingly, we and others have investigated the
role of TAl in enhancing certain immune functions in elderly
people (as mentioned below) .

However, recently, work from Horecker and colleagues has
demonstrated that TAl is actually the N-terminal sequence of
a much larger protein (termed Prothymosin) (Panneerselvam et
al., 1988; Frangou-Lazaridis et al., 1988). What this group
has demonstrated is that the larger molecule is widely found
throughout many tissues and that it appears to be an
important regulator of cellular proliferation. The mechanism
of cleavage of TAl and its secretion have not been
established.

Despite the uncertainty about the physiologic role of
this peptide the rationale for its use to reconstitute
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certain specific age-reduced responses was strengthened by
the observation that in vitro specific antibody synthesis was
enhanced in a dose-response fashion by incubation with thymic
peptides (Ershler et al., 1984b; ibid 1984c). Furthermore,
young and old mice treated with TAl immediately after
inoculation with tetanus toxoid produced greater levels of
specific antitetanus antibody than vaccinated mice without
the TAl (Ershler et al., 1985). In subhuman primates we
found that TAl could be safely administered and that certain
measures of immune competence could be influenced (Ershler et
al., 1988).

As mentioned above, certain infections are more
prevalent and severe in geriatric populations. The most
prominent of these is influenza. A vaccine comprised of
purified viral hemagglutinin is available and its
administration is recommended for people over 65 years of age
(Centers for Disease Control, 1986). However, antibody
response to the vaccine has been demonstrably low in a large
per centage of this population, particularly the frail
elderly, those with underlying medical illnesses and those
residing in nursing homes (Ershler et al., 1984c; Gravenstein
et al., 1990). Influenza in these patients can be life
threatening. We chose, therefore, to determine if a short
course of TAl could enhance vaccine response in frail nursing
home patients.

From the three clinical trials that we have conducted we
now confidently conclude:

1) Thymic hormone can be administered safely in elderly
people, including those that are frail, and institutionalized
(Gravenstein et al., 1989);

2) Treated volunteers (900 milligrams per meter squared
subcutaneously twice weekly for four weeks), especially those
older than 80 years, had high specific influenza antibody as
measured by ELISA, hemagglutination inhibition and serum
neutralization activity (Gravenstein et al., 1989);

3) Treated volunteers had less laboratory confirmed
influenza, and those that did get influenza had less
respiratory symptoms when compared to placebo-treated
controls (Gravenstein et al., manuscript in preparation).

It is apparent, therefore, that TAl maybe useful as an
adjunct to influenza vaccine for elderly patients and current
research strategies are to determine the minimal effective
dose, route of administration, and schedule.

BIOLOGICAL THERAPIES IN EXPERIMENTAL CANCER/AGING MODELS

Interleukin-2 (IL-2) also declines with age. This
lymphokine, under active clinical investigation as a cancer
treatment, has been administered alone, with autologous
lymphocytes, or with lymphocytes that had been co-incubated
with tumor and/or IL-2. These latter therapies have proven
to be successful especially for patients with malignant
melanoma and renal cell cancer (Rosenberg et al., 1987). In
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light of the encountered toxicities, especially the capillary
leak syndrome (which has clinically resulted in pulmonary
edema), there has been some reluctance to treat older
patients with this agent, and no systematic evaluation of IL­
2 use in the elderly has been reported. In addressing this
question in a murine fibrosarcoma model involving young and
old mice, we found that lymphokine activated killer (LAK)
cell generation and antitumor response were equivalent with
regard to age. Furthermore,there was no evidence for
increased toxicity in the old mice.

Splenocytes from old mice were less effective at killing
YAC cells (commonly-used natural killer cell targets) than
young. However when freshly prepared fibrosarcoma cells
(MV2) were used as targets, there was no age difference
(figure 1). For this assay freshly-prepared MV2 cells were
labeled with 51-chromium and served as targets. Freshly­
prepared splenocytes were cultured for three days in the
presence of IL-2 (500 units/ml) and were then cocultured with
the radiolabelled tumor cell targets.
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Figure 1. LAK activity in young and old mice. Splenocytes from
individual mice were cultured at 1-2 x10 6/ml with 500 V Iml of IL-2 for
3 days and cytotoxicity was determined with MV2 cells as the target.
(Adapted from Ho et al., 1990, with permission).

(A). Open diamonds: Control young mouse splenocytes; Open squares:
Control old mouse splenocytes; Closed diamonds: IL-2-stimulated
young mouse splenocytes; Closed squares: IL-2-stimulated old mouse
splenocytes.

(B). Activity expressed in lytic unit (LV) at 20% lysis per 10
million cells as described by Pross et al. (1981). Mean activity
is depicted by the horizontal bar.
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Figure 2. Survival curve of mice inoculated with 10 3 Mv2 cells
intraperitoneally on day 0, and treated with 5x10 4 U of IL-2 i.p.
bid, for 5 days treatment cycles. Ten mice were used in each
group. Closed square, control; Open square, IL-2 treated.
(Adapted from Ho et al., 1990 with permission).

(A). Young mice treated with 2 cycles, separated by two
days.

(B). Young mice treated with 4 cycles, each cycle separated
by two days.

(C). Old mice treated with 4 cycles each cycle separated by
two days.
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In vivo IL-2 Effects. Preliminary experiments had indicated
that an i.p. inoculation of 10

3
MV2 cells would result in

lethal tumor in 90% of young (3 months) C57BL/6 mice. When
inoculated with tumor cells under identical conditions, old
mice developed a lethal tumor at a greater incidence than
young, and survival was greater for young tumor bearing
animals, a finding typical for antigenic murine tumors (Flood
et al., 1982; Urban et al., 1982; Urban and Schrieber, 1984;
Ershler et al., 1986b). For the IL-2 experiments, tumor
cells were injected (day 0) and IL-2 was administered i.p.
beginning on the following day (day 1). As seen in figure 2,
the survival of young mice that had received either two or
four cycles of IL-2 (5x10 4 units bid) was greater than saline
injected controls. Old mice (23-24 months) that had received
four cycles of IL-2 were also shown to have increased
survival when compared to age-matched, saline-treated
controls. The increase in median survival produced by IL-2
was comparable in young and old animals.

CONCLUSIONS

There may prove to be a distinct rationale for the use
of certain biologic such as TAl for specific immune
enhancement in elderly people. Indeed, influenza vaccine
responses have been demonstrably improved, and this
improvement has resulted in less frequent and less severe
influenza. In the clinical trials utilizing biologic
therapies for cancer patients, the results to date have not
indicated increased toxicity or less efficacy in older
patients. However, a note of caution is indicated with
regard to the latter statement. Patients who are enrolled in
clinical trials are generally highly selected and of good
performance status. Until critical evaluation of these
biologic approaches with regard to patient age are reported,
older patients receiving such therapy should be subjected to
special surveillance.

REFERENCES

Antonaci S., Jirillo E., Ventura M.T., Garofolo A.R., and
Bonomo L., 1984, Non-specific immunity in aging:
Deficiency of monocyte and polymorphonuclear cell­
mediated functions, Mechanisms of Ageing and
Deyelopment, 24:367.

Bradley, S.F., Vibhagool, A., Kunkel, S.L., and Kauffman,
C.A., 1989, Monokine secretion in aging and protein
malnutrition, J. Leukocyte Biology, 45:510.

Bruley-Rosset, M.and Vergnon, I., 1984, Interleukin-1
synthesis and activity in aged mice. Mechanisms of
Ageing and Development, 24:247.

Callard, R.E.and Basten, A., 1977,
mice. II. B-cell function,

Immune function in aged
Cellular Immunol.,31:26.

Centers for Disease Control, Department of Health and Human
Services, 1986, Recommendation for prevention and

144



control of influenza: Recommendation of the
Immunizations Practices Advisory Committee. ~
Internal Med., 105:399.

Chang, M.P., Makinodan, T., Peterson, W.J. and, Strehler,
B.L., 1983, Role of T-cells and adherent cells in age­
related decline in murine interleukin-2 production, ~
Immunol., 129: 2426.

Ershler, W.B., 1984a, Augmentation of antibody synthesis in
vitro by Thymosin Fraction 5: The influence of age, in:
Thymic Hormones and Lymphokines: Basic Chemistry and
Clinical Applications (A.L. Goldstein, ed.), pp. 297-306,
Plenum Press, New York.

Ershler, W.B., Moore, A.L., Hacker, M.P., Ninomiya, J.,
Naylor, P.B., Goldstein, A.L., 1984b, Specific antibody
synthesis in vitro. II. Age associated thymosin
enhancement of antitetanus antibody synthesis.
Immunopharmacol., 8:69.

Ershler, W.B., Moore, A.L., Socinski, M.A., 1984c, Influenza
and aging: Age related changes and the effects of
thymosin on the antibody response to influenza vaccine.
J. Clin. Immunol., 4:445.

Ershler, W.B., Hebert, J.C., Blow, A.J., Granter, S.R.,
Lynch, J, 1985,. Effect of thymosin alpha one on
specific antibody response and susceptibility to
infection in young and aged mice, International J.
Immunopharmacol., 7:465.

Ershler, W.B., Moore, A.L., Roessner, K., and Ranges, G.E.,
1986a, Interleukin-2 and aging: Decreased IL-2
production in healthy older people does not correlate
with reduced helper cell numbers or antibody response to
influenza vaccine and is not corrected in vitro by
Thymosin Alpha One, Immunopharmacol., 10:11.

Ershler, W. B., 1986b, Why tumors grow more slowly in older
people, J. Natl. Cancer Tnst., 77: 837.

Ershler, W.B., Coe, C.L., Laughlin, N., Klopp, R.G.,
Gravenstein, S., Schultz, K.T., Roecker, E, 1988, Aging
and immunity in nonhuman primates: II. Lymphocyte
response in Thymosin treated middle aged monkeys, ~
Gerontol., 43:B142.

Flood, P.M., Urban, J.L., and Kripke, M.L., and Schreiber,
H., 1980, Loss of tumor-specific and idiotype-specific
immunity with age, J. Exp. Med., 154:275.

Fong, T.C., and Makinodan T., 1989, In situ hybridization
analysis of the age-associated decline in IL-2 messenger
RNA expressing murine T-cells, Cellular Immunology,
118:199.

Frangou-Lazaridis, M., Clinton, M., Goodall, G.J., Horecker,

145



B.L., 1988, Prothymosin alpha and parathymosin: Amino
acid sequences deduced from the cloned rat spleen cDNAs,
Arch. Biochem. Biophys.,263:305.

Gillis, S., Kozak, R., Durante, M., and Weksler, M.E., 1981
Immunologic studies of aging: Decreased production and
response to T-cell growth factor by lymphocytes from aged
humans, J. Clin. Invest., 67:942.

Goldstein, A. L., Low, T.L.K., Zatz, M.M, Hall, N.R., and
Naylor, P.H., 1983, Thymosins. Clinics in Immunology and
Allergy, 3: 119 .

Gravenstein, S., Miller, B.A., Duthie, E., Drinka, P.,
Prathipati, K., and Ershler, W.B., 1989, Augmentation of
influenza antibody response in elderly men by Thymosin
alpha one: A double-blind placebo-controlled trial. ~

Am. Geriatr. Soc., 37:1.

Gravenstein, S., Drinka, P.J., Duthie, E.H., Miller, B.A.,
Langer, E., Bliefuss, G., Holdridge, N., Beck, C.,
Jacobs, ~., Tomczak, J., Boettcher, C., Brown, C.S.,
Hensley, M., Circo, R., and Ershler, W.B., 1990, Risks
for influenza and respiratory illness in vaccinated
elderly. Aging: Immunology and Infectious Diseases,
2:185.

Ho, S.-P., Kramer, K.E., Ershler, W.B., 1990, Effect of host
age upon interleukin-2-mediated antitumor responses in a
murine fibrosarcoma model. Cancer Immunol. Immunother.,
31:146.

Inamizu, T., Chang, M.P., and Makinodan, T., 1985, Influence
of age on the production and regulation of interleukin-1
in mice, Immunology, 55:447.

Low, T.L.K., and Goldstein, A.L., 1979, The chemistry and
biology of thymosin. II. Amino acid sequence analysis of
thymosin a1 and ploypeptide ~1, J.Biol.Chem., 254:981.

Low, T.L.K., and Goldstein, A.L., 1984, Thymosins: _
Isolation, structural studies, and biological activities,
in: Thymic Hormones and Lymphokines: Basic Chemistry
and Clinical Applications (A.L. Goldstein, ed.), pp. 21­
35, Plenum Press, New York.

Panneerselvam, C., Wellner, D., Horecker, B.L., The amino
acid sequence of bovine thymus prothymosin alpha. ~
Biochem. Biophys , 265:454.

Price, G.B.and Makinodan, T., 1972, Immunologic deficiencies
in senescence. I. Characterization of intrinsic
deficiencies, J. Immunol.,108:403.

Pross, H. F., Baines, M. G., Rubin, P., Shragge, P., and
Patterson, M. S., 1981, Spontaneous human lymphocyte­
mediated cytotoxicity against tumor target cells. IX:
The quantitation of natural killer cell activity. ~
Clin. Immunol , 1:51.

146



Rabatic, S., Sabioncello, A., Dekaris, D., and Kardum, I.,
1988, Age-related changes in functions of peripheral
blood phagocytes, Mechanisms of Ageing and Deyelopment,
45:223.

Rosenberg, S.A., Lotz, M.T., and Muul, L.M., 1987, A
progress report on the treatment of 157 patients with
advanced cancer using lymphokine-activated killer cells
and interleukin-2 or high-dose interleukin-2 alone. ~
Engl. J. Med., 316:889.

Serge, M. and Serge, D., 1976, Humoral immunity in aged mice.
I. Age-related decline in the secondary responses to DNP
of spleen cells propagated in diffusion chambers, ~
Immunol., 116:731.

Stutman, 0., 1974, Cell-mediated immunity and aging, ~
~, 33:2028.

Thoman, M.and Weigle, W.O., 1982, Cell mediated immunity in
aged mice: An underlying lesion in IL-2 synthesis, ~
Immunol.,128:2358.

Thoman, M.and Weigle, W.O., 1981, Lymphokines and aging:
Interleukin-2 production and activity in aged animals, ~
Immunol., 127:2102.

Thoman, M.L. and Weigle, W.O., 1989, The cellular and
subcellular bases of Immunosenescence, Adyances in
Immunology, 46:221.

Urban, J.L., Burton, R.C., Holland, J.M., Kripke M.L., and
Schreiber H., 1982, Mechanisms of syngeneic tumor
rejection: susceptibility of host selected progressor
variants to various immunologic effector cells, J. Exp.
Med.,155:557.

Urban, J.L., Schreiber, H., 1984, Rescue of the tumor­
specific immune response of aged mice in vitro, ~
Immuno1 , 133: 527.

Weksler, M.E., Innes, J.B., and Goldstein, G., 1976,
Immunological studies of aging IV. The contribution of
thymic involution to the immune deficiencies of aging
mice, and reversal with thymopoietin, J. Exp. Med.,
148:996.

Wu, W., Pahlavani, M., Cheung, H.T., and Richardson, A.,
1986, The effect of aging on the expression of
Interleukin-2 messenger ribonucleic acid, Cellular
Immunology, 100:224.

147



THYMOSIN: AN INNOVATIVE APPROACH TO THE TREATMENT OF

CHRONIC HEPATITIS B

Milton G. Mutchnick,l Glen D. Cummings,l
Jay H. Hoofnagle2 and David A. Shafritz3

1Department of Medicine, Wayne State University School
of Medicine, Detroit, MI 48201; 2Liver Disease Section,
Digestive Diseases Branch, National Institute of
Diabetes and Digestive and Kidney Diseases~ National
Institutes of Health, Bethesda, MD 20892; Liver
Research Center, Albert Einstein College of Medicine,
New York, NY 10461

INTRODUCTION

Chronic hepatitis B virus infection is a common disease afflicting
300 million people worldwide, including approximately one million
Americans who are carriers of the hepatitis B surface antigen (HBsAg).
Many such carriers have concomitant chronic liver disease and are at
risk for developing cirrhosis, liver failure and hepatocellular
carcinoma (1, 2). Impaired effectiveness of the host cellular immune
mechanisms in clearing hepatitis B virus (HBV) infected hepatocytes has
been proposed to explain development of chronic HBV infection (3, 4).

Recent therapeutic trials in patients with chronic hepatitis B
(CH-B) have been directed towards utilization of antiviral agents,
immunomodulators, immunosuppressives or combinations thereof (Reviewed
in 3, 5-8). At present, a-interferon (IFN-a) is the most extensively
evaluated therapeutic agent for HBV (9-11). However, in these studies
a response to IFN-a was induced in less than 50% of patients with CH-B
and was associated with significant side effects that sometimes led to
early cessation of therapy (9-12).

Another class of immune modifiers, thymosin fraction 5 (TF5) and
thymosin a1 (Tal)' has been shown to trigger maturational events in
lymphocytes, to augment T cell function and to promote reconstitution
of immune defects (13). These thymosins may, thus provide an alternate
approach to the treatment of chronic HBV infection.

TF5, originally described by Goldstein et al (14), is a partially
purified extract of bovine thymus containing at least 40 peptide
components, 20 of which have been purified to homogeneity or near
homogeneity (13). Tal' initially isolated from TF5, has been sequenced
and chemically synthesized (15). Tal is an acidic peptide 3108 m.w.
that has shown activity similar to TF5 in modulating the maturation of
T cells (16). TF5 and Tal can influence immunoregulatory T cell
function, promote IFN-a, IFN-Y and IL2 production by normal human
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lymphocytes and increase lymphocyte IL2 receptor expression (17-23).

Clinical trials of Tal as primary or adjunctive therapy indicate
that it enhances immune responsiveness and augments specific lymphocyte
function in patients with immunodeficiency or cancer (24).
Furthermore, Tal appears to reconstitute immune defects rather than
nonspecifically augmenting relatively normal immune parameters to
higher levels.

We have previously reported that TF5 decreases spontaneous cell
mediated lysis of hepatocytes, using peripheral blood mononuclear cells
(PBM) from patients with CH-B. No effect on cytotoxicity was seen with
TF5 treated PBM obtained from healthy volunteers (25). Additional
studies showed that TF5 increased Con A induced suppressor cell
function in PBM from patients with CH-B (26). Tal has also been shown
to enhance in vivo production of anti-HBs following Heptavax-B
vaccination in previously non-responsive hemodialysis patients (27).

Previously, we reported on the initial results of a randomized,
double-blind and placebo-controlled Phase II study designed to assess
the efficacy and safety of a single dose concentration of TF5 and Tal
in the treatment of CH-B (28). We describe here the results of the
completed Phase II study which utilized two doses of TF5 and Tal in the
treatment of CH-B.

PATIENTS AND METHODS

Study Population

Patients between the ages of 18 and 70 years with CH-B were
included based on the following criteria: Presence of hepatitis B
surface antigen (HBsAg) and elevated serum alanine aminotransferase
(ALT) levels for at least 6 months; positive serum test for hepatitis B
virus DNA (HBV DNA); histologic confirmation of chronic hepatitis (29)
within 3 months of randomization and evidence of mild or moderately
decompensated liver disease (prolongation of prothrombin time less than
4 seconds over control values, serum albumin ~ 3 gm/dl, and serum total
bilirubin ~ 4 mg/dl). Additional requirements included a hemoglobin ~

10 gm, a platelet count ~ 70,000/mm3, a white cell count (WBC) ~
30DD/mm3, a polymorphonuclear count (PMN) ~ ISDD/mm3 and serum
creatinine ~ 1.4 mg/dl. Patients with a history of hepatic
encephalopathy, bleeding esophageal or gastric varices, previous
antiviral or immunosuppressive therapy were excluded. Additional
causes for exclusion included a history of intravenous drug abuse,
presence of hepatitis D antibody, malignancy, pregnancy, homosexuality
and a positive test for antibody to human immunodeficiency virus.
Women agreed to practice birth control for the duration of the study (1
year) and to avoid use of contraceptive medications.

Study Protocol

In this 3 arm study, the first 12 patients (Group I) were randomly
assigned by a computer generated program to receive TF5 (90 mg/M2 body
surface area), Tal (900 ~g/M2) or placebo (1.4% sodium bicarbonate) by
subcutaneous injection twice weekly for 6 months. The remaining 8
patients (Group II) were randomized to receive higher dosages of TFS
(1200 mg/M2), Tal (1200 ~g/M2)or placebo. TF5, synthetic Tal and
placebo were supplied by Alpha 1 Biomedicals, Inc., Foster City, CA.
Patients were instructed on self administration of the TF5, Tal or
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placebo injections. Compliance was monitored weekly by nurse
clinicians who maintained a record of the injection schedule.

Side effects were specifically sought from all patients by the
nurse clinicians who, in turn, transmitted the information to a
physician monitor not directly involved in the clinical trial. If
patients experienced local discomfort at the injection site, the
monitor would make the determination to continue treatment or, if the
patient was receiving TFS, to change the treatment to Tal' The
clinicians remained blinded to problems associated with the injections
and any change in treatment. Patients were seen at 2 week intervals
for 6 months and then monthly for an additional 6 months. Clinical and
laboratory assessments were obtained at each visit and included serum
analysis for HBsAg, antibody to HBsAg (anti-HB~), hepatitis B e antigen
and antibody (HBeAg and anti-HB , respectively), HBV DNA, ALT,
aspartate aminotransferase (AST}, total bilirubin, alkaline
phosphatase, blood urea nitrogen (BUN), creatinine, cholesterol, uric
acid and total protein. Monthly determinations of serum albumin,
prothrombin time, hemoglobin, WBC, PMN, lymphocytes and platelet counts
and urine analyses were made.

Immunological analyses were conducted prior to treatment and
monthly thereafter for the study period (1 year). Analysis of
peripheral blood lymphocytes included absolute numbers for CD3, CD4,
CD8, CD11 and NK subsets by indirect immunofluorescence staining using
a modification ,of a previously described method (30) and PBM production
of IFN-Y using solid-phase radioimmunoassay (IMRX Interferon-Y RIA,
Centocor Inc., Malvern, PA; 30). Blood samples obtained from healthy
adult volunteers were included for each of the above assays and
constituted a panel of normal values used in statistical analyses.
Percutaneous liver biopsy was repeated in all Group I patients at 1
year and in most at 6 months. Only 4 of 8 patients in Group II had
repeat liver biopsy at 1 year. A positive response to treatment was
defined as loss of serum HBV DNA, HBeAg (if present initially), and
normalization or near normalization of ALT and AST levels at 1 year.
When possible, portions of liver biopsy tissue were frozen in liquid
nitrogen and analyzed by hybridization for the presence of HBV DNA
molecular forms, as previously reported (31).

Statistics

Group means were compared by Student's 2-tailed t test. Changes
in the measurements between the inclusion values and subsequent time
points were compared by Student's 2-tailed paired t test.

RESULTS

Twenty patients (Group 1=12, Group 11=8) were assessed in this
study. The number of patients entered into each arm for the two doses
of TFS and Tal and placebo are shown in Table 1.

Group I results have been reported elsewhere (28) and we present
the combined findings of Group I and II here. The biological effects
of TFS and Tal are similar (24). Since analysis of the pretreatment
characteristics and response to treatment were similar for the TFS and
Tal treatment arms using both dosages, all patients given thymosin were
combined. The final study groups consisted of 12 patients receiving
TFS, Tal or TFS/Ta1 (thymosin group) and 8 patients given placebo.
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Table 1. Treatment Groups

Treatment Number

Group I
T~ 2
Tal 3
TF5/Tala 2
Placebo 5

Group II
TF5 1
Tal 2
TF5/Tala 2
Placebo 3

a Patients were first treated with TF5 for 1 or
2 weeks, followed by Tal for 24 or 25 weeks.

At inclusion, the thymosin and placebo groups were comparable with
respect to sex, age, biochemical and serological parameters (Table 2).

None of the patients tested positive for antibody to hepatitis
delta virus and only one patient, who responded to Tal' was positive
for antibody to hepatitis C virus. Clearance rates for HBV DNA, HBeAg
and HBsAg at completion of the trial (12 months) are shown in Table 3
and indicate a significantly higher HBV DNA clearance rate in the
thymosin group as compared to the placebo group. Serum HBV DNA levels
decreased in all 9 patients responding to thymosin during the 6 month
treatment period. Serum HBV DNA disappeared in 6 patients during
treatment and in the remaining 3 patients at 2, 5 and 6 months,
respectively, after completing treatment.

Table 2. Characteristics of Study Groups at Inclusion

Characteristic Thymosin Group Placebo

Number
Male:Female
Age
Duration of HBsAg (yr)
ALT (IU/L)
AST (IU/L)
Bilirubin (mg/dl)
Albumin (g/dl)
Prothrombin time (sec)
HBV DNA (0-5+)

12
10:2
48 (26-67)
3.5 (0.8-13.0)
203 ± 124a
151 ± 118
0.8 ± 0.2
4.0 ± 0.5
12.9 ± 0.7
2.3 (0.5-4.5)

8
6:2
49 (23-64)
1.8 (0.6-6.0)
148 ± 83
198 ± 98
1.2 ± 1.0
3.5 ± 0.4
13.1 ± 1.3
2.9 (0.5-10.0)

Normal values: ALT<40 lUlL, AST<45 lUlL, Bilirubin <1.5mg/dl

a Means ± S.D.
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The thymosin group had normal or near normal ALT (59±17, SEM) and
AST (54±12) levels at 1 year compared to the placebo group (135±48 and
143±38, respectively). In the 9 thymosin treated responders, the ALT
levels at 1 year were 45±6. Transient ALT elevations (2-6 fold over
pre-inclusion values) were observed in 6 of the 9 responders to
thymosin and preceded clearance of HBV DNA in each case. By 27 ± 4
months of follow up, 4 of the 9 responders to thymosin cleared serum
HBsAg.

Table 3. HBV Marker Seropositivity at Inclusion and at 12 Months

HBV Marker Thymosin-Treated Placebo p value
(12) (8)

DNA Initial 12 (1007.) 8 (1007.) NS
12 Months 3 (257.) 6 (757.) <0.04a

HBeAg Initial 11 (92%) 5 (637.) NS
12 Months 5 (427.) 4 (507.) NS

HBsAg Initial 12 (1007.) 8 (100%) NS
12 Months 10 (83%) 8 (100%) NS

a Fisher's exact test

Liver biopsy samples obtained prior to inclusion and at 1 year
were available for patients in Group I which included 7 patients
treated with thymosin (6 of whom were responders) and for 5 patients
given placebo (including 1 patient who had a spontaneous remission).
Replicative forms of HBV DNA were present in the liver tissue of all 12
patients at inclusion. HBV molecular forms observed at 1 year are
shown in Table 4. The single placebo treated patient with absent HBV
molecular forms at 1 year had spontaneous remission of disease and the
single patient with replicative forms in the thymosin group did not
respond to treatment. Histologic improvement was observed in the 12
month liver biopsy specimens of the 7 thymosin treated patients which
was significant (p<O.Ol) when compared to the 12 month biopsy specimens
of the 5 placebo treated patients (28).

Prior to randomization, the 20 patients with CH-B had
significantly lower peripheral blood lymphocyte (p<O.OOl), CD3
(p<O.OOl), CD4 (p<OOl), CDS (p<0.02), and CD11 (p<O.OOl) counts when
compared to healthy volunteers. No significant differences were noted
in these parameters between the thymosin and placebo groups. Within
one month of initiating treatment, the thymosin group exhibited higher
lymphocyte, CD3, CD4 and CD11 counts when compared to the initial
values. No change was seen in the placebo group. At 12 months the
lymphocyte count was significantly higher in the thymosin group than in
the placebo group (1962 ± 475 cells/rom3 vs 1407 ± 618, p<0.05).
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Table 4. HBV Molecular Forms in Liver Tissue at 12 Months

HBV Molecular Forms
Group Replicative Free Genome Absent

Thymosin
(7)

Placebo
(5)

1

4

2

o

4

1

At inclusion, no differences were found in in vitro IFN-y
production between study groups or between either treatment group and
healthy volunteer controls (144 ± 89 U/ml/10 3 PBM, thymosin group;
165 ± 85, placebo group; 149 ± 103, controls). After inclusion, PBM
synthesis of IFN-y in the thymosin group rose to levels above those
seen with the healthy volunteers and was significantly higher than in
the placebo group (233 ± 132 vs 99 ± 70, p<0.05).

Therapy with TF5 and Tal was not associated with significant side
effects. Six patients reported local discomfort at the sites of the
TF5 injections during the first 2 weeks. Four of these patients were
changed to Tal without further difficulty and the remaining 2 patients
continued with TF5 with disappearance of the local discomfort. No
local, systemic or constitutional symptoms were observed with Tal
administration. No significant changes from normal values were
observed in hematologic status, biochemical parameters or in renal
function, including creatinine clearance, throughout the treatment and
follow up periods in the thymosin and placebo groups.

DISCUSSION

The results of this Phase II trial suggest that TF5 and Tal are
safe and effective in the treatment of CH-B. Moreover, the improvement
in clinical, biochemical and immunologic parameters is associated with
cessation of HBV replication and either elimination of HBV DNA from
liver tissue or conversion from replicative forms to free genomes with
transition to a latent form of infection.

It is not yet possible to define the mechanism by which thymosin
mediates its effects in patients with CH-B. TF5 and Tal are not
believed to possess antiviral properties (32). The results of the
Phase II study suggest that the salutary responses to these agents may
be derived from the modulation of immune responses by these peptides.
There is evidence to suggest that Tal may function in a manner similar
to IFN-a. The C-terminal sequence of IFN-a shares homology (367.) with
prothymosin a, the precursor form of Tal (32). Unlike the N-terminal
domain of IFN-a, which may direct antiviral activity, the C-terminal
domain may be responsible for IFN-a immunomodulatory activity.
Furthermore, the octapeptide corresponding to the region of highest
homology between IFN-a2 and Tal competes for the same receptor on
thymocytes responsible for induction of proliferation in the presence
of Con A (32).
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Based on the findings of the Phase II study, a controlled
investigation was initiated wherein 6 chronic woodchuck hepatitis virus
(WHV) carrier woodchucks were given twice weekly subcutaneous
injections of Tal (10~g/Kg) for 28 weeks (33). At the conclusion of
treatment, WHV DNA levels were undetectable in 4 of the treated animals
and were depressed 100-fold in the remaining 2 animals. Liver biopsy
specimens obtained at the conclusion of treatment revealed a 50 to 300­
fold decrease in the levels of WHV DNA replication intermediates in the
4 animals in whom serum WHV DNA was undetectable - but no change from
pretreatment levels in the other 2 animals. No changes were identified
in serum WHV DNA levels or in tissue WHV DNA replication intermediates
during the 28 week period in any of the 6 untreated control animals

A prospective, double-blind and placebo controlled, Phase III
multicenter study is currently in progress to establish the efficacy of
thymosin a1 in the treatment of CH-B.
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INTRODUCTION

Candida albicans is an opportunistic fungal agent which has become a highly prevalent
and incident cause of disease, especially life-threatening in neutropenic, bone-marrow
transplanted subjects with underlying malignant hemopathyl,2. An extensive experimental
evidence demonstrates that this fungus, and materials extracted from it, can also be used
to influence or modify multiple biologic functions3,4. A particular point of interest in the
"Biological Response Modifier" (BRM)-activities ofCandida, that make this microorganism
quite particular in comparison to other more popular microbial immunomodulators (for
instance, BCG), is that Candida is a human commensal. Thus, almost every normal subject
is primed for immune response to candida! antigens, as shown by the presence in its serum
of measurable, sometimes elevated, levels of specific antibodies, and positive cell-mediated
response to Candida antigerzsS,6. While generating restrictions to the use of certain fungal
materials as immunomodulators (mostly concerning undesired hypersensitivity reactions)
the human commensalism also tells us that Candida-induced immunomodulation may take
place under natural conditions and can be easily amplified. A rather dramatic example of
this amplification is the generation of LAK- like effectors following Candida vaccination
of normal mice? or exposure of peripheral blood mononuclear cells (PBMC) from normal
human donors to a mannoprotein extract of C. albicans8.Moreover, certain fungal products
are potent recall antigens to probe the efficiency of the immune system, both in normal and
pathological conditions9,1O. Most of the BRM-effects of C. albicans are mediated by the
glucan and the mannoprotein constituents of the fungal cell wall4. In this note, we will
mostly address the latter components (hereafter referred to as MP), and will attempt to
summarize some of our recent results on the immunogenic and immunomodulatory effects
of a purified and chemically-characterized mannoprotein fraction (F2). Localization of this
constituent throughout the fungal cell wall, and its differential antigenic ex·
pression in yeast and mycelial forms of C. albicans have recently been
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Table 1. Main reasons for attempting
purification and separation of
mannoproteins from C. albicans

1 - Only purified constituents may allow to study the interaction
between antigens/immunomodulators and receptors on immune cells, then
the resolution of the specific mechanisms involved in the biologic
response modification.

2-Most of bulky "mannan" preparations used in immunological work are
based on extraction steps involving strong alkali or acid treatment
which degrade significantly the native structure of mannoproteins and
probably generate inhibitory "mannan" fragments a •

3 -A bulk preparation of mannoprotein may contain constituents endowed
with opposing biological effects, for instance immunostimulatory and
immunosuppressiveb • Moreover, it containsantigenic molecules which are
distinct from other molecules which exert lectin-like actionsC or
possibly interact with cells of thenatural immunity (natural
killer/professional phagocytes)d.

a) see Ref. 17
b) see Ref. 13, 14
c) see Ref. 18
d) see Ref. 21

F2 F1 MP

KDa

110­

84-

47-

33­

24-

Figure 1. Concanavalin A-peroxidase stain of F2 fraction run in SDS-PAGE 5-10% gel
gradient and transblotted onto nitrocellulose filter. Fl in an antigenic, but
lymphoproliferation-induction inactive fraction from the MP extract. The bars
indicate M.W. standards. For technical details, see Ref. 12.
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demonstratedl1 . The general structure of MP molecules and their polydisperse,
heterogeneous constitution have been discussed elsewhere4,12.

RESULTS AND DISCUSSION

A main problem that has strongly limited the validity of past studies with MP
constituents as immunomodulators, is that bulk preparations of cell wall materials have
generally been used. Apart from the obvious notation that only purified and well
characterized constituents may allow to study how precisely the mannoprotein
immunomodulators interact with cells and/or soluble factors of the immune system,
there are several other compelling reasons for the purification of the distinct
mannoprotein constituents, as outlined in Table 1. In particular, lectin-like and
immunosuppressive mannan components have been described, including inhibitors of
phagocyte function 13-18. Thus, several efforts have been made to separation and
molecular characterization of the distinct immunologically active mannoproteins from
Candida. We addressed extraction and purification schemes preserving as much as
possible the biological attributes of MP from C. albicans, as exemplified in the
preparation of GMP and its active F2 fraction. This latter proved to possess most if not
all of the BRM-properties of candidal MP: it contains the anti~enic activator of human
T cell proliferation and LAK-like cytotoxicity generation,1 a ma~or adjuvant for
primary antibody response in vitro to Candida- unrelated antigen 9, and a strong
stimulatory constituent of murine macrophages20 and human neutrophils (Palma et al.,
submitted).

Molecular composition and activity of Mp·F2 fraction

Although F2 is a substantially pure and characteristic "mannoprotein" material
(mannan was> 95% of the whole polysaccharide, as detected by Fehling reagent, and
mannose was essentially the only detectable sugar in HPLC analysis, unpublished data)
recent experimental approaches with gradient gel SDS-PAGE, transblotting and
Concanavalin A- peroxidase-or immuno-detection with anti-Candida sera or monoclonal
anti-MP antibodies, revealed the molecular complexity of this fraction. At least five
polydisperse but sharply distinct molecular bands were detected by Con A-peroxidase
staining. These molecules shared common oligomannoside epitopes,l1 and their M.W.
ranged from> 200 to 34-36 Kda (Figure 1).
The most representative molecular constituents were eluted from the gel and tested

for their ability to mimick the F2 fraction in stimulating the proliferation of PBMC from
normal human subjects. Although being still preliminary, the results have shown that
the PBMC- stimulatory activity is not possessed by all constituents but mainly
associated with a molecular complex of 60-64 Kda. Interestingly, the M.W. of this
complex ranges close to, or within, that of other glycofrotein constituents which bind
C3 and other immunologically relevant host proteins?

MP as probes to detect an efficient immune response

The antigenic, T cell response to candidal MP with associated lymphokine cascade
and generation of MHC-unrestricted cell cytotoxicity is so widespread in normal
individuals, that these purified constituents can be exploited as probes to detect to
efficiency of particular T-cell mediated responses, or specific cytokine production in
abnormal subjects. Particular examples are those concerning AIDS and gliomatous
patients. The PBMC from HN-infected subjects at CDC stages III and N were found
to have substantially lost their ability to proliferate and produce IFN- in response to MP,
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Table 2. Interferon-y production in cultures of PBMC
from glioma-bearing subjects and controlsa •

Subjects
group

IFN-y production (I.U./ml) after:

F2

mean ± SEM R/T

PHA

mean ± SEM R/T

Normal

Glioma

21 410.7±181c 20/21d

20 9.3±6.7c 2/20d

680±208c 21/21 f

17S±8Se 13/21 f

a

b
c
d
e

For technical details on culture, stimulation and measurement of
IFN-y production, see Refs 8, 9.
R = responder ( >10 I.U./ml); T = total.
P < 0.001 (Student's 1. test) .
P < 0.001 (X2 test).
P < 0.01 (Student's t test) .
P < 0.01 (X2 test). -

and this loss could be detected at least as efficiently and precociously as the one to
tetanus toxoid, a widely used test antigenlO. On the other band, the PBMC from
glioma-bearing subjects, while efficiently responding to Candida antigen stimulation for
lymphoproliferation had a rather dramatic loss of capacity to produce IFN-y, an
immunodeficiency that is also present, although less marked, after stimulation with PHA
(Table 2). This lack of IFN-y production is rather characteristic, is inevitably followed
by lack of MP-stimulated generation of LAK-like activity, and suggests that IFN-y,
possibly in association with other cytokines, could be useful in the immunomodulatory
treatment of gliomatous subjects.

The Stimulatory Effect of F2 Fraction on the Antimicrobial Activity of, and
Cytokine Production by, Human Neutrophils

We have recently discovered that the F2-MP fraction is also capable of strongly
stimulating various activities of highly purified (> 99%) PMN from normal human
subjects. In particular, it primes the antimicrobial activity, both intra-and extracellularly
expressed, of these essential phagocytic and inflammatory cells. This priming effect is
seen in a range of 1 to 10 pg/ml of F2, was greater at lower effector: target (E:T) ratio,
and as intense as to be formally equivalent to a twofold increase in the E:T ratio. In
particular, the mannoprotein stimulation of PMN anticandidal activity was studied with
a large number of separate subjects, and in comparison with well known exogenous
(LPS) or endogenous (GM-CSF) stimulators of PMN activity. As summarized in Table
3, the F2 stimulatory activity was of the same order of magnitude as that of LPS and
GM-CSF, and relied upon the integrity of the mannan portion of the molecule. In a
typical experiment, the F2 fraction was treated with pronase or-D-mannosidase, and
these enzyme-treated preparations were used in comparison to untreated F2 in the same
subject, simultaneously for PBMC proliferation (the antigenic response) and PMN
activation (the phagocytic response). The experiment (results summarized in Table 4)
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Table 3. The PMN-stimulatory ability of F2 versus LPS and
GM-CSF for growth inhibition of Candida albicans.

Experimental
Group

N° of
experiments

Inhibition Units a

mean ± SEM Range

C

a

b

F2 vs LPS

unstimulated 450±55.1 288- 767
F2-stimulated 11 1244±196.5 608-2684 <0.005 NS
LPS-stimulated 1142±171.6 564-2402 <0.005 NS

F2 vs GM-CSF

unstimulated 416±33.3 281- 767
F2-stimulated 16 1411±160 596±2967 <0.005 NS
LPS-stimulated 1521±149 741-2626 <0.005 NS

Defined as PMN number causing the reduction of 20% of Candida growth
in a standard 3H-glucose uptake assay (see Ref. 21).
P1 is the probability of a difference between unstimulated and
stimulated PMN.
P2 is the probability of a difference between the two stimuli given to
PMN.

Both P1 and P2 were calculated by the Student't test (pooled data, one
tail) .

Table 4. The effects of proteolytic or saccharidic
degradation of F2 moieties on lymphocyte versus PMN
activation in the same donor.

Materiala PBMC proliferationb PMN activationC

F2 27,350 ± 1,9 647

F2-pronase 3,580 ± 1,4 702

F2-mannosidase 24,890 ± 3,5 85

F2-heated 26,305 ± 2,7 692

a
b
C

For enzyme treatments, see Ref. 6, 12
Measured as 3H- Thymidine incorporation (cpm) (see Ref. 6).
Candida-growth Inhibition Units (see Table 3) .
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gave a clear-cut indication that the proteolytic treatment, causing the reduction or loss of
protein moiety but leaving almost unaltered the mannan moiety, abolished the lymphocyte
multiplication,whereas the treatment with an enzyme degrading the mannan moiety
abolished the neutrophil activation but not the lymphoproliferation. These experiments also
suggest that mannan receptors may exist on PMN surface, as they do on monocyte surface.
These findings should also be considered in the light of previous reports on the inhibitory
effects of crude mannan preparations from Saccharomyces cerevisiae on PMN phagocytosis
and mieloperoxidase activity16.
F2 also proved as effective as LPS in the induction of message for cytokines. However,
the kinetics of both IL-l and TNF- production by F2-stimulated PMN indicated a
long-lasting effect (characteristic of monocyte cytokine production) (Djeu et aI., manuscript
in preparation). The production of pro-inflammatory and immunomodulatory cytokines by
PMN, following mannoprotein stimulation, points to a more general, previously
unsuspected, immunoregulatory role of these cells, and suggests that PMN could have a part
in the potent antitumour or anti- infections effects elicited by Candidal materials in murine
models. Considering that activators of PMN are widespread and largely shared microbial
products like LPS, MP and, probably, peptidoglycan fragments, it could be speculated that
this activation represents for the antimicrobial activity of neutrophils an efficient alternative
to Fc- dependent mechanisms, requiring previous specific immunization.

CONCLUSION

A remarkable body of evidence has been accumulated that C. albicans is endowed with
powerful properties of a human-indigenous BRM, that both antigenic and non-antigenic
immunomodulatory properties are expressed in particular by candidal mannoproteins, with
apparently different molecular moieties coming into play in different activation processes.
The enhanced PMN activity and the synthesis/secretion by these cells of important
pro-inflammatory and immunomodulatory cytokines raises the problem of considering these
professional phagocytes as efficient, though short-lived cells participating in the general
immunomodulations triggered by Candida.
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SUMMARY

The role of cytokines in modulating either replication
of HIV, the cause of acquired immunodeficiency syndrome
(AIDS), or the activity of antiviral drugs, is not yet fully
understood. We then undertook an investigation to evaluate
viral replication in cells of monocyte/macrophage lineage
(M/M) exposed to granulocyte-macrophage colony stimulating
factor (GM-CSF) or macrophage-colony stimulating factor (M­
CSF) in combination with various anti-HIV drugs. We found
that GM-CSF and t·l-CSF potently enhance HIV replication in
M/M. Moreover, the antiviral activity of 2' ,3'­
dideoxyadenosine (ddA) , a prototype drug working as reverse
transcriptase inhibitor, is decreased by GM-CSF. By
contrast, neither GM-CSF nor M-CSF interfere with the
antiviral activity of soluble CD4, and antisense
phosphorothioate oligonucleotides against rev gene of the
virus; these two molecules inhibit viral binding on CD4
molecule and viral translation respectively. Cytokines such
as GM-CSF and M-CSF are able to modulate some immune
functions impaired by HIV in AIDS patients. Moreover, even
in the case of reduction of antiviral activity of ddA by GM­
CSF, complete inhibition of viral replication can be
obtained by 10 uM ddA, a concentration similar to that
achieved in patients treated with 2' ,3'-dideoxyinosine (ddI,
the active moiety of ddA).
These results suggest that combination of cytokines and
antiviral drugs should be used with caution and only after
careful evaluation of their activity in in vitro and in vivo
models. Nevertheless, association of immunomodulators and
anti-HIV drugs can be of great advantage for AIDS patients,
and their study is worth to be pursued in advanced
preclinical and clinical trials.

INTRODUCTION

Cell of monocyte-macrophage lineage (M/M) are widely
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recognized as a major target of human immunodeficiency virus
(HIV), the causative agent of acquired immunodeficiency
syndrome (AIDS) (1,2). M/M infected by HIV have been found
in brain, spinal cord, lung, liver, skin, lymph nodes and
blood of seropositive patients (3). Recent reports suggest
that only a minority of blood-monocytes are infected by HIV
(4). However, other studies show that viral production could
be sometimes obtained from blood M/M, but not from
stimulated lymphocytes of seropositive patients (5).
Finally, mature M/M account for the large majority of cell
infected by HIV in the central nervous system: their
infection and consequent functional impairment is believed
to playa major role in the AIDS-related dementia (6).

Viral production by infected M/M is abundant and lasts
long time, because such cells are poorly sensitive to the
cytophatic effect of HIV (7). Moreover, infected M/M can
easily transfer the virus to other cells like T4­
lymphocytes, thus contributing to their progressive
reduction found in HIV-infected patients.

The role that M/M play in the pathogenesis and
progression of HIV-related disease strongly suggests the
importance of developing drugs able to suppress viral
replication both in M/M and lymphocytes. Previous reports
from our group show that the antiviral activity of 2'-azido­
2' ,3' -dideoxythimidine (AZT, zidovudine) and other
dideoxynucleosides inhibitor of viral reverse transcriptase,
is substantially different in T-lymphocytes and M/M (7). It
should also be noted that viral replication is quite
marginal in resting lymphocytes, and stimulation with
interleukin-2 or other mitogens is indispensable to induce a
substantial viral production. In contrast, M/M do produce
large amount of virus under resting conditions, thus their
activation is not a necessary prerequisite for viral
replication (7).

Nevertheless, M/M are major or unique target of several
cytokines and growth factors able to induce cell activation
and replication (8-10). Such modulation of M/M functions
suggests that cytokines can also affect the replication of
HIV in these cells, as well as potentially modulate the
activity of anti-HIV drugs. Indeed, preliminary studies
undertaken by us and other point that granulocyte-macrophage
colony stimulating factor (GM-CSF) enhances viral
replication in M/M, yet increases the antiviral of AZT and
related thymidine congeners (10). In order to expand these
observations, we undertook an investigation, to evaluate the
potential role of cytokines in modulating either viral
replication or the antiviral activity of some anti-HIV drugs
already in clinical trials or at the stage of preclinical
development.

MATERIALS AND METHODS

CELLS. M/M were obtained from peripheral blood
mononuclear cells of normal, seronegative subjects by
countercurrent centrifugal elutriation or by short term
adherence (2 hours) on plastic dishes. M/M populations
obtained with these two methods are substantially similar in
term of purity (>95% non specific esterase positive), except
that 2-hour adherent M/M are slightly more mature than
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elutriated cells. After separation, 2*105 M/M were plated in
48-well plates in 1 ml of RPMI 1640 supplemented with 50
U/ml penicillin, 50 1.lg/ml streptomycin, 2 roM L-glutamine,
and 20% fetal calf serum (complete medium). Details of
culture conditions used in these experiments are described
elsewhere (7).

VIRUS. HTLV-IIIBa_L, a monocytotropic strain of HIV-1
obtained from pleural effusion of an AIDS pediatric patient
(hereafter called HIVB.a_L) was used in these experiments.
The characteristics ot this strain have been previously
described (1,7). HIVBa_L was expanded and titrated in normal
M/M, as previously described (11).

CYTOKINES AND DRUGS. Human recombinant granulocyte­
macrophage colony stimulating factor (GM-CSF) and human
recombinant macrophage colony stimulating factor (M-CSF)
were kindly provided by Genetics Institute (Cambridge, MA,
USA). The antiviral drugs used in these experiments were:
2' ,3'-dideoxyadenosine (ddA) (Pharmacia Fine Chemicals,
Piscataway, NJ, USA), recombinant soluble CD4 (sCD4) and a
phosphorothioate 28 mer DNA antisense oligonucleotide
directed against the first exon of the rev regulatory gene
of HIV.

ANTIVIRAL DRUG ASSAY. Purified M/M were cultured in 1
ml of 48-well plates for five days with/without 100 U/ml GM­
CSF or 1,000 U/ml M-CSF, and then challenged with 300
minimum infectious doses (MID50 ) of HIVBa_L, in the presence
or absence of various concentrations of anti-HIV drugs. Cell
were then cultivated at 37°C in a humidified atmosphere
supplemented with 5% CO2 for 2 days, washed to remove the
excess virus, and maintained in the same culture conditions
as before, in the presence of cytokines and drugs. Virus
production was evaluated starting from day 10 in the
supernatants, using a commercially available ELISA (Abbott
Diagnostics, Italy). Syncytia formation was assessed by
visual inspection. Drug toxicity was evaluated by trypan
blue exclusion method in mock-infected cultures. Results
reported in the figures represent the average of at least
three experiments. Further details of the techniques used to
assess viral production are described elsewhere (7,10,11).

RESULTS

In a preliminary set of experiments, we evaluated the
levels of viral replication in M/M exposed to GM-CSF and/or
M-CSF. As shown in Fig. 1, M-CSF and GM-CSF similarly
enhance the replication of HIV in 2-hour adherent M/M. Such
enhancement is consistently achieved from day 7 after
infection, and lasts at least up to day 30.

Syncytia formations were present from day 10 after
viral challenge: multinucleated giant cells were alive and
producing large quantity of cells at least up to day 40
after viral challenge (data not shown). HIV-antigen
expression in M/M could also be easily detected by
immunofluorescence. Cell fluorescence is evident not only on
the membrane, but also within the cytoplasm, thus suggesting
that M/M are loaded with viral particles ready to be shed
both within intracytoplasmic vacuoles as well as outside the
cell (data not shown).
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The number of cells infected by HIV varied from culture
to culture, but was always greater than 25% (assessed by
immunofluorescence). This is in agreement with the variation
of the number of C04-positive M/M found in different donors,
as previously described (11). No substantial difference was
detected between GM-CSF and M-CSF-exposed M/M in term of
number of syncytia or number of HIV-positive cells. It
should also be noted that most of M/M staining positive for
HIV-p24 antigen were mononuclear and normal shaped even
after more than 25 days of culture.
The association of GM-CSF did not increase viral production
more than with each cytokine used alone. Similarly, no
substantial increase of p24 antigen levels in the
supernatants of either control or cytokine-exposed M/M was
obtained by disrupting the cells with 0.5% triton X (data
not shown).

Based on these data, we assessed the efficacy of some
antiviral drugs in inhibiting HIV replication in M/M exposed
or not exposed to GM-CSF or M-CSF. We selected one drug
active against each of the following stages of HIV
replication: viral binding on cell surface, reverse
transcriptase activity, and viral transcription.

Figure 2 summarizes the results obtained with soluble
C04, a recombinant molecule that selectively inhibits the
binding of HIV-gp120 glycoprotein with C04 epitope on the
cell membrane. About 85% inhibition of HIV replication was
achieved with 1 ug/ml sC04 in M/M not exposed to cytokines,
and >98% inhibition was achieved with 5 ug/ml sC04. GM-CSF
did not substantially affect the activity of C04, since 72%
and >98% inhibition of HIV replication was obtained with 1
and 5 ug/ml sC04 respectively. Results obtained by
evaluation of syncytia formation substantially paralleled
those achieved by p24-antigen assay (data not shown).

The antiviral effect of ddA, a reverse transcriptase
inhibitor, was affected by GM-CSF (Fig.3).
Inhibitory dose 50% (1050 ) of ddA in control M/M was about
0.01 uM, while the 1050 In the presence of GM-CSF increased
up to 0.08 uM. The activity of ddA is then about 10 fold
reduced in the presence of a cytokine enhancer of viral
replication. However, even in this case, >98% viral
inhibition was achieved, in the presence of GM-CSF, by 10 uM
ddA, a concentration highly effective against viral
replication in T-lymphocytes, and more important, clinically
achievable in patients with HIV-related disease treated with
ddI (the product of conversion of ddA by the ubiquitous
enzyme adenosine deaminase). Preliminary results also
suggest that M-CSF modulates anti-HIV activity of ddA in a
fashion similar to GM-CSF.

In the case of antisense phosphorothioate
oligonucleotides directed against the I exon of the rev
regulatory gene of HIV, the following results were obtained.
Such antisense acts by inhibiting the translation (and
probably transcription) of the rev gene, that normally
encodes for a regulatory protein that stabilizes viral RNA
and regulates the ratio between high and low molecular
weight viral RNA. Rev function is indispensable for HIV
replication.
Antisense anti-rev thus acts mainly in late (post-
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integrational) stages of viral replication. Our data,
summarized in the Fig.4, show that the antiviral activity of
non toxic concentrations (in animal models) of such
antisense are not substantially affected by cytokines like
M-CSF. Indeed, potent enhancement of viral replication has
been obtained by M-CSF also in this set of experiments:
however, either in the presence or absence of M-CSF, >95%
viral inhibition was achieved by 0.1 uM antisense, and >99%
inhibition was obtained by 1 uM. In a T-lymphocyte model,
ID50 of the same antisense molecule is between 1 and 5 uM
(data not shown) i thus, antisense molecules such this are
more active in M/M than in T-cells, even when M/M are
exposed to cytokines enhancer of viral replication.

DISCUSSION

In this paper we studied, in cells of M/M lineage, the
ability of GM-CSF or M-CSF to modulate the replication of
HIV and the activity of some anti-HIV drugs acting at
different stages of virus replication. We found that the
antiviral activity of ddA, a prototype drug acting on viral
reverse transcriptase, is more affected than prototype drugs
acting at levels of viral binding on cell surface, or at the
posttranscriptional level.

There is a large cohort of studies that investigates
the role of cytokines on the replication of HIV, either in
vivo or in vitro systems (8-10). Among other cytokines, GM­
CSF and M-CSF are widely studied in view of their clinical
use in patients with HIV-related disease. Immunological
disorders correlated with both lymphocyte and M/M
dis functions are the main feature of such patients (12).
Moreover, most patients with AIDS experience bone marrow
disfunctions, such as anemia, granulocytopenia and
thrombocytopenia, either caused by a direct (or indirect)
effect of HIV, or by a toxic effect of AZT, an antiviral
drug currently used by thousands of patients infected by HIV
(13,14). Cytokines such as GM-CSF (and, in part, M-CSF) are
able to improve most M/M functions (phagocytosis, antigen
presentation, cell killing, superoxide production, etc.),
and increase the maturation and dismissal of mature cells
from bone marrow compartment (14,15). For this reason, GM­
CSF is currently studied in clinical trials in patients with
AIDS and neutropenia, in association with AZT.

Nevertheless, it has been demonstrated by us and others
that both GM-CSF and M-CSF enhance viral replication in M/M
(8-10). The mechanism(s) related to such phenomenon is still
poorly understood: it has been hypothesized that cytokines
may activate (directly or through a DNA binding protein)
enhancer sequences within HIV-long terminal repeat, thus
acting at a postintegrational step of viral replication
(16). The clinical implications of this phenomenon are still
unclear. Indeed, Pluda et al reported that 6/6 patients
experienced a substantial increase of HIV-p24 antigemia
during treatment with GM-CSF (17). Viral antigenemia
immediately returned to the baseline when AZT was
administered. Other clinical trials did not show any
significant modulation of HIV replication in GM-CSF-treated
patients. Nevertheless, this suggests that the use of
cytokines should be considered with great caution, and
always in association with selected drugs potently active
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against HIV also in the presence of cytokines. Drugs like
sCD4 are able to completely inhibit viral entry and then
viral integration, as shown by the absence of proviral
genome (by polymerase chain reaction) in sCD4-exposed cells
(18). It is then conceivable that inhibition of viral entry
induced by such drugs can prevent the modulation of HIV
replication induced by cytokines that usually act at
postintegrational stages of the replication of the virus. By
contrast, proviral DNA has been detected in cells exposed to
inhibitors of reverse transcriptase, such as AZT, even in
the absence of detectable virus production from these cells.
Thus, this suggests that cytokines like GM-CSF or M-CSF are
unable to activate viral replication when are present
antiviral drugs able to prevent the integration of provirus
into cellular DNA. This may at least in part explain the
results shown in this paper, that suggest a partial loss of
activity of ddA (but not of sCD4) in the presence of GM-CSF
or M-CSF. Similarly, viral activation induced by GM-CSF and
M-CSF might be balanced (and then almost nullified) by a
drug, such as antisense anti-rev, that decreases viral
production by inhibiting a postintegrational step of HIV
replication later than that activated by cytokines.
It should be mentioned that, even in the case of ddA

(and even more of sCD4 and antisense), complete inhibition
of HIV replication in cytokine-exposed M/M was achieved with
drug concentrations similar or even lower than those active
against HIV in lymphocytes, and (in the case of sCD4 and
ddA) close to those potentially achievable in patients.
Moreover, GM-CSF potently enhances the antiviral activity of
AZT in in vitro systems, by increasing both drug entry
within the cell and phosphorylation (i.e. activation) of AZT
to its triphosphate (active) moiety (10). Thus, association
of cytokines and antiviral drugs could be of advantage even
in the case of limited cytokine-induced viral enhancement.
These results again stress that the development of
immunomodulators able to improve the functions of immune
system is an important goal in the treatment of AIDS, that
parallels the search of good antiviral drugs able to inhibit
HIV replication. This suggests that the research of
associations of cytokines and antiviral drugs should be
further pursued and the results carefully eveluated in
preclinical studies before the use in patients with HIV­
related disease.

ACKNOWLEDGEMENT

This work has been supported by the Italian Istituto
Superiore di Sanita, IV Progetto di Ricerche AIDS 1990, and
by two grants of the Italian Consiglio Nazionale delle
Ricerche, Project FATMA.

REFERENCES

1) Gartner S., Markovits P., Markovitz D.M., Kaplan
M.H., Gallo R.C., Popovic M.,: The role of mononuclear
phagocytes in HTLV-III/LAV infection. Science 1986; 233:215.
2) Ho D.D., Rota T.R., Hirsch M.S.: Infection of
monocyte/macrophages by human T lymphotropic virus type III.
J. Clin. Invest. 1986; 77:1712.

174



3) Meltzer M.S., Nakamura M., Hansen B.D., Turpin J.A.,
Kalter D.C., Gendelman H.E.: Macrophages as susceptible
targets for HIV infection, persistant viral reservoirs in
tissue, and key immunoregulatory cells that control levels
of virus replication and extent of disease. AIDS Research
and Human Retroviruses 1990; 6:967.
4) Schnittman S.M., Psallidopulos M.C., Lane H.C., Thompson
L., Baseler M., Massari F., Fox C.H., Salzman N.P., Fauci
A.S.: The reservoir of HIV-1 in human peripheral blood is a
T cell that mantains expression of CD4. Science 1989;
245:305.
5) Popovic M., Gartner S.: Isolation of HIV-1 from
monocytes but not T-lymphocytes. Lancet 1987; 2:916.
6) Koenig S., Gendelman H. E ., Orenstein J .M., Dal Canto
M.C., Pezeskhpour G.H., Yungbluth M., Janotta F., Aksamit
A., Martin M.A., Fauci A. S.: Detection of AIDS virus in
macrophages in brain tis sue from AIDS patients with
encephalopathy. Science 1986; 233:1089.
7) Perno C.F., Yarchoan R., Cooney D.A., Hartman N.R.,
Gartner S., Popovic M., Hao Z., Gerrard T.L., Wilson Y.A.,
Johns D.G., Broder S.: Inhibition of human immunodeficiency
virus (HIV-1/HIV-IIIBa_L ) replication in fresh and cultured
human peripheral blood monocyte/macrophages by
azidothymidine and related 2' ,3'-dideoxynucleosides. J. Exp.
Med. 1988; 168:1111.
8) Koyanagi Y., O'Brien W.A., Zhao J.Q., Golde D.W., Gasson
J.C., Chen I.S.Y.: Cytokines alter production of HIV-1 from
primary mononuclear phagocytes. Science 1988; 241:1673.
9) Gendelman H.E., Orenstein J.M., Martin M.A., Ferrua C.,
Mitra R., Phipps T., Wahl L.A., Lane H.C., Fauci A.S., Burke
D. S., Skillman D., Meltzer M. S.: Efficient isolation and
propagation of human immunodeficiency virus on recombinant
colony-stimulating factor 1-treated monocytes. J. Exp. Med.
1988; 167:1428.
10) Perno C.F., Yarchoan R., Cooney A.D., Hartman N.R., Webb
D.S.A., Hao Z., Mitsuya H., Johns D.G., Broder S.:
Replication of human immunodeficiency virus in monocytes:
granulocyte/macrophage colony stimulating factor (GM-CSF)
potentiates viral production yet enhances the antiviral
effect mediated by 3'-azido-2' ,3'-dideoxythymidine (AZT) and
other dideoxynucleoside congeners of thymidine. J. Exp. Med.
1989; 169:933.
11) Perno C.F. Baseler M.W., Broder S., Yarchoan R.:
Infection of monocytes by human immunodeficiency virus type
1 is blocked by inhibitors of CD4-gp120 binding even in the
presence of enhancing antibodies. J. Exp. Med. 1990;
171:1043.
12) Yarchoan R., Broder S.: Immunology of HIV Infection. In
W. Paul: Fundamental Immunology. Raven Press, 1989, p.1059.
13) Richman D.D., Fischl M.A., Grieco M.H., Gottlieb M.S.,
Volberding P., Laskin O. L., Leedom J .M., Groopman J. E. ,
Mildvan D., Hirsch M.S., Jackson G.G., Durack D.T.,
Nusinoff-Lehrman S. and the AZT collaborative working group:
The toxicity of azidothymidine (AZT) in the treatment of
AIDS and AIDS related complexes (ARC). A double-blind,
placebo-controlled trial. N. Engl. J. Med. 1987; 317:192.
14) Weiser W.Y., Van Niel A., Clark C., David J.R., Remold
H. G.: Recombinant human granulocyte/macrophage colony­
stimulating factor activates intracellular killing of

175



Leishmania donovani by human monocyte-derived macrophages.
J. Exp. Med. 1987; 166:1436.
15) Grabstein K. H., Urdal D. L., Tushinski R. J ., Mochizuki
D.Y., Price V.L., Cantrell M.A., Gillis S., Conlon P.J.:
Induction of macrophage tumoricidal activity by granulocyte­
macrophage colony stimulating factor.Science 1986; 232:506.
16) Osborn L., Kunkel S., Nabel G.J.: Tumor necrosis factor
alfa and interleukin-1 stimulate the human immunodeficiency
virus enhancer by activation of the nuclear factor kB. Proc.
Natl. Acad. Sci., Usa 1989; 86:2336.
17) Pluda J.M., Yarchoan R., Smith P.D., McAtee N., Shay
L.E., Oette D., Maha M., Wahl S.M., Myers C.E., Broder S.:
Subcutaneous recombinant granulocyte-macrophage colony
stimulating factor used as a single agent and ~n an
a1 ternative regimen with azidothymidine in leukopenic
patients with severe human immunodeficiency virus infection.
Blood 1990; 76:463.
18) Ashorn P., Moss B., Weinstein J. N., Chaudhary V. K. ,
Fitzgerald D.J., Pastan r., Berger E.A.: Elimination of
infectious human immunodeficiency virus from human T-cell
cultures by synergistic action of CD4-pseudomonas exotoxin
and reverse transcriptase inhibitors. Proc. Natl. Acad. Sci.
USA 1990; 87:8889.

176



THE CASE FOR SYNERGY OF THYMIC HORMONES AND INTERLEUKINS

IN IMMUNE RECONSTITUTION

J.W. Hadden, P.H. Malec, M. Sosa and E.M. Hadden

Division of InInunopharmacology
University of South Florida Medical College
Tampa, Florida 33612, USA

SUMMARY

The regulation of T cell development can be viewed as a process requ1r1ng
the thymus and influenced by endocrine and interleukin-type hormonal
influences. Thymic hormones are produced by thymic epithelial cells and
regulate the differentiation and function of pre and post-thymic T cells but
they do not alone induce intrathymic maturation. Interleukins I and II are
produced by activated leukocytes (macrophages and T lymphocytes) and, in
addition to regulating mature T cell proliferation, prolllOte in a synergistic
manner the proliferation and differentiation of pre T cells (prothymocytes
and intrathymic precursors) and of iDmature thymocytes. Thymic epithelial
cells produce thymic hormones and ILl, IL6 and GM-CSF which will, with IL2,
prOlllOte the responses of illInature and mature T lymphocytes. Mixed
interleukins, but not thYlllOsin fraction V, prOlllOte the development of T cells
in neonatal mice and their renewal in aged hydrocortisone-treated mice.
Combination treatment with mixed interleukins and thYlllOsin fraction V are
synergistic in restoring T cell number and function in secondary T cell
immunodeficiency associated with aged hydrocortisone-treated mice.

INTRODUCTION

The thymus gland is considered the central lymphoid organ of the cellular
immune or T lymphocyte system. It is credited with the guided development
of the pre-coomitted prothymocyte into a fully mature, functional T cell
capable of expressing many regulatory and effector functions. Despite this
central role for the thymus in T cell development, only recently have we been
able to visualize the complexities of this process. cellular immunologists
have delved deeply into defining the many surface markers and functional
changes which characterize the stepwise ontogeny of the T cell. This search
has developed a static view of the sequence of developmental events and it
is difficult to see clearly what regulatory events dictate the initial
development of the system, the possible expansion of the system based upon
demands placed by intense expression of cellular immunity and, finally, the
replenishment of the T cell system following profound depletion as with
lIIUltidrug chelllOtherapy or total body irradiation.
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It will be the purpose of this short review to focus on several recent
developments which be<]in to clarify the molecular and humoral events involved
in the development of the cellular llmllme system. These developments make
it clear that iJmnmopharmacologic strategies to promote T lymphocyte
development and function should employ combinations of interleukins and
thymic hormones.

Humoral Factors on T Cell DevelOpment

Thymic Hormones

A number of substances have been extracted from the thymus gland and
termed thymic hormones (Goldstein, 1984). These substances are thought to
be derived from the hormone-producing cells of the thymus, the thymic
epithelial cells. Three thymic hormone preparations have been purified to
homogeneity and synthesized either by chemical synthesis or genetic
engineering. These are: thymopoietin, thymosin a 1, and thymulin
(previously FTS). All of these thymic hormones have been shown to induce
prothymocyte differentiation and to modulate T cell function in one or
another assay; however, few direct comparisons have been made to allow a
proper assessment of differences in their actions. Their capacity to
modulate T cell development is generally consistent with events which are
known to occur in the presence 'lf a thymus; however, evidence of their
intrathymic actions are notably laFking. We have been unable to show that
they induce the maturation of iJnnature thymocytes by surface markers or
functional criteria (Chen, et al., 1982, 1983; Hadden, et al., 1986a).
Others have reached similar conclusions with thymic epithelial cell (TEC)
products (Andrews, et al., 1985). It is useful then to consider thymic
hormones as being central to thymic chemotactic influences (Champion et al.,
1986) which cODlllit prothymocytes to the first step of development (Thy 1
aquisition in the mouse) and, thereafter, sustain T cell cOlllllitment and make
possible subsequent developmental steps. They cannot be considered to induce
these subsequent steps. They modulate IL2 production and receptor display
and other responses of mature T cells (Zatz et al., 1984; Sztein et al.,
1986); in this sense they operate as humoral regulators maintaining T cell
cOlllllitment.

Thus, thymic hormones can be visualized to operate as true hormones (Le.,
being blood born and acting on target cells at a distance).

The thymic hormones never have qualified as inducing or determining the
growth of any cell in the T cell lineage; they are not growth factors. With
the knowledge that most cell types have one or more growth factors thought
to be critical for their development, it was appropriate to search for
alternative regulators of intrathymic development, particularly those which
would relate to growth like interleukins I and II (ILl and IL2).
Interleukins I and II

IL2 is a product of mature T cells and iJnnature large granular lymphocytes
(probably pre-T cells). The production of IL2 by mature T cells results from
the action of a monocyte/macrophage product called interleukin I (ILl). IL2
acts to allow antigen-primed, mature T cells (triggered to synthesize RNA and
protein) to enter DNA synthesis and to replicate clonally. It was previously
thought that only mature T cells respond to ILl to make IL2; however,
iJnnature T cells have recently been described to respond to both ILl and IL2.

We initially showed that IL2 induces iJIInature thymocytes to undergo
changes in surface markers characteristics of the transition from the
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ilIInature to the mature phenotype (Chen, et al., 1982, 1983). We and others
(Chen, et al., 1982, 1983; Conlon, et al., 1982; Hadden, et al., 1986a)
subsequently showed that recombinant (r)IL2 will induce these cells to mature
to the point of acquiring mitogen responsiveness including the ability to
make IL2 as well as to respond to it. The responsive cells have been more
recently localized in the double negative intrathymic precursor population
of mouse thymus and these cells have been further shown to have IL2 receptors
(Ceredig, et al., 1985; Raulet, 1985). We further found that these illmature
thymocytes respond to recombinant ILl B to a small degree and show a marked
synergy with IL2 to enhance their proliferation (Hadden, et al., 1990).
Independently, Falk, et al. (1981) showed that the double negative
intrathymic precursor had this synergistic responsiveness to ILl and IL2.
ILl induces the high affinity IL2 receptor by inducing the beta receptor
component so it seems likely that the synergy of IL2 observed with ILl
results from the induction of high affinity IL2 receptors on these cells.

It seemed reasonable to question how early in the ontogeny of T cells this
synergistic responsiveness to IL2 and ILl is expressed. The first step of
T cell development was determined initially by the method of KOIIIIlro and Boyse
(1913) . The Komuro-Boyse assay employs prothymocytes obtained from athymic
nude mice and the induction of Thy 1 as a measure of one of the earliest
steps of T cell differentiation.

A number of thymic hormone preparations are active in the induction of T
cell differentiation in this assay. These include, thymosin fraction V,
thymosin a 1, thymulin, and thymopoietin (Hadden, et al., 1986a). We
(Hadden, et al., 1986b) found that both natural and recombinant IL2 are also
active to induce maturation in this assay and that IL2 regulates the basal
proliferation of this cell population. These represent the first
observations delineating a functional role for IL2 on prothymocytes and
indicate that these cells must have IL2 receptors.

We (Hadden, et al., 1989) showed that ILl alone has a small effect to
induce proliferation and acts synergistically with IL2. The effect of the
combination of recombinant ILl and IL2 is somewhat greater than one-half the
effect of the natural mixed lymphokine preparation suggesting that other
lymphokines are involved.

The degree of maturation in the prothymocyte induction assay is small in
terms of the degree of receptor expression found on thymocytes and we found
that the additional presence, in coculture, of thymic epithelial cells was
necesarry to bring out surface marker induction and IL2-dependent
proliferation manifested by the intrathymic ilIInature T cell (Wiranowska, et
al., 1981). Mixed thymic hormones (as thymosin fraction V) were not active
with IL2 in this regard, implying that unique induction processes (e.g., cell
contact) are involved. Thymic epithelial cells (TEC) bind to intrathymic T
cells by LFA3-CD2 receptor ligands (Vollger, et al., 1981) and this process
leads to ILl production by the TEC (Le et al, 1990) and to IL2 receptor
expression on the T cells (Denning, et al., 1988).

The foregoing observations provide the basis for suggesting that ILl and
IL2 responsiveness can no longer be considered an exclusive trait of mature
T lymphocytes; in fact, the responsiveness precedes the first identifiable
T cell marker. It seems likely that local sources of ILl and lL2 in bone
marrow and thymus would be important complementary influences to thymic
hormones in early T cell development.

The induction of maturation of Thy 1- negative cells to Thy -1 positive
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functions characteristic of mature T lymphocytes; furthermore, none of the
aforementioned substances alone can induce function of Thy 1-positive
prothymocytes. The appropriate inducers of intrathymic maturation must,
therefore, be provided by the thymic epithelial cells.

Historically, many investigators have probed thymic epithelial cells for
active factors. Thymulin, thymopoietin and thymosin a 1 have been confirmed
to be present (Dardenne, et al., 1986; Fabien et al., 1988). A host of growth
or development promoting factors have been described (Beardsley et al., 1983;
Glimcher et al, 1983; Henson et al, 1918; Kruisbeck, 1919; Miyazawa et al
1983; Mizutani et al, 1918; Nieburgs et al, 1981; Ogata et al, 1981; Pfeifer
et al, 1981) and a number of lymphokine entities were thought to have been
excluded (e.g. ILl, 2,3,4, and IFN). In contrast, recent work (Le, et al.,
1981, 1988, 1990; Galyet al, 1989) indicate that TEC produce ILl, IL6, CSF­
GM and CSF1. It remains to be determined which other factors are produced by
TEC. To our thinking, the production of ILl by TEC and IA+ dendritic cells
is a central event in their contribution to T cell development for the reasons
outlined above.

In addition, a variety of other interleukins (IL3, IL4, IL6 and GM-CSF)
may be capable of modulating T cell development at different stages. These
observations imply that many substances act collectively in promoting T cell
development and function. They provide the basis for speculating that
interleukins, particularly ILl and IL2, act as "signals from the periphery"
circulating via blood to the thymus to promote a series of maturational steps
of inmature T cells leading to replenishment of peripheral pool with new,
functionally mature T cells.

In order to test the prediction that these substances could promote T cell
development in vivo we employed three T cell-deficient animal models; athymic
nude mice, neonatal mice and aged, hydrocortisone treated mice. The athymic
mouse has few T cells which bear Thy 1.2 surface markers and respond to Con
A. It is not clear whether the few T cells which develop in these mice do
so extrathymically or via interaction with thymic epithelial remnants known
to exist in them (Ikehara, et al., 1984, 1981). Previous experiments
suggested that thymic hormones could reconstitute functional T cells in these
mice (Ikehara, et al., 1915). OUr own experience (Hadden, et al, 1989b) is
that prolonged treatment of these mice with thymosin fraction V, mixed natural
lymphokines and recombinant IL2 (rIL2) yields no significant effect to induce
T cells. After 12 weeks of treatment, only a thymus graft restored functional
T cells. While interleukins enhanced inmature T cell proliferative responses,
we have concluded that interleukins cannot bypass the thymus to yield T cell
development.

Neonatal mice « 10 days) have less than 5% Thy 1-positive T cells in
their spleens and these cells have a low level of Thy 1 expression. Responses
to Concanavalin A (~ IL2) are less than 10% of the adult response. We (Hadden
et al, 1989) found that 5 day treatment of these mice with mixed lymphokine
preparation (but not rIL2 or thymic hormones as thymosin fraction V) doubles
the number of Thy 1.2+ cells and the Con A (~ IL2) proliferative responses of
their spleen cells.

Using a similar protocol (Hadden, et al., 1991), we treated aged mice (12+
months) with 5mg hydrocortisone to further reduce the age-dependent decline
of thymus and spleen size. Treatment for 5 days with mixed interleukins
(BCIL), but not rIL2 or thymosin fraction V, restored the spleen and thymus
weights and cellularity to somewhat greater than pre-treatment levels (Figure
1) BCIL (but not rIL2 or thymosin fraction V) augmented significantly
thymocyte proliferative responses to rILl, rIL2, and BelL in vitro (Figure
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treated mice (BCIL) received mixed interleukins (50 units IL2 equivalence)
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Figure 2 and 3
In the same protocol as Figure 1, mice were treated day 2-6 with saline
(Con), BC-IL; thymosin fraction V (TF)(100 ug day i.p.) or the combination
of BC-IL and TF. In vitro proliferative responses of thymocytes to rILl
(lng/ml), rIL2 (2 units/ml), or BC-IL (2 units IL2 equivalence/ml) (Figure
2) or to Con-A (1.5 ug/ml) (Figure 3) were measured in vitro by thymidine
incorporation (CPM).
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2) and to Con A (Figure 3). Thymosin fraction V, while inactive alone,
significantly potentiated the effects of BC-IL on thymocyte responses to
interleukins (Figure 2) and Con A (Figure 3).

The results of these models are supportive of the notion that interleukins
(particularly ILl and 11.2 in synergy) can act in an endocrine manner (i.e.,
they can be injected in one site and they will circulate and act distally)
to enhance the evolution of T cells by marker and functional criteria when a
thymus is present and that the presence of interleukins and thymic hormones
potentiate T lymphocyte evolution.

The tentative conclusions from this review are that while the thymus
provides the endocrine milieu through its secretion of thymic hormones and
the informational microenvironmental through cellular contacts, the primary
signals for T cell development derive from interleukin hormonal messages to
repopulate the periphery based upon the need for replenishment. It seems
logical to employ mixed interleukins in conjunction with thymic hormones in
those with thymic involution and T cell immunodeficiency to restore T cell
number and function.
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INDUCING IMMUNITY TO HUMAN MELANOMA CELLS: OPENING THE BAG

OF IMMUNOLOGICAL TRICKS

David Berd

Thomas Jefferson University
Philadelphia, PA

Successful immunotherapy of human cancer requires the induction of a cell­
mediated immune response to weakly immunogenic tumor-associated antigens. To
accomplish that aim, we have used two immunological strategies, each of which is
based on well-established findings in experimental animals.

First, we tested the cytotoxic drug, cyclophosphamide (CY), which augments
immunity by inhibiting suppressor T cell function (Maguire and Ettore, 1967). We
treated 64 patients with metastatic melanoma using a melanoma vaccine preceded by
low dose CY and monitored immunological effects and ~ti-tumor activity (Berd et al,
1991). On day 0, the patients were given CY 300 mg/M IV. 1J1ree days later, they
were injected intradermally with vaccine consisting of 10-25x1O autologous,
enzymatically-dissociated, cryopreserved, irradiated (2500 R) tumor cells mixed with
BCG. This treatment sequence was repeated every 28 days. Prior to receiving
vaccine, and at various times afterward, they were tested for DTH to autologous
melanoma cells and to control materials. Patients were continued on the study until
there was clear evidence of progression of metastatic disease or until the supply of
vaccine was exhausted. The number of vaccine treatments administered per patient
ranged from 2 to 16, with a median of 5.

The vaccine was prepared by a modification of the method of Peters et al (1979).
Freshly excised tumor masses were trimmed of skin, fat, and necrotic tissue and
minced in cold HBSS (M.A. Bioproducts, Bethesda, MD). Cells that were released
into the medium by mechanical dissociation were put aside, stored separately, and used
for skin-testing. The minced tumor pieces were placed in an enzyme solution,
consisting of collagenase (from Clostridium sp.) and deoxyribonuclease (DNAse;
bovine) (Sigma Chemical Co., St. Louis, MO), and dissociated as described previously
(Berd et al, 1986). Tumor cells were suspended in freezing medium, consisting of
RPMI 1640 with 10% dimethylsulfoxide and either 10% pooled human AB+ serum or
1%human albumen without antibiotics, and frozen in a controlled rate freezer (Union
Carbide, Indianapolis, IN) and stored in the liquid phase of liquid nitrogen until
needed. Fetal bovine serum was not used. On the day that a patient was to be skin­
tested or treated, the cells were thawed, irradiated to a dose of 2500 R, washed, and
resuspended in HBSS at an appropriate concentration. The vaccine consisted of 10­
25xl<fenzyme-dissociated, trypan blue-excluding tumor cells suspended in 0.2 ml
HBSS to which were added BCG, 0.1 rnl (approximately 0.8-2.6x106 viable organisms)
(Glaxo, Research Triangle Park, NC). The mixture was injected intradennally in three
adjacent sites on the upper arms or legs; limbs ipsilateral to a lymph node resection
were not used.
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The patients were skin-tested with each of the following materials: 1)1x106
melanoma cells dissociated mechanically, i. e., not exposed to enzymes; 2)3xl06
autologous peripheral blood mononuclear cells, that had been separated on Ficoll­
metrizoate (Histopaque; Sigma Chemical Co., St. Louis, MO) and cryopreserved as
described for the melanoma cells; 3)PPD (Connaught Laboratories, Willowdale,
Ontario, Canada); 4)microbial recall antigens, trichophyton, candida (Hollister-Stier,
Spokane, WA) and mumps (Connaught Laboratories); and 5)collagenase and DNAse,
separately or mixed, each at a concentration of 1 ug/m1 (the highest concentration that
did not produce a skin reaction in untreated patients). In the beginning of the study,
we suspended the cells in HBSS containing the pH indicator, phenol red. After finding
evidence in one patient that the phenol red was itself immunogenic, we used only HBSS
without phenol red for the duration of the study. At no time were cells used for skin
testing exposed to fetal bovine serum. DTH reactions were determined at 48 hours by
measuring the largest diameter and right-angles diameter of the area of induration and
calculating the mean.

Standard criteria for determining anti-tumor responses were used: l)complete
response = complete regression of all clinically evident metastases for at least 3
months; 2)partial response = at least 50% reduction in the mean diameter of a
metastatic lesion without growth of other tumors or development of new metastases for
at least 3 months; 3)delayed response = partial or complete response of metastases that
did not appear until after immunotherapy had been started. Patients with stable
metastases or tumor regression that did not meet these criteria were categorized as non­
responders.

Of 40 evaluable patients with measurable metastases, 5 had responses - 4
complete and 1 partial - with a median duration of 10 months (7-84+ months). In 6
additional patients we observed an anti-tumor response that seems to be peculiar to this
vaccine therapy - the regression of metastatic lesions that appeared after the
immunotherapy was begun. This type of regression was observed only in subcutaneous
and lymph node metastases and in 3/6 patients it occurred in two or more tumors. In
one case, the regression of two tumors was preceded by the development of intense
erythema and swelling in the subcutaneous tissue around them. Resolution of the
inflammatory response and disappearance of the tumor mass (one tumor was excised)
occurred over 2-3 weeks. Tumors that regressed completely never recurred, although
all these patients eventually died of metastatic disease.

The toxicity of this immunotherapy was mild. A local inflammatory response
developed at the vaccine injection site. This consisted of a papule that became
ulcerated and drained small amounts of clear fluid with healing by 3-4 weeks after the
injection. About 25% of the patients had mild nausea or vomiting following the first
dose of CY, and that proportion increased to about 50% with subsequent doses. In
most cases, oral prochlorperazine was sufficient to control emesis. No patients
developed fever, chills, or malaise, nor did any develop clinical symptoms, such as
arthralgias, suggesting auto-immunity. There were no significant changes in blood
counts, routine serum chemistries or anti-nuclear antibody titers.

Delayed-type hypersensitivity (DTH) to autologous, mechanically-dissociated
melanoma cells that had not been exposed to extraneous antigens, such as enzymes or
fetal calf serum, increased significantly following immunotherapy (day 0 vs. day 49,
p< .001; day 0 vs. day 161, p< .001; day 0 vs. day 217, p=.021). Overall, 26/43
patients (61 %) exhibited a 5 mm or greater DTH response to autologous melanoma
cells at some time point.

In our initial vaccine study (Berd et al, 1986), we found that CY-pretreated
patients who were immunized with enzymatically-dissociated tumor cells developed
strong DTH responses to those enzymes, i.e., collagenase and DNAse; this rendered
difficult the interpretation of DTH responses to enzymatically-dissociated cells and
necessitated our use of mechanically-dissociated cells for skin-testing. We have

186



confirmed that finding: Of 24 patients tested for DTH with a mixture of collagenase
and DNAse (each at 1 ug/ml) after two vaccine treatments (day 49),21 (88%) had
responses >5mm. In seven patients who were skin-tested with each enzyme
separately, DTH responses to collagenase were greater than to DNAse (mean difference
± SE: 6.7 mm ± 2.3; p< .05); this difference was expected since collagenase is of
bacterial origin and DNAse is bovine.

Anti-tumor responses to the vaccine were strongly associated with DTH, as
indicated by three observations: 1)8/10 patients who exhibited tumor regression had
positive DTH. 2)In post-surgical adjuvant patients, there was a highly significant
linear relationship (p < .001) between the intensity of DTH to autologous melanoma
cells and the time to recurrence of tumor. 3)Nine patients who developed DTH to the
autologous melanoma cells in their original vaccine developed new metastases that
failed to elicit DTH or elicited a much smaller response.

In three cases we were able to excise regressing tumors for histological
examination; regressing tumors were characterized by an intense infiltration of
lymphocytes with, in some cases, focal tumor cell necrosis. Metastatic tumors excised
from these patients before immunotherapy consisted of homogeneous masses of
malignant cells without significant lymphocytic infiltration.

To increase the efficiency of the immunization process, we have more recently
added a second manipulation: conjugation of the tumor cells to the hapten,
dinitrophenyl (DNP). This approach is based on the idea that presentation of tumor
antigens in the context of a strongly immunogenic hapten augments the development of
immunity to those antigens (Mitchison, 1970; Fujiwara et al, 1984). After being
sensitized to DNP by topical application of DNFB (dinitrofluorobenzene), patients were
injected with DNP-vaccine every 28 days following pretreatment with low dose CY.
The vaccine induced a striking inflammatory response in superficial metastases in 14/24
patients, consisting of erythema, swelling, warmth, and tenderness over tumor masses.
Immunohistochemistry and flow cytometric analysis of biopsy specimens showed
marked infiltration with lymphocytes, the majority of which were CD8+,HLA-DR+ T
cells. Preliminary data suggest that these T cells are cytotoxic for autologous
melanoma cells.

These studies indicate that an immune response to melanoma-associated antigens
can be elicited in cancer-bearing patients and provide some basis for optimism about
the prospects for developing active immunotherapy that has practical therapeutic value.
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IMMUNE MEDIATED TUMOR DESTRUCTION: CHALLENGES FOR THE 1990's
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INTRODUCTION

Numerous experimentally induced tumor models, studied in murine
systems, have indicated that successful approaches towards the immune
eradication of neoplasms should be a clinical possibility. Central
to many of these therapeutic approaches in mice are distinct roles
for T lymphocytes, able to mediate antigen specific "major histo­
compatibility complex (MHC)-restricted" recognition of tumor cells,
as well as natural killer (NK) cells, able to destroy certain tumors
in a less specific way, and without requiring the recognition of MHC
molecules. Despite the myriad of algorithms enabling effective tumor
destruction in vitro or in mice utilizing these immune cell popula­
tions, successful application of these principles in patients has
been possible only in the past f~w years. Immune mediated destruc­
tion of tumors directly in patients, apparently by activated lympho­
cytes, has now been reproducibly documented utilizing a number of
clinical regimens. Even so, the majority of patients receiving these
approaches do not show measurable clinical benefit. Thus, substan­
tial improvement is required to enable practical and effective wide­
spread application of these immunologic principles to patients with
otherwise refractory cancers.

Current innovations involve combining distinct components of
these treatments together into regimens hoped to be more effective.
The many excellent presentations at this important symposium on
combination therapies are reviewing numerous innovative approaches
being pursued internationally in preclinical and clinical models.
Thus, the purpose of this report is to focus on those preclinical and
clinical findings from our own research team rather than comprehen­
sively reviewing the vast accumulating information in this important
and growing field.

CLINICAL EVIDENCE FOR LYMPHOCYTE INDUCED TUMOR CONTROL-THE "GRAFT VS.
LEUKEMIA" EFFECT

Following extensive analyses of murine allogeneic bone marrow
transplant (BMT) results, a clear clinical association between graft
vs. host disease and prevention of leukemic relapse has been noted. 1
Analyses of International Bone Marrow Transplant Registry data indi­
cate that graft vs. host disease (GVHD) itself is associated with a
measurable "anti-leukemic" effect. Even without any clinically
detectable GVHD, recipients of allogeneic BMT have less leukemic
relapse than recipients of syngeneic BMT, indicating a role for some
allorecognition event. Furthermore, individuals receiving
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"unmanipulated" allogeneic BMT, who do not have clinically evident
GVHD, also have less leukemic relapse than the recipients of T cell
depleted allogeneic BMT, indicating an important role for T cells in
the "antileukemic" effect.

A number of biologic mechanisms could account for these obser­
vations. Leukemia specific T lymphocytes may be playing a role.
Alternatively, T lymphocytes specific for alloantigens might be
recognizing a variety of leukemic and nonleukemic cells, but having a
quantitatively greater destructive effect on leukemia cells because
of their potentially greater susceptibility. Separate mechanisms
could involve immune release of cytokines such as interleukin-2
(IL-2), to activate a variety of nonspecific cell populations (such
as NK cells, macrophages, etc.). Despite the clear evidence for a
graft vs. leukemia effect in the clinical BMT setting, it has been
difficult to characterize in individual patients the mechanism of the
"GVL effect" or to quantitate whether a "GVL reaction" is underway.2

T CELL REACTIVITY TO HUMAN CANCERS

Attempts to dissect immune reactivity to human tumors have been
pursued with in vitro analyses. Many attempts to identify "tumor
specific" T cells have yielded lymphocytes that may destroy autolo­
gous or HLA identical tumor cells, but also destroy certain other
tissues, reminiscent of the LAK (lymphocyte activated killer)
phenomenon of activated NK cells that do not mediate the immunologi­
cally exquisite specificity of alpha/beta MHC restricted T cells. 3
While exceptions do exist for certain individual patients,4 for most
neoplasms, reproducible tumor specific T cells reactive with autolo­
gous tumor have been difficult to document. A clear exception to
this rule is that of metastatic melanoma where several laboratories
have shown peripheral blood lymphocytes or tumor infiltrating lympho­
cytes from certain patients appear to be tumor specific MHC re­
stricted T cells. S Even so, analyses of T cell receptor genes within
tumor infiltrating lymphocytes of melanomas indicates that the de
novo immune response is not a potent expansion of a single tumor
reactive T cell clone. 6

TO further evaluate the "allogeneic" component of the "GVL"
reaction, we have stimulated lymphocytes with leukemia cells from
unrelated allogeneic individuals. These cultures, of course, contain
T cells potently reactive to foreign MHC antigens and thus destroy
both leukemia and remission cells from the sensitizing leukemia
patient.? However, cloning of limiting dilution populations from
these alloactivated cultures has enabled the identification of cell
lines? and clones8 that are potently able to destroy the leukemia
cells in vitro, while causing little or no destruction of the remis­
sion cells from the same patient. In seven of seven leukemia
patients where these alloreactive cultures have been extensively
evaluated, it has been possible to differentiate the "alloreactive"
clones which mediate equal killing of the leukemic and remission
cells, from the "leukemia specific" clones that preferentially
destroy the leukemia cells. These clones are alpha/beta T cells
that, usually, bear the CD4 molecule and appear to be class II MHC
restricted. The nature of the specificity mediated by these clones,
the target antigens recognized by them, and the stability of this
specificity all require further analyses in vitro. If analogous
clones could induce a "GVL" reaction in vivo in murine models,
without causing severe GVH, such in vitro screened allogeneic human
clones could potentially provide a form of allogeneic anti-tumor
reactivity for clinical testing. 9.

NON-MHC RESTRICTED KILLING

Just as cloning of allogeneic T cells enabled differentiation
of effector cells with varying degrees of tumor specificity, we have
taken this approach for analyses of non-MHC restricted effector
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cells,10,11 predominantly NK cells found in peripheral blood lympho­
cytes (PBL). Further analyses of the specificity pattern of dif­
ferent clones that mediate "non-MHC restricted killing" showed a
reproducible pattern of destruction of lymphoma target cells by
gamma/delta T cells vs. NK cells. Specifically, the gamma/delta T
cells destroyed Daudi but not Raji lymphoma cells while the NK clones
destroyed both. 12 These Daudi reactive T cells were virtually all of
the V gamma 9/V delta 2 subtype. 13 Paul Fisch documented that these
Daudi reactive T cell clones also recognized an antigen present in
mycobacterial extract. 14 Furthermore, the same subpopulation of
gamma/delta cells in fresh PBL could respond to Daudi cells or the
mycobacterial extract. 14 Antibody blocking studies and immunoprecip­
itation indicate that these gamma/delta cells are recognizing a mole­
cule on Daudi and in the mycobacterial extract that is immunologi­
cally cross reactive with the GroEL family of heat shock proteins. 14
This observation now raises many intriguing possibilities for the
role of gamma/delta cells and heat shock proteins in a variety of
auto immune and tumor immune reactions.

IN VIVO ACTIVATION OF EFFECTOR LYMPHOCYTES

While in vitro analyses of T cells and NK cells provide insight
as to potential antitumor approaches, it is their antitumor activity
in vivo that is sought. Numerous clinical regimens have been testing
Interleukin-2 as an effector cell activator for in vivo cancer treat­
ment, stimulated by the pioneering work of Rosenberg and colleagues
at the National Cancer Institute. Our clinical testing has focused
on approaches towards in vivo activation of effector lymphocyte
function. IS Well tolerated doses of human recombinant IL-2, given as
single agent therapy, clearly induce in vivo the activation of NK
cells to mediate the LAK phenomenonl6 in an IL-2 dependent manner. l ?
Antitumor responses in patients with renal cell carcinoma and mela­
noma have been observed. 18 ,19 In our studies the addition of
exogenous in vitro activated "LAK cells" does not appear to substan­
tially add to the antitumor effect, while significantly increasing
the toxicity of this otherwise well tolerated IL-2 regimen. 20

Despite the documented antitumor responses observed using a
variety of IL-2 based regimens (with or without LAK cell infusions),
the majority of patients treated do not show measurable antitumor
effects, while virtually all patients show dose dependent IL-2
related immune mediated toxicity. Clearly, murine studies show more
effective immune mediated antitumor effects are usually obtained if
the immune therapy is used in the "micrometastatic" stage, prior to
detection of "bulky" neoplasms. Thus, "adjuvant" testing of these
approaches might show a protective effect that could exceed the
"tumor response rate" in Phase II trials for patients with bulky
refractory disease. Even so, murine and in vitro studies provide
numerous clues to mechanisms whereby the IL-2 induced immune acti­
vation could be further augmented by combination with a variety of
other approaches.

T CELLS

Murine studies document the greater potency of tumor specific T
cells than of "LAK cells" in vivo, when combined with IL-2.
Approaches underway elsewhere are utilizing tumor infiltrating
lymphocytes (TIL) from patients with melanoma in order to expand, for
some patients, in vitro activated populations of cells that appear to
show some degree of tumor specific T cell reactivity.21 Clinical
responses have been observed in some patients treated with such cells
together with IL-2. However, many patients with melanoma, and the
majority of patients with other histologic tumor types, do not
generate in vitro distinct tumor specific T lymphocyte populations
from their TIL populations grown by these methods. 22 Even so, if it
would be possible to activate these same populations directly in
vivo, such an approach would have greater applicability and avoid the
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complex and tedious in vitro TIL expansion.6,22 Several teams are
successfully pursuing in vivo immunization schemes to potentially
expand these same tumor specific T lymphocytes. Intriguingly, single
agent treatment with IL-2, despite anticipated T cell activation,
appears to have a depressive effect on many T cell functions. 23 In
vitro activation with anti CD3 antibody together with IL-2 can cause
a profound T cell expansion. 24 Murine studies25 have shown in vivo
treatment with anti CD3 antibody at low dose can augment antitumor T
cell function; in vitro studies with human lymphocytes from patients
receiving IL-2 corroborate this result. 26 Thus, in vivo treatment
with anti-CD3 may be one additional means to activate endogenous T
cells, possibly in combination with IL-2 or other treatments.
Clinical testing of this possibility is now underway.

COMBINATION WITH MONOCLONAL ANTIBODIES

The toxicity of IL-2 is dose related and directly due to the
activated lymphocytes. Therefore, in order to obtain an improved
antitumor effect without simultaneously causing greater toxicity to
normal tissues, it will be essential to increase the specificity of
the lymphocyte-tumor interaction. Using lymphocytes activated in
vivo by IL-2, the degree of tumor destruction in vitro can be
dramatically enhanced when antibodies having the correct conformation
to enable antibody dependent cell cytotoxicity (ADCC) are added. 27 A
variety of murine and chimeric monoclonal antibodies potent at ADCC
are becoming available for clinical trials. Combining IL-2 with in
vivo infusion of tumor specific antibodies may provide the combined
lymphocyte activation and augmented specificity to allow better tumor
destruction of tumors such as melanoma, and potentially enable
lymphocyte mediated destruction of tumors previously felt unrespon­
sive to in vivo IL-2 therapy, such as breast or lung cancer. 27

COMBINATIONS INVOLVING MULTIPLE AGENTS

Effective cancer treatments are now available for a variety of
malignancies. Particularly in the pediatric setting, combined multi­
modal approaches utilizing surgery, radiation therapy, and combina­
tions of multiple chemotherapeutic agents, are proving effective. 28
Given the complex and constantly changing biologic behavior of
growing neoplasms, it seems unlikely that a single biologic treatment
modality will prove effective for patients with rapidly progressive
malignancies refractory to all other approaches. In fact, it seems
remarkable that any clinical antitumor responses have been observed
using the approaches tested to date. Both clinical and laboratory
models would suggest that integration of combined biologic approaches
having an antitumor effect at the cellular level will be most effec­
tive when integrated into standard treatment regimens. Thus, one
could imagine clinical treatment of an otherwise refractory malig­
nancy to potentially involve the following sequential steps:

1) surgical removal of resectable tumor;

2) local radiation therapy to known non-resectable areas and
to the "tumor field";

3) multi-agent chemotherapy to provide "cytoreduction" of
chemotherapy responsive metastatic malignant cells;

4) hematopoietic supportive therapy (i.e. autologous stem
cells or recombinant colony stimulating factors) to
prevent severe myelosuppression and facilitate initiation
of immunologic therapy;

5) combined "immunologic" therapy utilizing:

a) effector cell activators (IL-2); b) modifiers (such
as interferon or tumor necrosis factor) to modify
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susceptibility of tumor cell to immune destruction
and increase expression of surface membrane antigens
and adhesion molecules that might influence antibody
or lymphocyte binding; c) infusion of a "cocktail" of
biologically distinct monoclonal antibodies, each
binding to different "tumor selective" antigens on
the tumor cells, and able to either facilitate
lymphocyte destruction of tumor, or deliver drug or
toxin to tumor;

6) initiate an "immunization" regimen with purified "tumor
antigen" to activate protective endogenous immunity able
to prevent subsequent recurrence.

Obviously, each of the steps in the above scenario involves
multiple variables, any of which could have a major impact on the
ultimate efficacy of the approach. However, because the antitumor
efficacy of the individual components of this "combined approach"
might not be dramatic or easily measured in clinical trials, it will
be important to test these variables in protocols combining these
distinct approaches. 29 Clearly the biologic reagents are becoming
available, and "current standard therapy" is not effective for all
too many patients with malignancies. Close interactions between
clinical research teams, biotechnical companies providing reagents,
and federal regulatory agencies enabling the combined clinical
testing of reagents from a variety of sources, are absolutely
essential in order to make these important large steps during the
current decade.
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ABNORMAL IMMUNOREGULATION IN HUMAN CANCER AT THE ACTUAL TUMOR SITE

Jules E. Harris and Donald P. Braun
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INTRODUCTION

Studies evaluating the function of monocytes and macrophages in animal and

human tumor systems have revealed that these cells can play diverse, and

oftentimes, conflicting roles in tumor growth. Thus, macrophages may

contribute to tumor control by exerting antiproliferative or cytotoxic

responses (1-3), but may also facilitate tumor cell embolization and

metastasis (4,5). Macrophages also playa principal role in modulating the

development and expression of antitumor immunity by other cell types

including T cells, NK cells and LAK cells (6-9). Once again, however, this

effect can be positive (i.e. promoting the development of antitumor

immunity) or negative.

Recently, efforts have been made to control the function of macrophages

from cancer patients in vivo through the use of biological response

modifying agents. Preliminary results from these trials have demonstrated

that macrophage function can be modulated in vivo, albeit with inconsistent

and unpredictable results (10-13). But these studies are just beginning

and a number of obstacles remain to be overcome. One of the key obstacles

that has yet to be adequately addressed is the question of how biological

response modifiers influence the function of macrophages that are actually

located at the tumor site. The purpose of the present investigation was

to evaluate the development of tumoricidal function in response to

different macrophage activators in alveolar macrophages (AM) from lung

cancer patients and in peritoneal macrophages (PM) from ovarian cancer

patients.
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METHODS

1. Patient population. The lung cancer patient population which provided

alveolar macrophages and peripheral blood monocytes for these studies

consisted of 25 patients with non-small cell lung cancer (15

adenocarcinomas, 8 squamous cell carcinomas and 2 large cell

undifferentiated tumors) together with 30 patients with non-malignant lung

diseases (primarily patients with chronic inflammatory lung diseases or

chronic cough, no acute inflammatory diseases or sepsis). In addition,

15 patients with epithelial ovarian carcinomas and 22 patients with

endometriosis provided peritoneal macrophages and peripheral blood

monocytes for these studies. All patients were tested at initial clinical

presentation prior to initiation of definitive therapy.

2. Macropha~e activation and tumoricidal function. The method used to

evaluate the development of tumoricidal function in AM, PM and PBM from the

study population is as we have previously described (14) Briefly: Alveolar

fluids, peritoneal fluids, and peripheral blood were subj ected to

isopycnic gradient centrifugation on Lymphocyte Separation Medium to obtain

mononuclear cells. The percentage of monocytes and macrophages was

estimated in the sample by latex ingestion. Subsequently, macrophages were

isolated by a 2 hour adherence to plastic microtiter wells, followed by

extensive washing to remove non-adherent cells. Adherent cell cultures

were then stimulated with different macrophage activators overnight,

followed by washing to remove the activators. Next, 51Cr-labelled Chang

Hepatoma cells, an NK-insensitive target cell were added in the presence

and absence of endotoxin and the cells were cultured for an additional 24

hours. Finally, supernatants were harvested and 51Cr-release determined.

RESULTS

1. The development of tumoricidal function in AM and PBM from patients with

mali~nant and non-mali~nant lun~ diseases.

AM from lung cancer patients did not develop significant tumoricidal

function in response to gamma IFN + LPS, GM-CSF or Phorbol Myristate

Acetate under conditions which elicited significant tumoricidal function

in the corresponding PBM from these patients (Table 1). The difference

between AM and PBM for each activator was statistically significant at the

p<O.OOl level. The failure of AM from lung cancer patients to develop

tumoricidal function was not due to a general impairment of responsiveness

to these activators by alveolar macrophages. Thus, AM from control (non­

cancer) patients can be activated by gamma IFN+LPS or GM-CSF to express

substantial tumoricidal activity.
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The difference in tumoricidal function in AM from cancer patients and AM

from controls for each of these activation conditions was statistically

significant at the p<O.Ol level.

Table 1. Alveolar Macrophage (AM) and Peripheral Blood Monocyte (PBM)

Cytotoxicity in Patients with Lung Diseases

ACTIVATOR

Medium

'Y-IFN+LPS

GM-CSF

PMA

NON-SMALL CELL LUNG CANCER

NUMBER AM' PBM

15 2.9±3 l8.8±14 p<O.OOl

15 6.4±4 43.6±20 p<O.OOl

12 4.6±3 27.4±15 p<O.Ol

5 3.4±4 35.3±12 p<O.Ol

NON-MALIGNANT LUNG DISEASES

MEDIUM 14 l4.2±13 l5.8±8 N.S.

'Y-IFN+LPS 14 26.0±12 42.0±15 P<0.05

GM-CSF 6 21. 6±15 25.6±11 N.S.

'mean % cytotoxicity ± standard deviation

2. The development of tumoricidal function in PM and PBM from patients with

malignant and non-malignant gynecological diseases. The Tumoricidal

function of PM from ovarian cancer patients was significantly reduced

compared to the tumoricidal function of the PBM from the same patients.

This was true for both gamma IFN + LPS and for GM-CSF under conditions

which elicited enhanced tumoricidal function in the corresponding PBM from

these patients (Table 2).

Table 2. Peritoneal Macrophage (PM) and Peripheral Blood Monocyte (PBM)

Cytotoxicity in Patients with Gynecological Diseases

OVARIAN CANCER

ACTIVATOR NUMBER PM' PBM

MEDIUM 10 l2.3±9 22.9±12 p<O.05

'Y-IFN+LPS 10 l4.4±10 37.7±11 p<O.02

GM-CSF 4 l4.8±8 27.3±12 p<0.05

ENDOMETRIOSIS

MEDIUM 16 l7.8±12 25.2±9 N.S.

1-IFN+LPS 16 28.2±17 44.4±2l N.S.

'mean % cytotoxicity ± standard deviation
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The failure of PM from ovarian cancer patients to develop enhanced

tumoricidal function was not due to a general impairment of responsiveness

to these activators by PM. Thus, PM from endometriosis patients can be

activated by gamma IFN+LPS to express significantly enhanced tumoricidal

activity. The difference in tumoricidal function in PM from ovarian cancer

and endometriosis patients for IFN + LPS was statistically significant at

the p<O.02 level.

3. The effect of Indomethacin, a prostaglandin antagonist, on the

development of tumoricidal function in AM and PM from cancer patients.

These studies were based on our previous demonstration of the regulatory

effects of prostaglandins on different aspects of macrophage function (9).

The results of these studies demonstrated that the prostaglandin

antagonist, indomethacin, could significantly enhance the development of

tumoricidal function in the PM from ovarian cancer patients but not in the

AM from lung cancer patients (Figure 1).

t"emoneaJ Macropnages
(N = 7)

r<O'n~"'7""7'7"?'"::l"":l
Alveolar Macrophages

(N = 12)
r----- N.S.-----,

30

25

20

15

10

5

O....L...J~""'""'''''''''4....--.I'.''''''''''''''''''~---l"'''''''~''''''''oIL-.........~""'"'~

% Cytotoxicity
EfT =20/1

-Indomethacin +Indomethacin -Indomethacin +Indomethacin

Figure 1. The Effect of Indomethacin on Tumoricidal Function in IFN­

Treated Alveolar and Peritoneal Macrophages from Cancer Patients

4. The development of tumoricidal function in AM and PM treated with anti­

lymphocyte antibodies. Although the adherent cells used in these studies

were greater than 95% positive for latex ingestion and macrophage

morphology, the possibility that a minor contaminating cell population was

downregulating the response to the macrophage activators was considered.

Accordingly, adherent macrophage cultures were treated with antibodies

against T cells (anti-CD3+) or NK cells (anti-CDS6 and anti-CDS7) (Table

3). The initial results demonstrated that treatment with anti-CD3

antibodies + complement significantly augmented the development of

cytotoxicity in non-cytotoxic alveolar macrophages from lung cancer

patients and ovarian cancer patients whereas treatment with anti-CDS6 or

anti-CDS7 antibodies failed to do so. We interpreted that to indicate that
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a CD3+ cell was inhibiting the development of cytotoxicity in tumor­

associated macrophages from cancer patients. However, control cultures

revealed that complement was not needed for the augmentation of

cytotoxicity by anti-CD3 monoclonal antibodies nor was stimlation with 1­

IFN. Thus, it appeared that the elimination of a CD3+ cell might not have

been responsible for the augmentation of tumoricidal function seen in anti­

CD3-treated macrophages, and additional studies were needed.

Table 3. The Effect of Anti-Lymphocyte Antibodies on Tumoricidal Function

of Alveolar Macrophages From Lung Cancer Patients

p<O.OI

p<O.OI

CULTURE CONDITIONS

1-IFN

1-IFN + ANTI-CD3 + COMPLEMENT

1-IFN + ANTI-CD56+ COMPLEMENT

1-IFN + ANTI-CD57+ COMPLEMENT

1-IFN + ANTI-CD3

MEDIA + ANTI-CD3

COMPLEMENT

NUMBER

4

4

2

4

3

4

3

% CYTOTOXICITY!

6.4± 2

28.8± 4 p<O.OI

6.7± 2

7.8± 3

26.6± 2

28.6± 4

7.2± 6

lmean % cytotoxicity ± standard deviation

Thus, further attempts were undertaken to characterize the ability of anti­

CD3 monoclonal antibodies to augment macrophage tumoricidal function

(Figure 2). In these studies, augmentation of tumoricidal function was

observed in tumor-associated macrophages that had been treated with

monoclonal anti-CD3 antibodies of the IgG2a isotype but not with anti-CD3

antibodies of the IgGI isotype.

Peritoneal Macrophages
(N =3)

r-P<O.OS----,

Alveolar Macrophages
(N =4)

r-p <0.01-,

Without
Antibody

30

25
% Cytotoxicity

EfT =20/1 20
15

10

5

o......""'-':...6.0'-'-...K.~""""' .......~......
IgG1 IgG2a Without IgG1

Anti-CD3 Anti-CD
3

Antibody Anti-CD3

Figure 2. The Effect of Anti-CD3 Mouse Monoclonal Antibodies on

Tumoricidal Function in Alveolar and Peritoneal Macrophages from Cancer

Patients
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This result was seen for both AM from lung cancer patients and PM from

ovarian cancer patients. Based on these somewhat unexpected results, it

appears that activation through the FC1-RI receptor on tumor-associated

macrophages, which binds mouse IgG2a antibodies, is responsible for the

augmentation of tumoricidal function observed and not the elimination of

a CD3+ cell type. Furthermore, these results also suggest that IgGl

binding through the FC1-RII receptor on macrophages does not activate or

augment tumoricidal function in alveolar or peritoneal macrophages.

Peritoneal Macrophages

Alveolar Macrophages

.- p< 0.006 ----.

30

25

20
%Cytotoxicity

15
Err= 20/1 10

5
o.LJ~:LL..::I....-~;a;;_.JLL:LL.a..

Without Autologous Allogeneic Without Autologous Allogeneic
Lymphocytes Lymphocytes Lympnocytes Lym~hocytes Lymphocytes Lymphoctes

(N =8) (N =3) (N =8) ( =7) (N =3) (N =7)

Figure 3. The Effect of Allogeneic or Autologous Lymphocytes on The

Development of Tumoricidal Function in IFN-treated Alveolar Macrophages and

Peritoneal Macrophages from Lung Cancer and Ovarian Cancer Patients

5. The development of tumoricidal function in AM and PM treated with

allogeneic lymphocytes. The possibility that critical regulatory factors

necessary for responsiveness to macrophage activators are deficient in

macrophages obtained from tumor microenvironments was also cons ide red .

Accordingly, attempts to add such factors during the "priming" phase of

macrophage activation were undertaken. Initially, and primarily for

convenience, allogeneic lymphocytes from normal donors which could be

purified and cryopreserved were used. This proved to be fortuitous since

allogeneic lymphocytes were found to significantly increase the development

of tumoricidal function in AM or PM from cancer patients. Somewhat

surprisingly, autologous lymphocytes from lung cancer or ovarian cancer

patients were unable to augment tumoricidal function in tumor-associated

macrophages. The results of these studies are presented in Figure 3.
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CULTURE CONDITIONS

MEDIA

"Y-IFN+LPS

"Y-IFN+LPS+INDOMETHACIN

"Y-IFN+ALLOGENEIC LYMPHOCYTES

Subsequent studies (not presented) were undertaken which have demonstrated

that:

1) Allogeneic lymphocytes cultured with activators in the absence of

macrophages do not exhibit cytotoxicity against the NK-insensitive, Chang

Hepatoma cell line;

2) Antibody + complement treatment to remove residual allogeneic

lymphocytes following cocultivation with macrophages did not reduce the

augmented cytotoxicity elicited in tumor-associated macrophages; and

3) Supernatants from cocultures of alveolar macrophages + allogeneic

lymhocytes also can potentiate the development of tumoricidal function in

alveolar macrophages from lung cancer patients.

These results provide further evidence that the cytotoxicity which has been

elicited in cocultures of tumor-associated macrophages and allogeneic

lymphocytes is due to the macrophages themselves, and not to residual

lymphocytes.

6. Attempts to au~ment the development of tumoricidal function a~ainst

auto~lous tumors. In a limited number of cases, the strategies for

augmenting the tumoricidal function of tumor-associated macrophages have

been tested against autologous tumor cells from ovarian cancer patients.

The results of an experiment which is representative of results with 3

ovarian cancer specimens is presented in Table 4. Treatment of peritoneal

macrophages with either allogeneic lymphocytes or the cyclooxygenase

inhibitor indomethacin significantly augmented tumor cell cytotoxicity

against both the Chang hepatoma targets, and against the patient's own

tumor cells. The possibility that these 2 different activation strategies

may synergize to produce even greater levels of autologous tumoricidal

function in peritoneal macrophages from ovarian cancer patients is

currently being evaluated.

Table 4. The Effect of Indomethacin or Allogeneic Lymphocytes on the

Development of Autologous Tumor Cell Cytotoxicity in Peritoneal Macrophages

% CYTOTOXICITY

CHANG HEPATOMA AUTOLOGOUS TUMOR

2.1 3.4

3.5 5.8

23.3 19.1

15.9 14.7
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DISCUSSION

The results of this investigation demonstrate that the tumoricidal function

of AM from lung cancer patients or PM from ovarian cancer patients is

reduced significantly compared to the tumoricidal function of the

peripheral blood monocytes from the same patients. This was consistent for

macrophages stimulated with multiple conventional macrophage activators and

under diverse culture conditions. The impaired development of tumoricidal

function in tumor-associated macrophages was not due to a general inability

of these activators to stimulate tumoricidal function in AM or PM since the

same activation conditions elicited significant tumoricidal function in AM

or PM from patients with non-malignant diseases. However, significant

tumoricidal function could be elicited in tumor-associated macrophages from

cancer patients by several novel activation strategies including (i)

suppression of cyclooxygenase activity with indomethacin (PM but not AM);

(ii) allogeneic cell stimulation during priming (PM and AM); and (iii)

treatment with murine IgG2a, anti-CD3 monoclonal antibodies (PM and AM).

These strategies which were developed using an NK insensitive target cell

line were also found to be effective in potentiating the development of

autologous tumoricidal function in the PM from ovarian cancer patients.

The results suggest that the failure of conventional macrophage activators

to stimulate tumoricidal function in tumor-associated macrophages is not

due to an intrinsic deficiency in these cells. Rather, it appears that

abnormal immunregulation in tumor microenvironments is responsible for this

failure. The alternative activation strategies which were developed during

the course of this investigation appear to overcome abnormal

immunoregulation and permit the development of significant tumoricidal

function. This result suggests that these alternative activation

strategies may utilize different signal transduction pathways or elicit

different cytokine responses in tumor-associated macrophages than are

stimulated by conventional biological response modifiers currently in use

for cancer therapy. It is possible that these alternative activation

strategies may be exploited therapeutically for the treatment of human

malignant disease.
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THE IMMUNOBIOLOGY OF HUMAN MACROPHAGE FCy RECEPTORS

Alan D. Schreiber, Arnold I. Levinson, Milton D. Rossman

The University of Pennsylvania SChool of Medicine
Philadelphia, PA

At least three biochemically distinct FCy receptor classes have been described on
human cells. These receptors have been designated FeyRI, FeyRlI and FCyRIII. They are
membrane glycoproteins with extracellular domains that contain immunoglobulin-like
regions. Therefore, they are members of the immunoglobulin gene superfamily. They
appear to be located on human chromosome 1 and may have arisen from gene duplication.
All three FCy receptors are present on the surface of human macrophages.

FeyRI (CD64) was initially isolated from a human monocyte/macrophage cell line
as a 72 kD glycoprotein (1). Equilibrium binding studies with monomeric IgG indicated
that human FCyRI binds monomeric IgG with high affinity (2-8) and subclasses IgG1 and
IgG3 with higher affinity than IgG2 and IgG4 (9-13). Similar FCyRI IgG isotype
specificity appears to be present on inflammatory peritoneal macrophages and the
monocyte cell line U-937 (6,12).

The Fc domain recognized by FCyRI is localized to the IgG CH2 region. FeyRl also
binds relatively specifically to monomeric mouse IgG of the subclass IgG2a. Several
monoclonal antibodies have been iolated which recognize distinct epitopes on FCyRI (14­
16) .

The gene for human FCyRI has recently been cloned (11). The extracellular
region of FCyRI consists of three immunoglobulin-like domains, two of which share
homology with other F~ receptors. This unique third domain is likely responsible for
the ability of FCyRI to bind monomeric IgG and to exhibit high affinity. Transfection
studies in COS cells reveal a single species of approximately 70 kD. Northern blot
analysis with an FCyRI DNA probe demonstrates a single 1.7 kb RNA transcript in
monocytes and macrophages. In U-937 cells, both a 1.7 kb and 1.6 kb transcript have
been noted, each of which increases following incubation with y-interferon.
Polymorphisms have been observed among FCyRI cDNAs obtained from a single patient,
suggesting that there may be more than one gene encoding FCyRI. The predicted
polypeptide sequence shows a hydrophobic signal sequence, a 21-residue hydrophobic
transmembrane region and a charged cytoplasmic domain. Recent evidence indicates that
there are two FeyRl genes.

Our data indicate that both y-interferon and glucocorticoids modulate the
expression of FeyRI (3,17,20). In addition, Northern blot analysis reveals that the
steady state levels of mRNA are influenced by these two mediators (19-20). Our
hypothesis is that the interaction of glucocorticoid hormone with its receptor (a DNA
binding protein) may decrease FCyRI mRNA levels by inducing a gene regulatory protein
which differentially affects the transcription of FCyRI. Alternatively, glucocorticoid
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hormone interaction with its DNA binding protein receptor may lead to an association
with FCyRI DNA. This in turn could regulate the binding and/or activation of FCyRI RNA
polymerase. One possibility is that binding to or activation of RNA polymerase on FCyRI
DNA is inhibited by glucocorticoids. With y-interferon, the effect of RNA polymerase on
FeyRl transcription may be enhanced.

Since monocytes and macrophages are exposed to high concentrations of
circulating IgG, under most circumstances FCyRI is likely saturated with IgG monomer.
Thus, the raison d'etre for FCyRI is at present uncertain. However, a compelling
argument for the importance of FeyRl can be made by the ease with which the number and
the density of these surface receptors are modulated. Interferon-y will increase both the
number and the surface density of FCyRI on monocytes (17,21-24). An increased
number of FCyRI appears within 8-12 hours and persists for at least 7 days. The
increase in FCytll due to y-interferon has been demonstrated both by immunofluorescent
and monomeric IgG binding studies. Interferon-a and -~ appear to have little or no effect
on macrophage FeyR1 (23).

FCyRII (CD32) was initially isolated by affinity chromatography using anti-FCy
receptor antibody (1). Anti-FCyRIl monoclonal antibody (25) immunoprecipitated a 40
kD protein present on monocytes, neutrophils, platelets, B-cells, and several
hematopoetic cell lines. FcyRll does not bind monomeric IgG, but binds oligomeric IgG
with low affinity (association constant for trimeric IgG = - 1x1 07M-1) (26). Murine
immunoglobulin isotypes IgG1 and IgG2b bind to FCyRIl with relative specificity (27).
On U-937 cells, aggregates of mouse IgG2b exhibit enhanced binding to FCyRII under
conditions of low ionic strength and low temperature. We have observed that similar
conditions facilitate human oligomeric IgG binding to platelets and HEL cells which
express FCyRIl as their only FCy receptor (28,29,31).

Fer,RII plays a role in the human T cell proliferative response to mouse IgG1 anti­
T cell antibodies (33). Monocytes from approximately 30% of normal individuals fail
to stimulate T cell proliferation (non-responders) in the presence of IgG1 anti-T cell
antibody (34). When purified monocyte FCyRIl from responder and non-responder
individuals was compared, no differences in their electrophoretic mobility on SDS­
polyacrylamide gels was observed (33). However, after isoelectric focusing different
patterns were observed. The data led to the observation that this FCyRII gene has two
alleles which differ in their interaction with IgG1.

FCyRIl was the first human FCy receptor gene cloned (35-37). Subsequent to the
original publications, FCyRIl clones have been reported by several laboratories (38). It
appears that FeyRll is encoded by at least three genes (FeyRIIA, FeyRllB and FeyRIIC). The
extracellular domains of FCyRIl are closely homologous to the extracellular domains of
FCyRI and FeyRlli and to the extracellular domains of the analogous murine FCy receptor.
Similarly, the transmembrane domain of FCyRIl is homologous to that of murine FCyRII~.

Differences exist in the transmembrane region and considerable differences in the
intracellular domain of the FCyRII genes when compared to those of FeyRl and FeyRlll. The
differences in the cytoplasmic domains suggest that intracellular signalling events may
differ considerably among these three human FCy receptors. Northern blot analysis
reveals two major transcripts of 2.4 and 1.6 kb in most of the cells thus far examined
which express FCyRII. Work on the genomic structure of FCyRIl has begun and the
transcriptional starts sites and the 5'-flanking transcriptional regulatory region of
FCyRIlA have been defined (32). Of particular interest is the identification of elements
which may mediate the response of glucocorticoids and y-interferon that we have
observed earlier.

FCyRIl is the only FCy receptor present on human platelets. FeyRlI has been cloned
from a cDNA library prepared from the megakaryocyte/platelet like cell line HEL
(38,39). One of these FCyRIl cDNA clones is of particular note. This clone, 2.1 kb in
size, is identical to published sequences in the extracellular region, but has an important
difference downstream. There is an in-frame deletion of 123 nucleotides eliminating the
DNA for the entire transmembrane region, suggesting alternative splicing of the primary
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transcript which removes this specific sequence. The 2.1 kb clone does not share
structural features with FCyRI or FCyRIII, based on nucleotide and amino acid sequence
comparison. This clone may encode for a soluble form of FeyRlI, and using the polymerase
chain reaction we have noted that it is identified in platelet, monocyte, HEL cell and U­
937 cell FCyRII mRNA (38,39).

The precise function of FCyRII on monocytes and macrophages is being
characterized. We have observed that FeyRlIA in the absence of any other FCy receptors
can mediate a phagocytic signal (55). Furthermore we have observed that stimulation of
FCyRIIA leads to phosphorylation of FCyRIIA on tyrosine (56). Monocyte FeyRlI can
induce IgG antibody induced cell-mediated cytotoxicity (40). A rise in intracellular
calcium can be induced in U-937 cells and monocytes by both IgG1 and anti-FCyRII (41).
This may require a tripartite cross-linking of Fc and (Fab')2, since calcium
mobilization does not occur with F(ab')2 fragments in the absence of the Fc domain (41).
In addition, superoxide production after FCyRII cross-linking has been noted, but only
after y-interferon priming of U-937 cells or monocytes. The hierarchy of human IgG
subclass binding to FeyRlI appears to be IgG1 > IgG2 ~ IgG4 > IgG3 (37).

FCyRII expression can be regulated by GM-CSF on U-937 cells, an effect which
requires protein synthesis (26). We have observed a stimulatory effect of GM-CSF on
human monocyte FCyRIl protein and mRNA (42). G-CSF and y-interferon also have been
noted to increase FCyRII protein expression on U-937 cells (26,20). Northern blot
analysis reveals that U-937 cells treated with interferon-y exhibit a 2.5-fold increase
in FCyRII mRNA levels that is maximal at 14 hours and declines to lA-fold over baseline
by 48 hours of incubation (20). Treatment with glucocorticoids induces a small, but
significant, decrease in FCyRII protein, and dexamethasone is also able to inhibit by 20­
60% the induction of FCyRII by interferon-yo Modulation by dexamethasone and
interferon-y of FCyRII protein expression on U-937 cells is markedly different from
that of FCyRI in both magnitude and kinetics (20,43). Interferon-y increases FCyR I
expression by 240% at 16 hours, while FCyRI remains elevated through 48 hours. In
contrast, expression of FCyRII protein on U-937 cells is increased 56-72% after 16-24
hours of interferon-y treatment and is minimal after 48 hours incubation. Thus, the
modulation of FCyRII on U-937 cells is at least in part due to changes in steady state
levels of FeyRlI ml=lNA and we have recently shown that this is due to an effect on FeyRll
transcription (43). Furthermore, the difference between the magnitude of the changes
in FeyRlI mRNA and protein suggests that some translational or post-translational control
is involved in regulating the expression of FCyRII. Since FCyRI and FCyRII bind related
ligands, mediate similar functions, and appear to have similar changes in mRNA levels
following interferon-y treatment, it is possible the transcription of both genes is
coordinately regulated. Isolation of the genomic sequences for FCyRI and FCyRII and
analyses of 5'- and 3'-flanking sequencesis has revealed some common potential
regulatory sequences (32).

A third FCy receptor class (FCyRIII or CO 16) is present on tissue macrophages
(FcyRIIIA), neutrophils (FcyRII18), and natural killer (NK) cells (FCyRIIIA). This
receptor has a low affinity for IgG and binds human IgGl and IgG3 more effectively than
IgG2 and IgG4. When isolated by immunoprecipitation, FCyRl1I has a broad
electrophoretic mobility on SOS-polyacrylamide gel electrophoresis (51-73 kO).
FCyRIII appears on monocytes after in vitro culture for one to two weeks and has been
identified on freshly isolated peritoneal and alveolar macrophages (44-46). FCyRII is
not detectable on U-937 cells or on uninduced HL-60 cells.

Several different monoclonal antibodies (3G8, 4F7, 873.1, Leu-ll a,b, and VEP­
13) have been defined which react with FCyRIII. On neutrophils, it has been observed
that the blood group antigens NA1 and NA2 represent alloantigens of FCyRIII (47).
Several different anti-FCyRIII monoclonal antibodies have been identified based on their
reactivity with NAl and NA2 on neutrophils and NK cells (48).

FCyRl1I on neutrophils appears to be a phosphatidyl inositol (PI)-anchored
protein and the expression of FCyRII I is markedly diminished on neutrophils from
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patients with PNH, a disorder in which the expression of PI-anchored proteins is reduced
(also see below)(47). In addition, treatment of normal neutrophils with glycosyl­
phosphatidyl-inositol-specific phopholipase C, an enzyme which disrupts PI-linkages,
reduces the expression of FeyRlIl. Evidence that FCyRIII on neutrophils differs from
FCyRlI1 on macrophages comes from immunoprecipitation studies with anti-FCyRIII
monoclonal antibody (44,45). Neutrophil immunoprecipitated FCyRIII had a broader
electrophoretic mobility on SDS-PAGE than FCyRIII isolated from in vitro cultured
monocytes. In addition, after digestion with N-glycanase, neutrophil FCyRIII is cleaved to
a 33,000 Mr protein core, while the in vitro cultured monocyte protein is not altered by
N-glycanase and is a 55,000 Mr molecule.

FeyRlII (FeyRIIIB) has been cloned by Seed and co-workers, the same laboratory
which cloned the genes for FCyRI and FeyRlI (50). These investigators employed a cDNA
library from human placenta, presumably a source of monocytes and macrophages and
their transcripts. The data indicate that the extracellular domain of FCyRIII is closely
homologous to that of FCyRI and FCyRII. However, in contrast to FCyRII, which bears
g~eatest homology to the murine FCyRII~ gene, FeyRIII is most homologous with the a form
of the murine FCyRII gene. The extracellular domain of FCyRIII ends in a short 200-220
residue hydrophobic domain followed by four hydrophobic residues, of which one is
charged. A similar structure and a similar hyrophobicity profile of the predicted amino
acid sequence is characteristic of membrane proteins bearing glycosyl
phosphotidylinositol phospholipid (P-I) linked carboxyl termini. This indicates that
FCyRl1I is a phospholipid anchored protein on at least some human cells in which it is
expressed. In fact it has been established that FCyRIII on human granulocytes is a P-I
linked protein which is the product of the FeyRllIB gene.

It has been determined from our studies and those of others that FeyRlIl on tissue
macrophages is not a P-I linked molecule (51). Patients with PNH have a deficiency in
P-I linked proteins and their granulocytes are substantially deficient in FCyR III.
Nevertheless, it has been our experience and the experience of others that patients with
PNH do not have a substantial increase in their incidence of infection. This may be due to
active FCyRI and/or FCyRII function in host defense in these patients. Alternatively.
FCyRIII may not be Uniformly deficient in these patients, and their macrophages, as
opposed to their neutrophiles, may express FCyRIII. The data indicate that FCyR II I is
present on cells of the monocyte/macrophage lineage in PNH, as well as in normal
individuals as a conventional transmembrane non-P-I linked form of FCyRIII (51). This
is the product of a distinct FeyRIII gene, FCyRIIIA.

Because FCyRIII is not abundant on freshly isolated monocytes, there have only
been limited studies to define the function of FCyRIII on human macrophages. Clarkson et
al (50) employed anti-FCyRIII monoclonal antibody to inhibit the clearance IgG coated
platelets in immune thrombocytopenic purpura (52.53). Since the clearance of
platelets in immune thrombocytopenia is mediated by splenic macrophage FCy receptors,
the rise in platelet count after infusion of anti-FcrRIII is probably due to its inhibition of
these macrophage receptors. Dr. Randi Isaacs in our laboratory has recently observed
that FCyRIII with its associated y chain can mediate a phagocytic signal in the absence of
any other FCy receptors (57).

Monocytes and alveolar macrophages grown in the presence of fibroblast
supernatant express increased levels of FCyRIII (46). On the other hand. glucocorticoids
and y-interferon do not appear to alter the expression of FCyRIII in vitro (24). We have
observed that M-CSF and serum factors playa role in regulating the expression of FeyRlIl
on human monocytes/macrophages (54).

In summary. human macrophage FCy receptors are a hetergeneous group of
glycoproteins, of which three distinct biochemical classes have been defined encoded for
by at least seven genes. With the cloning of the human FCy receptor genes and their
biochemical characterization, emphasis will now focus on their likely diverse functions
in host defense, immune complex recognition and intracellular signaling. In addition, the
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further characterization of soluble Fey receptors and their potential immunoregulatory
significance will become an increasing area of focus.
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SYNERGY BETWEEN G-CSF AND WR-2721:
EFFECTS ON ENHANCING HEMOPOIETIC RECONSTITUTION AND
INCREASING SURVIVAL FOLLOWING EXPOSURE TO IONIZING RADIATION

M.L. Patchen, T.J. MacVittie, and L.M. Souza

*Armed Forces Radiobiology Research Institute, Bethesda, MD and
#AMGen, Thousand Oaks, CA

INTRODUCTION

WR-2721 is one of the most effective exogenous radioprotectants discovered (I,
2). Mechanisms through which WR-2721 protects cells from radiation-induced
lethality include free radical scavenging, hydrogen atom donation, and induction of
hypoxia. As a survival-enhancer in experimental animals, WR-2721 is extremely
effective when administered -30 min before radiation exposure. However, because
the survival-enhancing effects of WR-2721 are dose dependent, WR-2721 doses that
produce the greatest radioprotection are also the most toxic (3, 4). We previously
demonstrated that an alternate approach to the use of high (potentially toxic) doses
of single radioprotectants is the use of low doses of multiple agents that act by
different survival-enhancing mechanisms (5, 6). For example, we demonstrated that
the survival-enhancing effects of low-dose WR-2721 could be increased when glucan,
an immunomodulator and hemopoietic stimulant, was administered following
irradiation. The enhanced survival observed with WR-2721 + glucan was attributed
to sequential effects of cell protection mediated by WR-2721 and increased
hemopoietic proliferation mediated by glucan. Because glucan is a potent inducer of
hemopoietic cytokines (7, 8), we hypothesized that hemopoietic cytokines may be
used in place of glucan to stimulate hemopoiesis and to increase the survival­
enhancing effects of WR-2721. In these particular studies, the ability of granulocyte
colony-stimulating factor (G-CSF) to increase the survival-enhancing effects of a low
dose of WR-2721 are described.

METHODS AND MATERIALS

C3H/HeN female mice C20 g) were purchased from Charles River Laboratories
(Raleigh, NC). Mice were maintained at the Armed Forces Radiobiology Research
Institute (AFRRI) in a facility accredited by the American Association for the
Accreditation of Laboratory Animal Care (AAALAC). Mice were housed 10 per
cage in Micro-Isolator cages on hardwood-chip, contact bedding and were provided
commercial rodent chow and acidified water (pH 2.5) ad libitum. Animal rooms
were equipped with full-spectrum light from 6 a.m. to 6 p.m. and were maintained
at 70°F +/- 2°F with 50% +/- 10% relative humidity using at least 10 air changes
per hour of 100% conditioned fresh air. Upon arrival, all mice were tested for
Pseudomonas and quarantined until test results were obtained. Only healthy mice
were released for experimentation. All animal experiments were approved by the
Institute Animal Care and Use Committee prior to performance.

Combination Therapies, Edited by A.L. Goldstein and
E. Garaci, Plenum Press, New York, 1992 215



WR-2721 And G-CSF

Stock WR-2721 was obtained from Walter Reed Army Institute of Research
(Washington, DC) and kept frozen at -20°C until use. Immediately before each use,
WR-2721 was dissolved in sterile pyrogen-free saline. Exposure of the material to
light was minimized. Thirty minutes before irradiation, mice were injected
intraperitoneally (i.p.) with 4 mg of WR-2721 in a O.S-ml volume. WR-2721 control
mice received 0.5 ml of saline. Recombinant human G-CSF was provided by
AMGen (Thousand Oaks, CAl. The G-CSF was E. coli-derived and had a specific
activity of 108 units/mg as assayed by a granulocyte-macrophage colony-forming unit
assay using normal human bone marrow cells. Endotoxin contamination was less
than 0.5 ng/mg protein as determined by the Limulus amebocyte lysate assay. G­
CSF was administered subcutaneously (s.c.) once per day at a dose of 2.5 ug in a
O.l-ml volume on days 1-16 postirradiation. G-CSF controls were administered 0.1
ml of saline s.c.

Irradiation

Mice were placed in ventilated Plexiglas containers and exposed to bilateral
total-body gamma rays at a dose rate of 0.4 Gy/min. The AFRRI 60Co source was
used for irradiations. Dosimetry was determined by ionization chambers as
previously described (9) with calibration factors traceable to the National Institute of
Standards and Technology. Before initiating animal experiments, the dose rate at
the midline of an acrylic mouse phantom was measured using a 0.5-cm3 tissue
equivalent ionization chamber manufactured by Exradin (Lisle, IL). Before each
experimental irradiation, the dose rate at the same location with the phantom
removed was measured using a 50-cm3 ionization chamber fabricated at AFRRI.
The ratio of these two dose rates, the tissue-air ratio (TAR), was then used to
ensure delivery of the midline dose desired for each animal exposure. The TAR
used in these experiments was 1.001.

Survival Assays

Ten mice recelvlllg each drug treatment were exposed to radiation doses
ranging from 7 Gy to 14 Gy. Irradiated mice were returned to the animal facility
and cared for routinely. Survival was monitored for 30 days; on day 31 surviving
mice were euthanized by cervical dislocation. Experiments were repeated three
times. The percentage of mice surviving each radiation dose at 30 days
postexposure was used to construct a survival curve for each drug treatment. The
radiation dose lethal for 50% of mice within 30 days postexposure (LD50/30) was
ext,rapolated from each survival curve and used to calculate dose reduction factors
(DRF's; LDSO/30 of treated mice divided by LD50/30 of radiation control mice) for
each drug treatment.

Spleen Colony-Forming Unit Assays

Endogenous and exogenous spleen colony-forming units were used to evaluate
regeneration of pluripotent hemopoietic progenitor cells. Endogenous spleen colony­
forming units (E-CFU) were evaluated using the method of Till and McCulloch (10).
Mice from various treatment groups were exposed to 10.75 Gy total-body irradiation.
Twelve days after irradiation, mice were euthanized by cervical dislocation and their
spleens were removed. Spleens were fixed in Bouin's solution, and the number of
grossly visible spleen colonies was counted. Exogenous spleen colony-forming units
(CFU-s) were also evaluated by a method of Till and McCulloch (11). Recipient
mice were exposed to 9.25 Gy of total-body irradiation to eradicate most endogenous
hemopoietic stern cells. Three to five hours later, 1-5 x 104 bone marrow or 1-5 x
105 spleen cells from normal or treated mice were intravenously injected into the
lateral tail veins of irradiated recipient mice. Twelve days after transplantation, the
recipients were euthanized by cervical dislocation, the spleens were removed, and
spleen colonies were counted as described for the E-CFU assay. The cell suspensions
used for each CFU-s assay represented tissues from three normal, irradiated, G-CSF­
treated, WR-2721-treated, or combination-treated mice at each time point. Cells
were flushed from femurs with 3 ml of McCoy's SA medium (Flow Labs, McLean,
VA) containing 10% heat-inactivated fetal bovine serum (Hyclone Labs, Logan, UT).
Spleens were pressed through stainless-steel mesh screen, and the cells were washed
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from the screen with 6 ml medium. The total number of nucleated cells in the
suspensions was determined by Coulter counter. Experiments were repeated three
times.

Granulocyte-Macrophage Colony-Forming Cell Assay

Hemopoietic progenitor cells committed to granulocyte and/or macrophage
development were assayed using a previously described (5) agar granulocyte­
macrophage colony-forming cell (GM-CFC) assay. Mouse endotoxin serum (5% v/v)
was added to feeder layers as a source of colony-stimulating activity. Colonies (>
50 cells) were counted after 10 days of incubation in a 37°C humidified environment
containing 5% CO2, Triplicate plates were cultured for each cell suspension, and
experiments were repeated three times. The cell suspensions used for each assay
were prepared as described for the CFU-s assay.

Peripheral Blood Cell Counts

Blood was obtained from halothane-anesthetized mice by cardiac puncture using
a heparinized syringe attached to a 20-gauge needle. White blood cell (WBC), red
blood cell (RBC), and platelet (PLT) counts were performed using a Coulter
counter.

Statistics

Results of replicate experiments were pooled and represent the mean +/­
standard error of pooled data. Student's t-test was used to determine statistical
differences in all but survival data. Survival data were analyzed using the method
of Finney (12). Differences were considered significant when the p-value was less
than 0.05.

RESULTS

Survival-Enhancing Effects of G-CSF, WR-2721, And WR-2721 + G-CSF

The ability of G-CSF, WR-2721, and WR-2721 + G-CSF to enhance survival
in irradiated mice is illustrated in Figure 1. The LD50/30 for saline-treated mice
was 7.85 Gy +/- 0.06 Gy. Preirradiation administration of 4 mg of WR-2721
significantly increased survival, resulting in an LD50/30 of 11.30 Gy +/- 0.15 Gy
and a DRF of 1.44. Postirradiation treatment with G-CSF alone also slightly
enhanced survival, yielding an LD50/30 of 8.30 Gy +/- 0.08 Gy and a DRF of
1.06. Administration of WR-2721 preirradiation and G-CSF postirradiation raised
the LD50/30 to 12.85 Gy +/- 0.24 Gy, and resulted in a DRF of 1.64. This DRF
was more than additive between the DRF's obtained with WR-2721 (1.44) and G­
CSF (1.06) alone.
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Figure 1. Effect of saline, G-CSF, WR-2721, and WR-2721 + G-CSF treatments on
survival of irradiated mice. C3H/HeN mice were administered WR-2721 (4
mg/mouse, i.p.) 30 .min .be~ore 60Co irradiation ~nd G-CSF (2.5 ug/mouse/day, s.c.)
on day~ 1-16 after irradIatIOn. • p < 0.05, WIth respect to saline values; •• p <
0.05, WIth respect to G-CSF values; ••• p < 0.05, with respect to WR-2721 values.
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Hemopoietic Effects of G-CSF, WR-2721, And WR-2721 + G-CSF

The E-CFU assay was used in preliminary studies to identify hemopoietic
differences among saline-, G-CSF-, WR-2721-, and combination-treated mice. In
these studies a 10.75-Gy radiation dose was chosen because it was the highest
radiation dose that would permit saline-treated mice to survive the 12 days
postirradiation needed for performing the E-CFU assay. Figure 2 illustrates the E­
CFU results obtained in mice exposed to 10.75 Gy. No E-CFU were detected in
saline- or G-CSF-treated mice. WR-2721-treated mice exhibited only 1.8 +/- 0.1 E­
CFU, while combination-treated mice exhibited 12.4 +/- 1.5 E-CFU. These data
illustrate the ability of G-CSF to amplify the number of multipotent hemopoietic
stem cells protected by preirradiation WR-2721 administration. The onset and
duration of the hemopoietic responses induced by G-CSF, WR-2721, and WR-2721 +

15
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Figure 2. Effect of saline, G-CSF, WR-2721, and WR-2721 + G-CSF treatments on
endogenous spleen colony formation (E-CFU) in mice exposed to 10.75 Gy.
C3H/HeN mice were administered WR-2721 (4 mg/mouse, i.p.) 30 min before 60Co
irradiation and G-CSF (2.5 ug/mouse/day, s.c.) on days 1-12 (assay terminated on
day 12) after irradiation. Data represented as the mean +/- standard error of
values obtained from 15 mice in each treatment group. • p < 0.05, with respect to
WR-2721 values.

G-CSF were further characterized by sequentially following the recovery of bone
marrow (Table 1) and splenic (Table 2) cellularity, CFU-s, and GM-CFC on days
10, 17 and 24 after a 10.75-Gy radiation exposure. Although mice from all four
treatment groups survived this radiation exposure to be evaluated at day 10, only
WR-2721-treated and combination-treated mice survived to be evaluated on days 17
and 24 postexposure. Mice receiving WR-2721 + G-CSF consistently exhibited the
most rapid and dramatic recoveries for all parameters evaluated. In addition to
enhanced hemopoietic stem and progenitor cell recoveries, a more rapid recovery of
mature peripheral blood WBC's, RBC's, and PLT's was also observed in mice
receiving the combination WR-2721 + G-CSF treatment (Table 3).
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Table 1

Effect of G·CSF, WR·2721, and WR·2721 + G·CSF on
Bone Marrow Cellularity, CFU·s, and GM·CFC Following a

10.75 Gy Radiation Exposure1

Treatment

WR·2721 +
Saline G·CSF WR·2721 G·CSF

Cells per Femur (x 106)

Day 10 0.37 ± 0.02 0.52 ± 0.09 1.46 ± 0.15 2.32 ± 0.253

17 - 2 - 2 2.14 ± 038 2.91 ± 0.16
24 - 2 - 2 2.23 ± 0.27 5.23 ± 0.253

CFU·s per Femur

Day 10 O± 0 O± 0 O± 0 O± 0
17 _2 - 2 18.00 ± 4.00 84.00 ± 12.003

24 - 2 - 2 53.00 ± 11.00 381.00 ± 68.003

GM·CFC per Femur

Day 10 O± 0 O± 0 O± 0 16.00 ± 5.003

17 - 2 _2 38.00 ± 11.00 353.00 ± 46.003

24 - 2 - 2 234.00 ± 53.00 510.00 ± 57.003

1Mean ± standard error of values obtained for three experiments.

2No mice survived to be assayed at this time point.

3p < 0.05, with respect to WR-2721 values.

(In nonirradiated C3H/HeN mice, Cellularity =6.59 ± 0.32, CFU-s=2787 ± 423,
GM-CFC = 3366 ± 2631.

Table 2

Effect of G-CSF, WR-2721, and WR·2721 + G·CSF on Splenic Cellularity, CFU.s,
and GM·CFC Following a 10.75 Gy Radiation Exposure!

Treatment

WR·2721 +
Saline G·CSF WR·2721 G·CSF

Cells per Spleen (x 106)

Day 10 12.0 ± 0.2 130 ~ 0.5 14.1 ± 0.6 15.2 ~ 0.8
17 _2 - 2 69.9 ± 1.9 223.3 ± 23.23
24 _2 _2 194.6 ± 16.3 153.4 ± 26.1

CFU·s per Spleen

Day 10 0.8 ± 0.4 13 ± 0.2 4.7 ± 1.2 54.8 ± 6.83
17 _2 - 2 488.0 ± 25.6 1382.0 ± 34.1 3
24 - 2 _2 2473.0 ± 490.0 4193.0 ~ 526.73

GM·CFC per Spleen

Day 10 O±O O±O O±O O±O
17 _2 _2 249.0 ± 35.5 13044.0 ± 1040.03
24 _2 _2 13132.0 ± 1015.0 17776.0 ± 1208.03

1Mean ± standard error of values obtained from three experiments.

2No mice survived to be assayed at this time point.

3p < 0.05, with respect to WR-2721 values.

(In non irradiated C3H/HeH mice. Cellularity = 147 ± 10, CFU-s = 6907 ± 779,
GM-CFC = 1650 ± 118).
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Table 3

Effect of WR-2721 and WR-2721 + G-CSF on
Peripheral Blood Cell Counts Following a

10.75 Gy Radiation Exposure1

Treatment

WR-2721 +
WR-2721 G-CSF

WBC per mm3 (x 103)

Day 10 1.4 ± 0.3 1.4 ± 0.2

17 2.3 ± 0.1 18.3 ± 3.1 2

24 5.5 ± 0.3 28.4 ± 3.52

RBC per mm3 (x 106)

Day 10 5.0 ± 0.5 4.3 ± 0.5

17 3.4 ± 0.3 4.0 ± 0.4

24 2.3 ± 0.6 6.0 ± 0.22

PLT per mm3 (x 103)

Day 10 45.0 ± 9.0 170.0 ± 22.02

17 100.0 ± 18.0 177.0 ± 13.02

24 151.0± 15.0 435.0 ± 9802

1Mean ± standard error of values obtained from 3
experiments.

2p < 0.05, with respect to WR-2721 values.

(In nonirradiated C3H/HeN mice, WBC = 6.2 ± 0.7;
RBC = 6.3 ± 0.5 and PLT = 950 ± 38)

DISCUSSION

Hemopoietic Injury and associated risks of infection and hemorrhage are
common problems associated with radiation and radiomemetic drug therapies used in
the treatment of cancer. Recent studies have demonstrated that the aminothiol
WR-2721 can be administered prior to irradiation or chemotherapy to selectively
protect normal cells, especially hemopoietic cells, and as a result reduce radiation- or
drug-induced hemopoietic injury (14, 15, 16, 17, 18, 19, 20). Administration of the
hemopoietic growth factor granulocyte colony-stimulating factor (G-CSF) after
radiation or radiomimetic drug therapies also has been demonstrated to reduce the
side effects of hemopoietic injury by accelerating hemopoietic regeneration (21, 22,
23, 24, 25, 26, 27, 28). In the studies reported here, we evaluated the survival and
hemopoietic effects of WR-2721 and G-CSF used in combination in a murine
radiation model.

In addition to reconfirming the ability of both WR-2721 and G-CSF to
individually enhance survival in irradiated mice (2, 5, 6, 24)' our data clearly
illustrate the benefit of using these two agents in combination. The enhanced
survival observed in combination-treated mice (Figure 1) appeared to result from the
ability of G-CSF to accelerate regeneration of mature hemopoietic elements (Table 3)
by amplification of multipotent and committed progenitor cells protected by the
WR-2721 treatment (Tables 2 and 3).

In conclusion, we have demonstrated that the use of WR-2721 + G-CSF in
combination can synergize to further mitigate hemopoietic injury and lethality
associated with radiation exposure. Postirradiation use of hemopoietic growth factors
in combination with classical radioprotectants may prove to be a valuable adjunctive
therapy in the treatment of cancer.
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INTRODUCTION

ST 789 is a synthetic compound which belongs to a new family of hypoxanthine

derivatives exhibiting an aminoacidic function at the N-9 pOSition of the purine ring

(Cornaglia-Ferraris et al., 1984). Available literature indicates that hypoxanthine derivatives

exhibit well established immunomodulant properties (Cornaglia-Ferraris et aI., 1984).

Furthermore, the addition of arginine to these molecules proved able to strongly enhance their

immunomodulant activity. We review here the immunomodulant properties of both arginine

and arginine-containing compounds, and mostly of ST 789. Furthermore, we report the

results of preliminary experiments performed in our laboratory to better understand the

mechanisms accounting for the immunomodulant activity of ST 789.

EFFECTS OF ARGININE ON IMMUNE RESPONSE

As far as the effects of arginine on immune response are concerned a large body of

experimental evidence has been accumulated since the early report of the arginine role in the

recovery of wound healing capacity in experimentally injured rats (Seifter et aI., 1978). Diet

arginine supplementation recently proved in animal models to enhance peripheral blood T

lymphocyte responsiveness to both mitogens and antigens (Barbul et aI., 1980) as well as to

increase thymic weight and cellularity in otherwise normal rats (Daly et aI., 1990). Arginine

supplementation has also been shown to increase the T-cell antitumor activity (Reynolds et

aI., 1990; Lowell et al., 1990) and natural killer (NK)- and macrophage-dependent cytotoxic­

ity (Lowell et aI., 1990; Reynolds et aI., 1988; Daly et al., 1988). Furthermore, the arginine
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supplementation in surgical patients has been reported to increase both the surface expression

of CD4 antigen and lymphocyte responsiveness to mitogens (Daly et al., 1988).

The ability of arginine to enhance immune functions has been shown also in in

vitro studies. In fact, the pretreatment of peripheral blood lymphocytes with arginine either

alone or in combination with lysine in concentrations as similar as those obtained by in vivo

administration resulted in a strong enhancement of both T- and spleen-cell activation follow­

ing mitogens (Reynolds et aI., 1988; Fabris et aI., 1991). Conflicting data have been recently

reported about the role of arginine in modulating NK activity. In fact, arginine supplementa­

tion seems to be able to recover the low endogenous NK activity (Fabris et aI., 1991).

Furthermore, preliminary data suggest that arginine supplementation is also unable to restore

cytotoxicity in the normal range in animals with reduced NK responsiveness to IL-2 boosting,

whereas a strong enhancement has been found following interferon (IFN) stimulation (Fabris

et al., 1991).

Moreover, arginine concentrations lower than plasma levels commonly obtained

throughout in vivo administration enhance macrophage functions, such as phagocytosis, bac­

terial killing and monokine production, whereas higher arginine concentrations exhibit strong

inhibitory properties (Albi et al., 1989; Fabris et aI., 1991). Furthermore, arginine is strictly

required by monocyte-macrophages for producing reactive nitrogen intermediates, at least in

certain macrophage-target cell combinations (Keller et aI., 1990).

Several mechanisms could be indirectly involved in mediating the immuno-modu­

lating effects of arginine. Arginine has a secretagogue action on growth hormone (GH)

(Isidori et aI., 1981; Fabris et al., 1988) and GH modulates various immune functions (Barbul

et aI., 1983). Furthermore, in rat models the enhancement of allograft rejection by arginine

administration (Reynolds et aI., 1990) strictly requires an intact pituitary-thymus axis (Fabris

et al., 1988; Goldstein et aI., 1977) as well as the recovery of thymus weight following injury

is abrogated by previous hypophysectomy and restored by GH treatment (Fabris et al., 1988;

Goldstein et a1. 1977). This hypothesis is further supported by the recently reponed arginine

ability to enhance thymic endocrine activity, as demonstrated by the recovery of reduced

plasma thymulin levels in both experimental animals (Fabris et al., 1991) and human cancer
patients (Fabris et aI., 1991; Giovarelli et al., 1987) following in vivo arginine administration.

EFFECTS OF ST 789 ON IMMUNE RESPONSE

ST 789, formerly PCF 39, an L-Arg synthetic derivative (N-alpha-5 (5, 6-dihydro­

6-oxo-0-purinyl) pentyloxy/carbonyl-L-Arginine) has been reported to influence T lympho­

proliferative responses and to induce the expression of Thy 1.2 antigen, which is an important

differentiation marker of precursor T cells, on lymphocytes from nu/nu mice (Giovarelli et

aI., 1987; Baldinelli et aI., 1991). These data, together with the requirement of substances

potentially interesting as immunoregulatory drugs since their ability to enhance the produc­

tion of mature immunocompetent cells by acting on thymocyte differentiation, prompted

Baldinelli et a1. to investigate the effects of ST 789 on thymocytes obtained from normal

adult mice (Baldinelli et aI., 1991). These authors evaluated the coordinate expression of CD4

and CD8 antigens as well as of p55 chain of IL-2 receptor (Tac antigen) in thymocyte short-
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term cultures upon incubation with ST 789 alone or in conjunction with PHA. The ability of

ST 789 to rise intracellular free calcium ions, which is strictly correlated with lymphocyte

activation, was also investigated. ST 789 was ineffective in modifying the frequency of

thymocyte subsets, as determined by using dual color flow cytometry, and did not induce the

appearance of p55 chain on cortical thymocytes. On the contrary, PHA resulted in a dramatic

dose-dependent decrease of CD4+CD8+ thymocyte subset, which has not affected by ST 789.

Finally, PHA promptly increased thymocyte free intracellular calcium ion levels, whereas ST

789 did not. Therefore, ST 789 is likely to not affect the thymocyte activation/differentiation

pathway, at least in normal adult mice. However, further studies will need to evaluate the ef­

fects of ST 789 on human thymocytes.

The reported ability of ST 789 to affect both in vitro and in vivo T, NK, and

phagocytic cell activity, which is strictly dependent under normal conditions on cytokine re­

lease, prompted several authors to evaluate the effects of ST 789 on the in vitro production of

IL-I, IL-2, IL-4, IL-6, and IFN-gamma by peripheral blood mononuclear cells (PBMCs) from

healthy subjects (Munno et aI., 1991; Famularo et aI., 1991). These experiments clearly

demonstrated that ST 789 was not able per se to induce cytokine release . Furthermore,

PBMC costimulation with ST 789 plus LPS, PHA and ConA did not modify IL-I, IL-2, IL-4,

and IFN-gamma release in terms of either enhancement or inhibition as compared to PBMCs

activated by lectins alone. However, an unexpected finding was that the addition of ST 789 to

PHA-driven PBMCs resulted in strongly increased IL-6 levels in supernatants harvested fol­

lowing 48 hrs of culture (Famularo et al., 1991). Therefore, ST 789 seems to be a strong in­

ducer of IL-6 production. However, currently available data did not yet address the question

of which mononuclear cell subset, T or B or NK cells or monocytes, which are all capable of

producing IL-6 (Hirano et al., 1990; Kishimoto, 1989), is mostly involved in ST 789-depen­

dent enhancement of in vitro IL-6 release. The discrepancy between the strongly increased

IL-6 levels by culturing PBMCs in the presence of both ST 789 and PHA in spite of the non

affected IL-llevels has not been fully explained since IL-6 production as a rule is strictly re­

lated to IL-l in both in vitro and in vivo models (Hirano et aI., 1990; Kishimoto, 1989).

Therefore, further studies are currently in progress in our laboratory to answer this question.

A direct effect of ST 789 possibly accounting, at least in part, for the ability of en­

hancing lymphocyte proliferative responsiveness to both mitogens and antigens has been

raised by the finding of increased intracellular levels of cyclic GMP in PBMC in vitro treated

with substituted purines (Cornaglia-Ferraris et aI., 1984). Furthermore, hypoxantine deriva­

tives have been recently suggested to mimic inosine ribose moiety thus acting on putative

inosine receptors on both T and NK cells and modulating cellular functions (Stradi et aI.,

1990). However, more detailed studies will be required to better understand this issue.

The putative immunoenhancing properties of ST 789 have been strongly pointed

out by demonstrating that in vivo administered ST 789 is able to restore immune response in

immunocompromised hosts and to protect against pathogens. The treatment with cyclophos­

phamide (Cy), which strongly suppresses host's immune responses, has been reported to be a

valuable model of immunosuppression in both animals and humans (Matsumoto et al., 1987).

We recently investigated whether the pretreatment of Cy-irnmunosuppressed CDl and Balblc

mice with ST 789 improved survival following the experimental infection with both bacterial
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(Klebsiella oxytoca, K. pneumoniae 7823, Escherichia coli ESM, Serratia marcescens All,

Salmonella typhimurium, Proteus mirabilis, Pseudomonas aeruginosa) and fungal pathogens

(Candida albicans, Aspergillus (A.)fumigatus) (Foresta et al., 1991) (Table 1).

Our data clearly demonstrate that ST 789 proved highly effective in prolonging

survival of infected mice. However, the administration routes strictly affected our results. In
fact, it turned out that Lp. treatment was protective, whereas both s.c. and p.o. ST 789 did not

in spite of administering strongly increased doses.

Table 1 - Protective effects of ST 789 in mice immunosuppressed with Cyclophosphamide

and infected with Escherichia coli ISM.

Treatment Administration D/T
route ",LDlO+

CTR 7/85 (8.2%)
CTR immunosup. 65/85 (76.4%)
ST 789 100 mg/Kg p.os 6/9 (66.7%)
ST 789 0.2 mg/Kg s.c. 38/55 (69.0%)
ST 789 2 mg/Kg s.c. 14/20 (70.0%)
ST 789 50 mg/Kg s.c. 22/30 (73.3%)
ST 789 0.2 mg/Kg i.p. 31/65 (47.6%)*
ST 789 2 mg/Kg i.p. 7/30 (23.3%)*
ST 789 25 mg/Kg i.p. 9/85 (10.5%)*

ST 789 was administered by daily injection for 5 consecutive days to mice experimental1y with cyclophos­
phamide (100 mg/Kg,i.p.) 2 hours before starting ST 789 treatment. Treated and untreated mice were both in­
fected 24h after the last ST 789 administration.
+; inoculum corresponding approx. to 1.35 x 103 microbial cells

X2; *=P~ 0.001

Furthermore, preliminary experiments performed in our laboratory indicate that the

combined administration of ST 789 and ceftazidime at doses per se completely ineffective

(0.05 mg/Kg/day and 0.02 mg/Kg, for ST 789 and ceftazidime, respectively) proved to

strongly protect Cy-immunosuppressed mice in the K. oxytoca model of experimental infec­

tion. ST 789 and amphotericin B exhibited a similar synergism in the treatment of both C. al­

bicans and A. fumigatus experimental infections as well as ST 789 and gentamicin were syn­

ergistic in treating Cy-immunosuppressed mice following the challenge with P. aeruginosa.

Therefore, ST 789 either alone or in combination with antibiotics such as ceftazidime,

amphotericin B, and gentamicin enhances host's defenses against several pathogens, at least

in animal models of immunosuppression.

The mechanisms accounting for these effects of ST 789 are yet poorly understood.

The reported ST 789 ability in restoring the proliferative responsiveness to mitogens of lym­

phocytes from Cy-treated mice (Ruggiero et aI., 1991) is likely to playa major role.

However, other cellular targets could mediate the immunomodulant activity of ST 789. In

fact, ST 789 treatment proved to expand the bone marrow NK progenitor cells in vivo, thus

strongly enhancing the regeneration of murine NK cell activity (Riccardi et aI., 1991).
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Furthermore, since Cy-treatment severely reduces circulating granulocytes (Matsumoto et al.,

1987), the capacity of ST 789 to protect Cy-treated mice against pathogens might depend on

recruitment of granulocytes, and possibly, monocytes. A role of granulocyte-colony­

stimulating factor in mediating this effect of ST 789 has not been yet demonstrated; thus,

further studies are currently in progress in our laboratory to better understand this issue.

ANTITUMOR ACTIVITY OF ST 789

A clear-cut antitumor activity of ST 789 has been demonstrated. In fact, mice parenterally

administered with ST 789 exhibited a significant resistance to the growth of two syngeneic

tumors regardless of the presence of spleen cells mixed with tumor cells (Giovarelli et aI.,

1987). It is worth to emphasize that tumor inhibition mediated by IL-2 and lPN-gamma has

been shown to be strictly dependent on the presence of splenocyte (Forni et aI., 1985;

Giovarelli et al., 1986). Furthermore, these data indirectly support the results of previous ex­

periments assaying the ability of ST 789 to induce U-937 and HL-60 human leukemic cell

lines to differentiate. In fact, ST 789 did not result into differentiation, whereas IFN-gamma

and 12-0-tetradecanoyl-13-phorbol-acetate (TPA) led to D-937 and HL-60 cell line activa­

tion, as shown by morphologic and phenotypic changes (Ponzoni et aI., 1987). Therefore, we

suggest that the antitumor activity of ST 789 is mediated by a different pathway as compared

to IL-2 and IFN-gamma. Finally, available literature indicates that the arginine residue of

ST789 molecule is likely to playa pivotal role in mediating the antitumor activity of ST 789

by increasing T-lymphocyte cytotoxicity (Reynolds et aI., 1990; Lowellet al., 1990) as well as

NK and macrophage cytotoxicity (Lowell et aI., 1990; Reynolds et al., 1988; Daly et aI.,

1988). Furthermore, a significant absolute increase of CD4+ cells was found in cancer pa­

tients following the treatment with arginine-lysine combination (Fabris et aI., 1991).
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QS-21 AUGMENTS THE ANTIBODY RESPONSE TO A SYNTHETIC PEPTIDE

VACCINE COMPARED TO ALUM
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INTRODUCTION

The immunomodulating ability of adjuvants has been
shown to enhance immune responses directed both specifically
and non-specifically against tumor development and growth
and to increase immune response to weak antigens. This
study compared two adjuvants, alum and QS-21, given
separately and together in a candidate p17-based subunit
AIDS vaccine, HGP-30-KLH. Alum, the only adjuvant approved
for human use, confers a particulate appearance to the
immunogen by adsorbing it and retains the immunogen in the
body.' QS-21 is a pure triterpene glycoside saponin
adjuvant,2 and is purified from the total saponin fraction
of Ouillaja saponaria Molina. Crude mixtures of Ouillaja
saponaria saponins serve as the matrix component of the
immunostimulating complex (ISCOM).3 The study's hypothesis
was that these two adjuvants function by different means to
increase antibody titer to a synthetic peptide immunogen.
QS-21, with its biochemical as well as physical properties,
was expected to generate a greater antibody response than
alum, and the two combined may be additive or synergistic.

HGP-30 is a synthetic peptide representing a 30-amino
acid stretch (aa85-114) near the C-terminal of HIV-1 p17 ggg
protein. This peptide was selected as the basis of a
candidate AIDS vaccine for a number of reasons. It contains
predicted and demonstrated human T- and B-cell epitopes and
has been shown to contain a neutralizing epitope. 4-'0 Its
immunogenicity and non-toxicity, when conjugated to KLH and
administered in alum, has been demonstrated in a variety of
animals. The prototype HGP-30-KLH/alum construct, which has
begun phase 1 trials in california, has already been tested
in phase 1 trials in England, in which it was shown to be
safe and immunogenic." with respect to adjuvant activity,
it represents a clinically useful example of a peptide­
carrier model to allow comparison of effects on both peptide
and carrier.
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METHODS AND MATERIALS

Immunization and serum collection

Groups of Balb/c mice (n=9-10) were injected
subcutaneously in the scruff of the neck with 2Sug of HGP­
30-KLH conjugate mixed with alum (3:1 adjuvant:conjugate
ratio by mass), QS-21 (4:S), or alum and QS-21 (3:1 and
4:S). HGP-30, manufactured by Alpha 1 Biomedicals Inc. and
supplied by Viral Technologies Inc., was conjugated via
glutaraldehyde-induced lysine linkage to Calbiochem KLH
(keyhole limpet hemocyanin) as previously described. 12 QS­
21 was supplied by Cambridge Biotech Corp. Aluminum
hydroxide gel (alum) was obtained from Superfos S/A. Mice
were housed in an AALRC-approved facility, and all
procedures were approved by the Institutional Animal Care
Committee. Serum samples were obtained by bleeding the mice
through the tail vein, allowing the blood to clot at room
temperature, centrifuging the clotted samples, and drawing
off the supernatant sera which were stored frozen at a 1/10
dilution in phosphate buffered salt solution (PBS) until the
time of assay.

Measurement of serum antibodies

Serum samples were diluted in PBS and measured for the
presence of IgG antibodies to the peptide, HGP-30, and the
carrier, KLH, by enzyme linked immunosorbent assay (ELISA).
Nunc Maxisorp 96-well plates were coated overnight at room
temperature with SOul/well of 10ug/ml HGP-30 or KLH diluted
in PBS, obtained from the sources named above. Between each
step, the plates were washed S times in a Skatron A/S
Microwash II with a PBS solution containing Sigma Chemical
Co. Tween 20 and thimerosal as a preservative (IE buffer').
The plates were blocked for 2 hours at 37°C with 200ul/well
S% powdered milk dissolved in E buffer. The serum samples
were plated SOul/well and incubated 1 hour at 37°C. Goat
anti-mouse IgG peroxidase-conjugated second antibody
(Kirkegaard and Perry Laboratories Inc.) was diluted 1/2000
in E containing 1% w/v bovine serum albumin (Sigma Chemical
co.) and plated at 50ul/well, and incubated 1 hour at 37°.
Color was developed by adding 50ul/well TMB Microwell
Peroxidase Substrate System substrate (Kirkegaard and Perry)
and stopped with SOul/well H3P04 diluted to 1M (Fisher
Scientific). Plates were read on a Dynatech Laboratories
Inc. MR6S0 plate reader at an absorbance wavelength of
40Snm. Data were captured with Dynatech Immunosoft version
3.0 and analyzed with Lotus 1-2-3. Serum samples for each
collection point were assayed at a 1/400 dilution to yield a
time course of antibody production. The a-week serum
samples were serially diluted from 1/400 to 1/2S600 and
analyzed by ELISA for HGP-30- and KLH-specific titers.
Results are reported as the group average optical density of
the 9-10 individual serum samples from each treatment.
statistical analysis was performed using an NIH open
software program (Blossom).

RESULTS

At all time points after the initial immunization, the
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CHOICE OF ADJUVANT AFFECTS ANTIBODY RESPONSE

A: QS21 with or without Alum raises more antibody
to HGP-30 than does Alum alone.
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Figure 1. Balb/c mice were immunized SQ with 25ug/mouse KLH­
HGP-30 administered in the alum (K30/AL), QS-21 (K30/QS), or
alum plus QS-21 (K30/ALQS). Serum samples taken at two-week
intervals were measured at a 1/400 dilution for anti-HGP-30
(Fig. 1a) or anti-KLH (Fig. 1b) IgG by ELISA. Results are
expressed as average optical density, measured at 405nm, of
9-10 animals per group. Statistical significance of differ­
ences in group averages was analyzed by ANOVA.
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ADJUVANT TREATMENTS DIFFER BY INDUCED TITER

A: Anti-HGP-30 titer raised by QS-21 is higher
than the titer generated by Alum.

1/128001/1600 1/3200 1/6400

ANTISERUM DILUTION
1/800

1. 50r
1.40 I
1. 30f
1.20 • ::------J:

~ 1.10 ·····.~t:--.__ I
~ 1.00 ". ---_

: 0.90 •••••• r'--" I
~ :~ . '. ·····~~··r······· I
~ 0.60 '. ". • ••••

~ 0.50 ". J ".
> ". '. I« 0.40 •••••• '. '_"

0.30 ••••• T --···.f
0.20 •••••••••••

0.10 .... *
0.00'
1/400

K30/AL •• __ • K30/0S K30/ALOS

• TWO-FOLD INCREASE ABOVE BACKGROUND
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Figure 2. Balb/c mice were immunized SQ with 25ug/mouse KLH­
HGP-30 administered in alum (K30/AI), QS-21 (K30/QS), or alum
plus QS-21 (K30/ALQS). Serum samples taken at the maximum
antibody response, which occurred 8 weeks post immunization,
were diluted in two-fold increments from 1/400 to 1/25600.
Antibodies to HGP-30 (Fig. 2a) and to KLH (Fig. 2b) were
measured by ELISA. The data are expressed as the average
optical density, measured at 405nm, of 9-10 animals per group.
Statistical significance of differences in group averages was
analyzed by ANOVA.
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mice who received conjugate in alum produced significantly
weaker anti-peptide and anti-carrier responses than did the
mice who received conjugate in either QS-21 or QS-21 plus
alum (Fig. 1). Early in the time course, QS-21 plus alum
produced a stronger antibody response in serum diluted to
1/400 at the two- and four-week points than QS-21 did, but
this advantage disappeared at the two later time points as
the QS-21-induced response increased.

A serial dilution of the 8-week sera confirmed that the
antibody response generated by QS-21 with or without alum
was greater than that generated by alum alone (Fig. 2). The
anti-HGP-30 titer, defined as the serum dilution giving an
optical density two-fold above background, of the QS-21
treatment was 1/25600, compared to 1/3200 for the alum
treatment, while the titer produced by the QS-21+alum
treatment was estimated at 1/51200. Results were similar
when the antibody response against the carrier was analyzed.

CONCLUSION

QS-21 was a more potent adjuvant than alum when the
antibody response to either the peptide hapten, HGP-30, or
the carrier, KLH, was examined. As part of the immunizing
complex, the QS-21 was well tolerated by the animals, and
there were no significant differences in reactions at the
injection site between QS-21, QS-21 plus alum, and alum
alone. While the addition of alum to QS-21 modestly
augmented the anti-peptide titer, it did not have a sizeable
effect on the response generated by QS-21, nor did it
negatively affect the adjuvant activity of the stronger QS­
21. Thus QS-21 would appear to be a useful adjuvant for
inclusion in settings where an increase in immunogenicity is
desired.
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The purpose of this investigation is to define if combination lymphokine and
chemotherapeutic drug treatment can enhance the sensitivity of human papillomavirus (HPV)
DNA immortalized dysplastic and HPV DNA containing cervical carcinoma cells to
destruction by natural killer (NK) and lymphokine activated killer (LAK) lymphocytes.
Human papilloma viruses infect squamous epithelium and are associated with the
development of benign and malignant epithelial tumors. I,3 HPV type 16 is a suspected
etiologic agent in the pathogenesis of cervical intraepithelial dysplasia and malignancy.4 In
most premalignant and benign cervical lesions, HPV DNA exists in an episomal form, while
in cervical cancers it is found integrated into the cellular genome.5 The cell-mediated effector
arm of the immune response may have a key role in host defense against HPV infection and
the possible development of neoplastia. Support for this is the presence of T lymphocytes,
and the absence of a significant number of B lymphocytes, in cervical metaplasia and in
normal cervical epithelium.6 However, in HPV infections and cervical intraepithelial
neoplasia there is a general depletion of intraepithelial T lymphocytes with T4+ helper
lymphocytes being more depleted than T8+ suppressor lymphocytes.6

Because specific T lymphocyte reactivity is partially or completely absent in patients
with HPV infections and cervical intraepithelial neoplasia, and because substantial evidence
exists for the role of NK lymphocytes in both viral infections and in neoplasia,7'9 investigation
of the presence and function of this component of natural lymphocytotoxicity in these virus
associated diseases is relevant. Toward this end, Tay et al.,10 have evaluated the presence of
NK lymphocytes in tissue specimens from patients with HPV infection and cervical
intraepithelial neoplasia. NK lymphocytes, positive for both the leu 7 (HNK-1) and leu 11
(NK-15) surface antigens, were present in most HPV infections and in half of the cervical
intraepithelial neoplasia specimens tested.

Severallymphokines are known to modulate the sensitivity of NK susceptible target
cells. Interferons down-regulate 11 and leukoregulin up-regulates12 tumor cell sensitivity to NK
lymphocytotoxicity. Interferons have recently been introduced in the treatment of HPV
infections and cervical intraepithelial neoplasia because the response rate to conventional
chemotherapeutic treatment is highly variable and in most cases is less than 50%.13.14
Interferons are well known for their anti-viral activity and their immunomodulatory functions.
Most interferon therapy of HPV infections and cervical intraepithelial neoplasia has been
performed with IFNa and IFNf3.15 More recently, clinical trials have begun with IFNy.16.17
It is important, therefore, in the design of both preventive and therapeutic strategies for
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cell by cytokines such as the interferons and leukoregulin affects or is a result of viral DNA
expression and function.

HPV16-immortalized human cervical epithelial (HCX) cell lines have been developed
in the Laboratory of Biology as a model for studying the role of HPV in the development of
cervical cancer.18 Important characteristics of this model are that HPV16 DNA is integrated
and transcriptionally active, and although the cells are not tumorigenic in nude mice, they
acquire additional transformed properties with cultivation. In this respect, these cells
resemble dysplastic cervical epithelial cells.18 Leukoregulin is a lymphokine produced by
activated lymphocytes, which increases tumor cell membrane permeabilityl9.zo and drug
uptake21

, inhibits tumor cell replicationzo and up-regulates the sensitivity of tumor cells to
killing by NK and LAK lymphocytes.12•z2 Leukoregulin has been shown to differentially up­
regulate the sensitivity ofHPV16 DNA immortalized cervical cells to lymphocytotoxicity with
up-regulation to LAK Iymphocytotoxicity being greater than to NK lymphocytotoxicity.23 The
objectives of the present study are to evaluate whether the addition of a chemotherapeutic
drug will further up-regulate the sensitivity of the cells to lymphocytotoxicity.

Several HPV immortalized cervical lines are being studied. In the establishment of the
cell lines, secondary cultures of normal human exocervical epithelial cells were transfected
with a recombinant human papilloma virus DNAI8 which contained the neomycin geneZ4 and
were selected for resistance to the antibiotic G418 (Gibco, Grand Is., N.Y.). Cell lines were
derived by pooling cells from several resistant colonies and subculturing at 1:10 in chemically
defined medium (MCDB153-LB).z4 Subsequently, sublines resistant to terminal
differentiation were selected by culturing cells in MCDB153-LB + 5% fetal bovine serum
(FBS) (Gibco, Grand Island, N.Y.). Serum-selected cells were chosen to compare with the
HPV16-positive cervical carcinoma line, QGUZ5, because QGU cells are normally grown in
medium containing FBS. A tumor producing derivative of HPV16 DNA immortalized
HCX16-2 cells obtained after transfection of the HCX16-2 cells with v-Ha-ras is also being
evaluated. All cells are maintained in monolayer cultures in 100mm plastic tissue culture
dishes.

Leukoregulin is isolated from phytohemagglutinin (PHA)-stimulated normal human
peripheral blood Iymphocytes.zo Briefly, Ficoll-Hypaque (LSM, Organon Teknika Corp.,
Durham, N.C.)-isolated normal mononuclear leukocytes are cultured at 1x106 cells/ml in
serum free RPMI 1640 with PHA (Sigma Chemical Co., St. Louis, MO) at 10 I!glml in 2 liter
plastic cell culture roller bottles (Corning Glass Works, Corning, N.Y.) at 37°C in a 5% COz,
95% air atmosphere for 48 hr. The lymphokine containing culture medium is separated from
the cells by filtration through a Millipore GVLP O.4llm membrane and concentrated 50-fold
by ultrafiltration over a YMlO Amicon membrane (Amicon, Inc., Danvers, MA). The
Iymphokine concentrates are diafiltered against pH 7.4, O.OlM sodium phosphate buffered
saline-OJ% PEG, sterilized by filtration through a 0.22 I!m Millex-GV filter unit (Millipore
Corp., Bedford, MA) and stored at -30°C. Leukoregulin is purified by sequential DEAE ion­
exchange, isoelectric focusing, and HPLC molecular sizing chromatography and its activity
quantitated by growth inhibition of human K562 erythroleukemia cellszo. By definition, one
leukoregulin cytostatic unit produces 50% growth inhibition of 2x104K562 cells after 3 day
culture of the cells with leukoregulin.zo

Nylon wool (Fenwal Laboratories, Morton's Grove, IL) nonadherent mononuclear
lymphocytes are isolated from Ficoll-Hypaque-fractionated fresh human apheresis
mononuclear leukocyte collections from normal individuals at the National Institutes of
Health Blood Bank and serve as NK effector lymphocytes.zo Ficoll-Hypaque-fractionated
mononuclear cells are cultured at 1x106 cells/ml in RPMI 1640 medium containing human
recombinant interleukin 2 (rIL-2) (Collaborative Research, Boston, MA), (100 u/ml) and 5%
human AB serum for 7 days at 37°C in a 5% CO2, 95% air in water saturated atmosphere
and are used as LAK effector lymphocytes.26
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Confluent monolayer cultures of normal cervical epithelial cells, HPV16-immortalized
cervical epithelial cells and HPV16 positive cervical epithelial tumor cells are incubated with
100 IlCi 5tsodium chromate (New England Nuclear, Wilmington, DE) for 16-18 hr. The cells
are washed with 10 ml RPMI 1640 medium-10% FBS and incubated with 5 ml RPMI 1640
medium containing 1% FBS or the same medium containing leukoregulin (2.5 u/ml) for 1 hr.
The cells are trypsinized (0.1% trypsin + 25 ml PBS, pH 7.4 + 25 ml EDTA Versene, 1:5000
- Gibco, Grand Island, N.Y.) for 5 min and single cell suspensions washed in 50 ml RPMI
1640 medium-10% FBS and adjusted to lx105 target cells/ml.

A 4 hr 5tCr release cytotoxicity assay is used in these studies.22 Briefly, 100 III of effector
lymphocytes at 5x106, 2.5x106, 1x106, 2.5x105and 1x105/ml are mixed with 100 III of epithelial
target cells to yield effector to target (E:T) cell ratios of 50:1, 25:1, 10:1, 2.5:1 and 1:1.
Experiments are performed in triplicate in 12x75 mm Falcon polystyrene culture tubes,
(Becton Dickinson and Co., Lincoln Park, N.J.). The tubes are centrifuged at 50 X G for 3
min, and incubated at 37°C in a 5% CO2, 95% air in water saturated atmosphere for 4 hr.
Chromium release in the culture supernatants is quantitated in a LKB gamma counter (LKB
Products Inc., Bromma, Sweden). Spontaneous release (target cells + medium) ranges
between 5 and 15%. Percent specific release is calculated as follows:

% Specific
Release

(Test cpm - spontaneous cpm) X 100
(Total cpm - spontaneous cpm)

LAK cell cytotoxicity is evaluated using the same procedures. Each experiment is performed
in triplicate and the standard error of the mean (SE) of all experiments is 5% or less. The
results presented are representative of 4 or more experiments.

Early passage HPV16 DNA immortalized human cervical epithelial cells have been
evaluated after culturing for 11 to 18 weeks, while the later passage cells have been examined
after 30 weeks in culture. Both early and late passage HPV16-immortalized cervical epithelial
cells are resistant to NK lymphocytotoxicity (Figure 1).
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Figure 1. Sensitivity of early and late passage leukoregulin-treated HPV16 DNA­
transfected cervical epithelial cells to NK and to LAK Iymphocytotoxicity. A HPV16
DNA positive cervical epithelial cell line (HCXI6-2) at passages 15 (early) and 35
(late) was treated with leukoregulin at 2.5 Vlml (open symbols) for 1 hr and
incubated with NK (solid circles) or LAK (solid triangles) lymphocytes in a 4 hr 51Cr
release assay. This leukoregulin concentration increases K562 leukemia cell sensitivity
to NK cytotoxicity 2-5 fold and to LAK cytotoxicity 1-3 fold. Values shown are the
mean ±2 SE and are typical responses.23
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Leukoregulin causes a slight increase (P = <0.05) in susceptibility to NK lymphocytotoxicity
in the early passage HCX16-2 cervical cells. Late passage cells are more resistant to NK
lymphocytotoxicity and their NK sensitivity is not up-regulated by leukoregulin. On the other
hand, both early and late passage immortalized cervical epithelial cells are sensitive to LAK
lymphocyte cytotoxicity. Leukoregulin markedly up-regulates the sensitivity to LAK
lymphocytotoxicity, more so with the late passage cervical epithelial cells at lymphocyte/target
cell ratios of 10:1 and 25:1.

Although leukoregulin's slight augmentation of sensitivity to NK lymphocytotoxicity is
seen only with the early passage cells, leukoregulin increases the sensitivity of both the early
and late passage HPV-immortalized cervical epithelial cells to LAK lymphocytotoxicity with
the increased susceptibility to LAK Iymphocytotoxicity being 1.5 to 4-fold higher for the late
passage compared to the early passage HPV-immortalized cervical epithelial cells.

23
The

response of the early passage HPV16-immortalized cervical cells to leukoregulin is very
similar to that of cervical epithelial cells not transfected with HPV16 DNA, while the
response of the late passage HPV16-transfected cervical cells is similar to that of HPV16
positive QGU cervical carcinoma cells (Figure 2).
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Figure 2. Increased sensitivity of leukoregulin-treated cervical carcinoma cells to NK
and to LAK lymphocytotoxicity. Human papilloma virus 16 DNA positive QGV
cervical carcinoma cells (open symbols) were treated with leukoregulin (closed
symbols) at 2.5 Vlml for Ihr, incubated with NK (closed circles) or LAK (closed
triangles) lymphocytes in a 4hr Ster release assay. Values shown are the mean ±2 SE.

~GU ce~ical carci.n?~a cells ~re very resistant to NK, and leukoregulin induces only a slight
Incr~ase In susceptIbIlity, but like the HPV16 DNA-immortalized cervical epithelial cells, the
carCInoma cells are LAK sensitive and leukoregulin markedly up-regulates their sensitivity.
Thus, late passage HPV16-immortalized cervical epithelial cells, exhibits a greater
le~k?re?ulin up-regulation in sensitivity to LAK than to NK lymphocyte cytotoxicity,
mImIckIng the pattern of leukoregulin-induced up-regulation observed with the HPV16
positive cervical carcinoma cells.

Be~a~se leu.koregulin i~crease~ the se?sitivity of tumor cells to NK and LAK lymphocyte
cytotOXICIty whIle concomItantly IncreasIng the uptake of doxorubicin and other tumor
inhibitory antibiotics21 we are evaluating whether leukoregulin in combination with
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chemotherapeutic agents synergistically enhances the cytOtOXICity of NK and LAK
lymphocytes for HPV DNA containing cervical epithelial and carcinoma cells. Recent
experiments with combination leukoregulin and cisplatin (CisPt) treatment of HPVI6 DNA­
immortalized cervical epithelial cells demonstrate enhancement of target cell sensitivity to NK
and to LAK lymphocyte cytotoxicity above that exhibited by the cervical cells treated with
either agent alone. Although HPV-immortalized cervical epithelial cells and HPVI6 DNA
positive cervical carcinoma cells are relatively resistant to NK lymphocytotoxicity (Figures I
and 2), sensitivity to NK lymphocytotoxicity increases after combination treatment with
leukoregulin and CisPt for one hour (Figure 3).
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Figure 3. Enhancement of natural killer cytotoxicity for QGU cervical carcinoma
(hatched bars) and HPV16 DNA immortalized HCX16-2 cervical epilhelial cells (solid
bars) following combination treatment of Ihe target cells wilh 2.5 ulml leukoregulin
and 0.1 nM CisPt for one hour. Results are shown for a NK 10 larget cell ratio of
10:1. When the cytotoxicity over a range of NK lymphocyte to QGU target cells is
expressed in lytic units (LU), one lytic unit being the number of NK lymphocytes
necessary to produce 30% target cell lysis, the LU/106 LAK lymphocytes is <10 for
medium and for CisPt treated target cells, >20 for leukoregulin treated cells, and
>200 for the combination CisPt and leukoregulin treatment is >200 LU.

Even greater increases in cytotoxicity are observed with LAK lymphocytes where in a typical
experiment the LU/106 LAK lymphocytes for medium and CisPt treated QGU carcinoma cells
are>200 compared to >1000 for the ieukoregulin treatment and>3000 for the combination
of CisPt and leukoregulin treatment. Similar enhancement of the sensitivity to LAK
lymphocytotoxicity for HPV-immortalized and H-ras neoplastically transformed HPV­
immortalized cervical epithelial cells is produced by combination CisPt and leukoregulin
treatment as illustrated in Figure 4.

Most surprising is the observation that treatment of the HPV DNA immortalized cervical
cells, the PHI tumor producing v-Ha-ras transfected HPVI6 DNA HCX-2 cells and the QGU
cervical carcinoma cells when treated for just one hour with CisPt and y-interferon lose their
sensitivity to destruction by LAK lymphocytes (Figure 4). These are very important
observations as current combination chemotherapy using conventional drugs is not
encouraging in terms of response rate, toxicity and other side effects. Cisplatin remains one
of the drugs of choice in cervical cancer, alone or in combination with other
chemotherapeutic agents. Banomi et al.,44 however, find only a 22% response rate with
combined cisplatin and 5FU treatment in a phase II study in cervical cancer patients although
this combination of drugs produced an 88% response in squamous cell carcinoma of the head
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and neck. It is, therefore, important to determine the extent to which cytokines like
leukoregulin and interferon up- or down-regulate the degree of NK and LAK lymphocyte
cytotoxicity in the presence of anti-tumor chemotherapeutic agents. This is potentially a new
therapeutic approach for the treatment of cervical dysplasia and neoplasia.

Our investigations demonstrate that HPV16-immortalized cervical epithelial cells lose
their sensitivity to naturallymphocytotoxicity and undergo a differential cytokine-controllable
increase in their sensitivity to natural Iymphocytotoxicity during the weeks following
transfection and immortalization with HPV16 DNA.23 Leukoregulin increases the sensitivity
of the immortalized cells to NK and to LAK Iymphocytotoxicity 18-20weeks after transfection
with HPV16 DNA, with a greater degree of up-regulation by leukoregulin occurring for LAK
compared to NK sensitivity. Tay et al.,IO have shown that few NK cells are present in cervical
epithelia with HPV infections and in cervical intraepithelial neoplasia. The resistance of
HPV16-immortalized cervical epithelial cells, like HPV16 positive cervical carcinoma cells,
to NK lymphocyte killing in vitro suggests that NK cells alone may also be ineffective in vivo
in the destruction of dysplastic and neoplastic cervical cells.

_ uuko...gunn olan_
D CI.Pt alan.
[s::sJ craPt + leulconSlulln
mm GanvnGl interf.ron alan.
EZZJ CI.Pt + gamma Int.rferon

HCX16.2 QGU HCX16.2PHI

CERVICAl EPITHELIAL CELLS

Figure 4. Modulation of cervical epithelial cell sensitivity to normal human LAK
cytotoxicity by CisPt, leukoregulin, and y-interferon combination treatment. The
target cells were treated for one hour as in Figure 3 with 0.1 nM CisPt, 2.5 u
leukoregulin, 100 u y-interferon/ml or a combination of CisPt and cytokine and the
net cytotoxicity at effector to target ratios of 1 to 10:1 converted to lytic units (LV)
per one million LAK Iymphocyles. Results shown are the mean ±S.E. of the change
from the sensitivity observed without cytokine or CisPt treatment, e.g. the ratio of the
LV for the cytokine, CisPt or combined cytokine+CisPt treatment, to the LV
observed with no treatment.

NK lymphocytes, however, can function in an immunomodulatory capacity, not only
modulating other effector cells, but by regulating their own activity. They do so by producing
and releasing an assortment of cytokines, such as IFNy,27 IL-2,28 and leukoregulin20 which act
to amplify and regulate the immune response. IfN29 and IL_230.31 can act directly on the NK
cells to enhance their killer activity. Leukoregulin in contrast to IFN and IL-2 modulates
natural Iymphocytotoxicity activity by up-regulating the sensitivity of tumor target cells to
NK22 and LAKI2 lymphocyte killing. Interferon, particularly IFNa, has been used in the
clinical treatment of human genital papillomavirus infections.1s.17 The response rate of these
patients to IFN treatment is dependent on the HPV type with HPV16/18 infections showing
a lower response rate. 17 IFN can be applied topically but is usually administered systemically.
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In the later situation, it is difficult to know whether IFN, which can both up-regulate effector
lymphocytes32 and down-regulate target cell sensitivity,22,33,34 is acting directly on the abnormal
target cell, or on the immune effector cell, or both.

Our studies show that leukoregulin treatment of late passage HPV-immortalized cells
has very little effect on the sensitivity of the cells to NK lymphocytotoxicity. On the other
hand, both the HPV-immortalized cells and the cervical carcinoma cells are very sensitive to
IU-activated LAK cells and this sensitivity is increased by leukoregulin. Since it has been
shown that LAK precursor cells do exist in vivo and that their activity can be enhanced by
exogenous IL-2,35 it is possible that LAK cells may play a significant role in vivo in the
immune response against cervical neoplasia. NK cells may function as immunomodulators,
releasing substances that activate and amplify LAK cells, as evidenced by the in vitro reactivity
of LAK cells to the cervical target cells and their corresponding modulation by leukoregulin
which up-regulates target cell sensitivity to LAK lymphocytes.

Women with generalized immunodepression are reported to be at risk of developing
cervical neoplasia.36,37 However, cervical neoplasia is usually found in women who do not
present clinically with systemic immunosuppression. Hence, if immunosuppression is an
important factor in cervical carcinogenesis the suppression is probably localized. A
contributory factor to local immunosuppression may be seminal fluid which contains a
number of immunosuppressant agents38 which exert a suppressive affect on both humoral and
cellular immune responses,39,40 including NK lymphocyte cytotoxicity.41 The risk of cervical
neoplasia increases with sexual promiscuity and with early onset of sexual activity. This
results in a greater exposure to seminal fluid and an increased potential exposure to genitally­
transmitted HPV16 virus which may itself be immunosuppressive.42 The dramatic loss of
antigen presenting Langerhans' cells in the cervix of women with HPV infection and cervical
intraepithelial neoplasia43 further supports the possibility of a localized immunodeficient state
which would facilitate continued growth of the virus and its interaction with other factors in
the progression of cervical cells to the neoplastic state.

In addition to leukoregulin-induced up-regulation of target cell sensitivity to NK and
LAK lymphocytotoxicity, leukoregulin increases target cell plasma membrane permeability19
and tumor cell uptake of anti-cancer drugs.21 These observations suggest that leukoregulin
alone or in combination with anti-viral or anti-cancer drugs has the potential to play a
significant role in mediating the successful treatment of HPV16 infections and prevention of
cervical dysplasia and neoplasia. The development of HPV-immortalized human cervical
epithelial cells to study cervical carcinogenesis provides a valuable model system to define the
physiological and biotherapeutic role of leukoregulin and other cytokines in combination with
other anti-cancer therapeutics in the prevention and control of cervical dysplasia and
neoplasia.
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INTRODUCTION

Colorectal cancer is one of the most common malignancies in both
men and women in the United States, and its incidence is still rising every
year (1). At the time of initial diagnosis, less than 60% of the patients have
localized disease which is amenable to surgical treatment, and the
prognosis is even worse in the advanced stages of the disease. In addition to
surgery, or when surgery is not indicated because of metastatic disease,
alternate forms of therapy include chemotherapy and occasionally
radiotherapy. Presently, 5-fluorouracil (5-FU) is the most effective
chemotherapeutic agent, but response rate usually is not better than 20-30%
(2). Other substances have been used in combination with 5-FU , such as
leucovorin (folinic acid) and cis-platinum. These combinations only induce
a modest increase in the response rates, but often result in severe drug­
related toxicities, including 3-4% of drug related fatalities (3-5). Levamisole,
an antihelmintic drug with immuno-enhancing properties, has been
recently used in combination with 5-FU, and a moderate increase of
survival rates has been reported (6).

Advances in the understanding of the biology and function of the
soluble products of activated immune cells have lead to the novel concept of
biological response modifiers (BRM). Because of their potent activity as
immunomodulators, many of them are currently used as experimental
drugs in the treatment of oncological diseases. The potentiation of the
cytotoxic activity of immune cells has lead to the infusion of these cells with
antitumor activity into a tumor-bearing host, an approach known as
adoptive immunotherapy, which has proven to be efficacious in some
experimental animal models (7-9). After obtaining encouraging results,
this experimental system was transferred to humans, resulting in clinical
trials where patients with metastatic cancer unresponsive to conventional
therapy received infusions of large numbers of in vitro expanded
autologous lymphokine-activated killer (LAK) cells and recombinant
interleukin 2 (IL2) (10, 11). Variable results were observed ranging from a
complete absence of response to a substantial diminution of the tumor
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mass. With this regimen, however, advanced colorectal cancer showed very
limited or no response. More recently, another antineoplastic effector cell
and an alternate form of adoptive immunotherapy has been developed:
tumor infiltrating lymphocytes (TIL) are expanded in vitro and then
infused into cancer patients (12). As occurred with LAK cells and IL2
treatment, clinical trials using TIL have been already implemented, and
preliminary results have already been reported, showing a significant
response rate in selected tumors such as malignant melanoma (13, 14).

Very little investigation has been done so far in regard to the use of
BRM and activated immune cells in colorectal cancer, and TIL in
particular. According to a recent study, freshly isolated human colorectal
cancer TIL were weakly cytotoxic against autologous tumor cells, but
proliferated better than peripheral blood lymphocytes (PBL), and displayed
greater total cytotoxic activity per culture than PBL (15). In order to expand
these preliminary observation, the present study was designed aiming at
the isolation of TIL from human colorectal carcinomas, examination of
their long-term growth in response to IL2 and IL2 plus tumor necrosis
factor a (TNFa), as well as their cytotoxic activity under these culture
conditions. Moreover, the proliferative and cytotoxic activities of TIL were
assessed in parallel with those of autologous intestinal lamina propria
mononuclear cells (LPMC), which represent the cell type most likely to
mount a local immune response to large bowel tumors.

MATERIALS AND METHODS

Fifteen patients, 9 men and 6 women, aged 53-81 years, admitted to
the Cleveland Clinic Hospital for resection of primary colorectal
carcinomas, constituted the source of fresh tumor tissue and autologous
bowel mucosa. The project was approved by the Institutional Review Board
of The Cleveland Clinic Foundation. Immediately after procurement, the
malignant tissue was rinsed to eliminate necrotic material, minced in 3
mm fragments, and transferred to an enzymatic solution containing
calcium and magnesium-free Hank's balanced salt solution (HBSS), 2
mg/ml collagenase type III (Worthington, Freehold, NJ), 0.3 mg/ml
deoxyribonuclease type I (Sigma, St.Louis, MO), 5 J.1g/ml hyaluronidase
(Sigma), and a combination of penicillin, streptomycin, and fungizone.
After slow stirring for 30 minutes at room temperature, the cell-containing
supernatant was aspirated, and the cells were harvested for assessment of
number and viability. A new aliquot of fresh enzymatic solution was then
added and the procedure was repeated 2-3 times, with harvesting of cells
every 60-120 minutes. To isolate LPMC, a method previously described was
employed (16).

The tumor cell suspension containing a mixture of TIL and cancer
cells was cultured for five to eight weeks in culture medium containing
RPMI 1640, 10% fetal calf serum, 2.5% penicillin-streptomycin-fungizone,
1.5% HEPES, 0.1% gentamycin, 1% L-glutamine (Gibco, Grand Island,
NY), and 1,000 V/ml of human recombinant IL2, with and without 1,000
V/ml of human recombinant TNFa (Cetus, Emeryville, CA). Control
cultures were also performed using TNFa alone. Autologous LPMC were
cultured in parallel under identical conditions. All cultures were initiated
at a cell density of 0.5x106/ml, checked for growth biweekly, and fed
accordingly.

In order to assess TIL and LPMC cytotoxic activity (% specific lysis)
of TIL and LPMC, these cells were tested against Daudi (a natural killer-
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resistant human lymphoid cell line) target cells, and the human colorectal
cancer cell line HT-29, using a four hour 51Cr-release assay.

Statistical analyses were performed using the signed rank test, the
Student's t test, and the Wilcoxon method, and all values were expressed as
mean±SEM.

RESULTS

Fifteen tumor specimens were obtained, with a wet weight of 1 to 9 g.
Total cell recovery was 6±5x106 /g of tumor, of which 1.8±0.3 x 106 were TIL
(4 to 45%), and 4.2±0.1 x106 (55 to 96%) were tumor cells. Viability was
assessed by 0.1% trypan blue staining. Recovery of autologous LPMC from
normal colonic mucosa ranged from 3 to 10 x 106 /g, and viability averaged
90% as previously reported (16).

When stimulated with IL2 or IL2 plus TNFa, all but two of the TIL
cultures grew well, as so did all LPMC isolates. On the contrary, TNFa
alone was insufficient to induce or sustain growth, and cell viability
declined rapidly, preventing their use in functional assays. When cultured
in the presence of IL2 alone, TIL grew significantly more than autologous
LPMC (69±55 vs 6±1 fold expansion; p<0.05, at peak growth). The cell
expansion of TIL was significantly enhanced when TNFa was added to IL2
as compared to the growth rate of the same cells exposed only to IL2 (fold
expansion:198±93 vs 51±34; p<O.Ol). Under the influence of the IL2 plus
TNFa combination, TIL continued to grow exponentially for 35 days when
the cultures were terminated. In contrast, the growth of TIL cultured with
IL2 alone peaked at 21 days. Contrary to TIL, the combination of IL2 and
TNFa inhibited the growth of autologous LPMC when compared to the
growth of the same cells cultured in the presence of IL2 alone (4±1 vs 9±1
fold expansion; p=0.026).

When tested for cytotoxic function, TIL and LPMC cultured in the
presence of IL2 alone displayed comparable levels of lytic activity either
against Daudi or HT-29 target cells at an effector-to-target ratio of 50 to 1
(Table). As observed for cell growth, a differential effect was noticed with
regard to their cytotoxic activity when the same cells were cultured with the
combination IL2 plus TNFa. When compared to the cytotoxicity of the same
cells exposed only to IL2, this combination of BRM induced an increase in
the level of cytotoxicity of TIL, while causing a decrease of LPMC
cytotoxicity. At the same effector-to-target ratio of 50 to 1, the addition of
TNFa to the cultures significantly (*p<0.05) enhanced the specific killing of
TIL against Daudi, while that of LPMC decreased. In addition, at the same
effector-to-target ratio, TIL became significantly (**p=0.035) more cytotoxic
against Daudi target cells than the autologous LPMC. Similar results were
obtained when TIL and LPMC were tested against HT-29 target cells
(Table). When compared to IL2 alone, the combination of IL2 plus TNFa
significantly (***p<0.02) enhanced the cytotoxicity of TIL against this colon
cancer cell line, while depressing the cytotoxicity of LPMC against the
same target.

Target cell BRM TIL LPMC
Daudi IL2 47±12%* 45±11%
HT-29 IL2 50+5%*** 46+10%
Daudi IL2+TNFa 64±8%*,** 37±10%**
HT-29 IL2+TNFa 64±6%*** 31+8%
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DISCUSSION

This study was aimed at the investigation of the potential
antineoplastic activity of human colorectal cancer TIL by examining the
effect of the two BRM IL2 and TNFa in promoting these cells' cytotoxic
activity in vitro. In comparison with IL2 alone , this combination
significantly increased both growth and cytotoxic activity of colorectal
cancer TIL, whereas depressed the same activities of autologous intestinal
LPMC.

Recombinant human IL2 is a cytokine routinely used for long-term
expansion (17) and induction of cytotoxicity of TIL (18-21). Continuous
advances in culturing human TIL with IL2 have allowed functional studies
and clonal analysis of TIL populations, as well as provided additional
information about the characteristics of these cells in a variety of solid
tumors (18-23).

Tumor necrosis factor a has a variety of biological actions, including
in vitro direct cytotoxic or cytostatic activity against selected cell lines, and
can cause necrosis of some murine tumors in vivo (24). Among various
other effects of this cytokine are included the enhancement of IL2 receptor
expression, y interferon production, and class II MHC antigen expression
by activated lymphocytes (25, 26). Of particular relevance to this report are
several observations of the cytotoxic potentiating activity of this cytokine.
The addition of TNFa at the beginning of IL2-driven PBL cultures can cause
a la-fold increase in these cells' antitumor cytotoxic activity (27). In
combination with low concentrations of IL2, TNFa induces non-MHC­
restricted killer cells in cultures of PBL (28, 29) and synergizes with IL2 in
promoting the generation of cytotoxic T lymphocytes in human mixed
lymphocytes cultures (29, 30). Recently, the combination of IL2 and TNFa
has also been shown to modulate the in vitro cytotoxicity of TIL, as reported
for ovarian carcinoma TIL which become significantly more cytotoxic
against autologous tumor cells in comparison to the same cells cultured
with IL2 alone (31).

The results of our study clearly show that the combination of IL2 and
TNFa selectively enhance growth and cytotoxic activity of human colorectal
cancer TIL not only against Daudi but, also against the human colorectal
cancer cell line HT-29. Enhancement of TIL cytotoxicity by this combination
of BRM has been previously described in ovarian tumors (31), but this is the
first time that the combination of IL2 plus TNFa has been demonstrated to
enhance both growth and cytotoxic activity of human TIL. The use of
LPMC for control and comparison is well justified. Intestinal LPMC
represent a mix cell population which include a large number of T cells
exposed to the unique micro-environment of the large bowel mucosa (32).
These T cells are the most likely to infiltrate local neoplastic growths.
However, the effect of the IL2 plus TNFa combination induced an opposite
effect of intestinal LPMC as compared to TIL, suggesting that colorectal
cancer TIL and LPMC-derived T cells are either two functionally different
cell populations, or cells from the same population that have differentiated
along different pathways.

Obviously, additional studies are needed to better characterize
human colorectal cancer TIL grown in long-term culture under the
influence of BRM combinations. These investigations should include a
detailed phenotypic characterization, an expansion of the spectrum of
cytotoxic activity and the induction of autologous tumor cell killing, and
perhaps the use of other BRM alone or in combination with the ones used in
this study. Nevertheless, the preliminary results strongly suggest that
combinations of BRM rather than single agents appear to be more
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promising for the development of future adoptive immunotherapy with
human colorectal cancer TIL.
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INTRODUCTION

During the course of recent studies, we have discovered a major
thymus-brain connection. Our current research indicates that the
thymosins and the endocrine thymus may play a broader role in the
physiology of the body. The question of whether the thymus plays a more
general role by controlling the aging of other organ and endocrine
systems has been debated for some time. Now it appears that the thymus
may accomplish control over immunity and perhaps other systems by
influencing the functioning of T-cells and by feedback loops to the
brain. We have found that a number of novel thymosin peptides in TF5
can alone and/or in combination with pituitary releasing factors
stimulate the release of neuropeptides such as ACTH (Healy et al.,
1983), LRF (Rebar et al., 1981), GH (Spangelo et al. ,1987; Badamchian et
al., 1990, 1991); PRL (Spangelo et al., 1987); ~-END (Farah et al.,
1987), and TSH (Goya et al., 1988), thus establishing a direct link
between the endocrine thymus and neuroendocrine system. This new thymus
brain link opens up a number of interesting questions with regard to the
physiology of aging. It is possible that the decreased production of
hormones of the thymus, which occurs before the onset of puberty, may
provide a first signal to other endocrine and neuroendocrine systems to
begin the process of slowing down. Our current studies suggest that
these bioactive peptides, for which we have suggested the name
immunotransmitters (Hall et al., 1985), may hold a vital key to our
understanding of the physiological process of aging and diseases
associated with this process.

In the present study we report the isolation and characterization
of MB-35 , a new peptide with hormone-releasing activity that has been
purified from TF5. This peptide is a highly charged basic molecule of
35 amino acid residues and a molecular weight of 3756. A computer­
assisted search of published protein sequences has revealed that this
peptide has a 100% homology with a region of the histone H2A.
Biological studies using rat pituitary cells have revealed that MB-35 is
active alone or in combination with growth hormone releasing factor
(GRF) or thyrotropin releasing hormone (TRH) and can increase the
production of GH and/or PRL beyond that achievable with GRF and TRH
alone. The observation that histone H2A, the parent molecule, is
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without activity is of keen interest, since it suggests that
nucleoproteins may have heretofore unknown physiological activities
perhaps related to cell cycle and/or other events associated with DNA
activation events.

MATERIALS AND METHODS

Purification of Natural Peptide MB-35

TF5 (1.5g) was applied to a Delata-prep HPLC system equipped with
a Model 481 variable-wavelength detector with a semi-preparative flow­
cell, set at 280 nm, and a 300 x 50-mm Delta-pak, 300 A, 15-~m C18
column (Waters). Eluent A was 0.02 M ammonium acetate (pH 6.8), and
eluent B was acetonitrile. A 60-min linear gradient from 0-80% B was
run at a flow-rate of 80 ml/min (Figure 1 Panel A). TF5 was dissolved
in the initial buffer and applied to the column through a port in the
solvent delivery system. One min fractions were collected and assayed
for hormone-releasing activity.

Our results indicated that the peak of hormone-releasing activity
eluted in Fraction 46, which, therefore, was used for further
purification (Figure 1 Panel A). Fraction 46 was fractionated further
on a 150 X 3.9 mm-I.D. Delta-pak 300 A, 5-~m C18 column using model 510
HPLC system (Waters), equipped with model 441 detector set at 214 nm.
Eluent A was 0.1% TFA in water; eluent B was acetonitrile with 0.1% TFA.
Separation of peptide MB-35 was achieved by a 10 min linear gradient
from 0 to 29% B followed by a 25 min hold at 29% B. At 35.1 min the
gradient was increased to 30% B, followed by a 20 min hold at 30% B. At
55.1 min the column was washed with 50% B for 10 min. One-half min
fractions were collected and assayed for hormone-releasing activity
using normal anterior pituitary cells. Results indicated that a peak of
activity eluted in Fraction 49 (Figure 1, Panel B), which was
concentrated to 300 ~l to remove acetonitrile and chromatographed under
the same conditions. The single homogeneous peptide peak was collected
and identified as peptide MB-35 (Figure 1, Panel C) and subjected to
SDS-PAGE, IEF, amino acid composition and sequence analysis. The yield
of peptide MB-35 from TF5 is about 0.1%.

Purification of Synthetic Peptide MB-35

Peptide MB-35 has been synthesized using a solid phase procedure
(Badamchian et al., 1990). The crude synthetic material was purified on
a 150 x 3.9 mm Delta-Pak 300 A5 ~m C18 column using model 510 HPLC
system (Waters), equipped with model 441 detector set at 214 nm. Eluent
A was 20 mM potassium phosphate buffer (pH 6.0) and eluent B was
acetonitrile with 50% eluent A. Separation of synthetic peptide MB-35
was achieved with a 40 min linear gradient from 0 to 100% B with 10 min
hold at 100% B (Figure. 2A). There were several minor components in
addition to a major peak. The major peak was collected and concentrated
to remove acetonitrile and subsequently chromatographed under the same
conditions to give single peak of 0.17 g of homogeneous synthetic MB-35
(Figure 2B). The yield of the final purified product was 14%. HPLC
purified synthetic MB-35 subjected to IEF, SDS-PAGE, amino acid sequence
and composition analysis.

Electrophoresis

Analytical IEF in thin layer polyacrylamide gels was performed on
Parmacia/LKB Pagplate. Pagplate provides a pH range of 3.5-9.5 and has
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Figure 1. Flow diagram of the
fractionation of peptide MB-35 from
bovine thymosin fraction 5. Panel
A: RP-HPLC separation of 1.5 g of
TF5 (detection was at 280 nm).
Panel B: Rechromatography of the
active fraction from Panel A, used
for purifying peptide MB-35
(detection was at 214 nm). Panel C:
Rechromatography of the active
fraction (Peak 1) from panel B
(detection was at 214 nm). The
chromatographic condition is
described in Materials and Methods.
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PURIFICATION OF SYNTHETIC PEPTIDE
MB-35 BY RP-HPLC
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Figure 2. (A) RP-HPLC separation of crude
peptide MB-35 on a 3.9 mm x 15 cm Delta­
pak 300 A5 pm CIS column. Eluent A was
20 mM potassium phosphate buffer (pH 6.0)
and eluent B was acetonitrile with 50%
eluent A. The gradient condition was 40
min linear gradient from 0 to 100% B.
Detection was at 214 nm. Collected
fractions were assayed for hormone­
releasing activity using normal anterior
pituitary cells. Results are overlaid on
the chromatogram. (B) Chromatography of
synthetic peptide MB-35. Fraction 36 from
the separation of crude peptide MB-35 was
concentrated to remove acetonitrile and
chromatographed. Detection was at 214 nm.

a gel concentration of 5% and degree of cross-linkage of 3%. The
ampholine concentration is 2.4% (weight/volume). Peptide MB-35 samples
(about 20-50 pg) were applied 2 cm from cathode strip. The electrolyte
solutions used were 1 M NaOH for the cathode and 1 MH3P04 for the
anode. Isoelectric focusing was carried out for 90 min on a
Pharmacia/LKB multiphor unit with cooling to 4·C. Constant power of 25
watts was supplied by a Pharmacia/LKB Model 2103 power supply set to a
maximum current of 90 rnA and a maximum potential of 1400 V. At the end
of the run, gels were fixed in 20% trichloroacetic acid and 3.5%
sulphosalicyclic acid for 1 h.

SDS-PAGE was performed using 12% polyacrylamide slab gels (16 cm x
18 cm x 1.5 mm), according to the method of Laemmli (1970). Peptide MB­
35 samples (10-20 ~g) were incubated at 90·C for 5 min before gel
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electrophoresis. Proteins were visualized in the gels using Coomassie
Blue R-250. Molecular weight was estimated using low molecular weight
standards obtained from Bio-Rad Laboratories (Richmond, CA).

Amino Acid Analysis

Amino acid analysis was performed with the Pico-Tag amino acid
analysis system of Waters-Millipore. The method is based on the
formation of a phenylthiocarbamyl (PTC) derivative of the amino acids
from acid-hydrolyzed proteins. Peptide MB-35 samples (about 1-5 pg)
were hydrolyzed in 200 pI of a constant boiling HCl atmosphere
containing 1% (v/v) phenol at 110·C for 24, 48, 72, and 120 h in the
Pico-Tag work station. The hydrolysates were dried and the amino acids
were derivatized with phenylisothiocyanate for 20 min at room
temperature to yield the corresponding PTC derivatives (Bidlingmeyer et
al., 1984). These derivative were analyzed with the Pico-Tag amino acid
analysis system, which had been previously calibrated with a standard
mixture of amino acids.

Amino Acid Sequence Analysis

Amino acid sequence analysis based on the Edman degradation of
peptide was performed on Beckman 890M sequencer using Beckman standard
operating program 52285. The sequencer products were identified using
model 510 HPLC system (Waters) equipped with model 441 detector set at
254 nm. The peptide sequence derivative, phenylthiohydantion amino
acids were reconstituted in 10 pI of acetonitrile and 2 pI was injected
to the 150 x 3.9 rom Nova-Pak CiS column. Eluent A was 25 roM Na-acetate
(pH 5) in acetonitrile (5.5:1, v/v) and eluent B was 2-propanol in water
(3:2, v/v). The column temperature was held at 40·C.

Anterior Pituitary Cell Culture

Anterior pituitary cells from normal adult female Sprague-Dawley
rats were dispersed as described by Spangelo et al., (1990). Normal
cells were seeded into 24-well tissue culture plates (Falcon, Oxnard,
CA) at a density of 0.4 x 106 viable cells/well in 1.5 ml of RPMI-1640
medium supplemented with 2.5% fetal calf serum, 7.5% horse serum, 7.5 pg
streptomycin/ml, 15 pg gentamicin/ml, 19 pg penicillin/ml and 0.6 pg
fungizone/ml (Gibco, Grand Island, NY). The cells were allowed to
attach to the wells in a humidified atmosphere of 5% CO2 -95% air at
37·C for at least 4 d before an experiment was performed. On the day of
an experiment, the cells were rinsed twice (1 hour each) with serum-free
RPMI-1640 medium containing antibiotics.

Prolactin and GH ASSAY

Prolactin and GH were determined by standard RIA techniques using
materials and protocols supplied by the NIDDK Rat Pituitary Hormone
Distribution Program. Inter - and intra-assay variations for Prolactin
and GH were less than 8% and 10%, respectively. All samples were
assayed in duplicate, with results expressed in terms of NIDDK standards
(rat prolactin RP-3 and rat GH RP-l). Neither TF5 nor synthetic peptide
MB-35 had prolactin and GH cross-reactive material in the concentrations
used. The variability within a set of quadruplicate values was 5-10%.
The data are expressed as the mean ± SEM of groups consisting of 4
wells. Experiments were performed independently at least, with
representative results reported. Analysis of variance and the
Bonferroni analysis for multiple comparisons were used for the
statistical evaluation of these data; p <0.05 was considered
significant.
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Table 1

PURIFICATION OF PEPTIDE MB-35 FROM TF5

Purification steps
(Active Fractions)

Specific Activity
(ng hormone released/~g protein)

PRL GH

TF5 5 10
MB7 2 8
F46 6.4 21
Natural MB-35 226 98
Synthetic MB-35 212 92
Histone H2A 3 8

RESULTS

Table 1 shows the specific activity (nanogram hormone released per
microgram of peptide) as a function of the different purification steps
from TF5 to MB-35. Natural and synthetic peptide MB-35 appears to have
similar specific activity. In contrast histone H2A has no stimulatory
effect on PRL and GH release.

The preparation of natural and synthetic peptide MB-35 were
identical and free of impurities as evidence by RP-HPLC, SDS-PAGE and
IEF analysis. Figure 3 shows the comparison of purified synthetic and
natural peptide MB-35. Isoelectric focusing on polyacrylamide gels of
synthetic and natural peptide MB-35 indicates that the synthetic peptide
MB-35 moves to the similar position as the natural material with pI of
9.3 (Figure 4). SDS-PAGE analysis of the synthetic and natural peptide
MB-35 illustrated in Figure 5. Our results indicate that synthetic and
natural peptide MB-35 contain only one protein band in the molecular
weight range of 4-5 kd. Our results also indicate that purified
synthetic and natural peptide MB-35 have the identical amino acid
composition (Table 2).

Amino acid sequence analysis of peptide MB-35 was performed on an
automated Beckman 890M microsequencer, as described in Materials and
Methods. Peptide MB-35 is composed of 35 amino acid residues and has
the amino acid sequence follows.

A-I-R-N-D-E-E-L-N-K-L-L-G-K-V-T-I-A-Q-G-G-V-L-P-N-I-Q-A-V-L-L-P-K-K-T

Treatment of normal anterior pituitary cells with different doses
of the synthetic or natural peptide MB-35 results in a significant
increase in PRL and GH release. Figures 6A and 6B show concentration­
dependent influence of peptide MB-35 on PRL and GH release from normal
female anterior pituitary cells. Also tested in this assay was TF5 at
1.0 and 2.0 ~g/ml. Peptide MB-35 resulted in a significant (p<O.Ol)
increase in PRL and GH release at the 0.5 ~g/ml dosage which corresponds
to approximately 130 nM. Peptide MB-35 is significantly more potent
than partially purified TF5 in stimulating PRL and GH release.
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Table 2

AMINO ACID COMPOSITION OF PEPTIDE MB-35
Amino acid composition of natural and synthetic peptide MB-35.

Amino acid analysis was performed with Pico-Tag amino acid analysis
system. 2-5 ~g of peptide MB-35 were hydrolyzed with 6 MHCL,
containing 1% (v/v) phenol at 110·C for 24, 48, and 72 h. The
hydrolysates were dried and used for amino acid analysis by the Pico-Tag
standard procedure.

Synthetic Natural
Amino Peptide Peptide # of residues
Acid MB-35 MB-35 from sequence

D 3.9* 4.0* 1
E 3.8* 4.0* 2
G 3.0 3.0 3
R 0.9 1.0 1
T 1.7 1.5 2
A 2.9 3.4 3
P 1.5 1.9 2
V 2.8 2.6 3
I 3.1 2.5 3
L 6.2 5.5 6
K 4.1 4.4 4
N 3
Q 2

The data are presented as numbers of residues per molecule.
* Aspartic acid and glutamic acid values are the sum of their acids and
amides.
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Figure 3. Comparison of natural peptide MB-35 (A) and
purified synthetic peptide MB-35 (B) on 3.0 rom x 15 cm
Delta-pak 300 A5 ~m CIS column. Eluent A was 20 rnM
potassium phosphate buffer (pH 6.0) and eluent B was
acetonitrile with 50% eluent A. The gradient
condition was 40 min linear gradient from 0 to 100% B
and 20 min hold at 100% B. Detection was determined at
214 nm.
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Figure 4. IEF of natural
and synthetic peptide MB-35
on Pharmacia/LKB Pagplate
(pH 3.5-9.5) was performed
by loading 50 ~g of natural
and synthetic peptide MB­
35 on the gel. IEF was
carried out for 90 min on
Pharmacia/LKB multiphor
unit with cooling at 4°C.
The gel was fixed in 20%
trichloroacetic acid for 1
h.

Figure 5. SDS-PAGE of natural
and synthetic peptide MB-35. 10­
20 ~g of peptide MB-35 samples
were electrophoresed on a 1.5 mID

SDS-polyacrylamide gel and
stained wtih Coomassi Blue R-250.
Lane 1: Standard proteins from
Bio-Rad. Lanes 2-3: Natural and
synthetic MB-35 , respectively.

Figures 7A and 7B show the effects of natural or synthetic peptide
MB-35 on TRH-and GRF stimulated hormone release. Incubation of anterior
pituitary cells with peptide MB-35 elicited a concentration-related
stimulation of PRL release (p<O.Ol, Fig. 7A), with a maximum stimulatory
concentration of TRH resulting in a 400% increase in this release
(p<O.Ol) compared to the control value. Coincubation of 0.5 or 1.0 ~M

peptide MB-35 with 100 nM TRH produced an additive increase in PRL
release (p<O.Ol). Thus, peptide MB-35 increased TRH-induced PRL release
by the same increment as it increased basal PRL release. In a parallel
study treatment of anterior pituitary cells with peptide MB-35 elicited
a concentration-related increase in GH release (Fig. 7B). Similarly,
coincubation of 0.5 or 1.0 ~M peptide MB-35 with a maximum
stimulatory amount of GRF (10 nM) resulted in an additive increase in GH
release (p<O.Ol).
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CONCENTRATION-DEPENDENT INFLUENCE OF MB-35 ON PRL
RELEASE FROM NORMAL FEMALE ANTERIOR PITUITARY CELLS
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CONCENTRATION-DEPENDENT INFLUENCE OF MB-35 ON GH
RELEASE FROM NORMAL FEMALE ANTERIOR PITUITARY CELLS
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Figure 6. Dose-dependent influence of peptide MB-35
and TF5 on PRL release from anterior pituitary cells.
Cells were incubated wtih RPMI-1640 medium, peptide
MB-35 (0.25-2.0 ~m/ml), TF5 (1 and 2 ~g/ml), or TRH
(lOOnM) for 30 min. Results are expressed as the mean
± SEM of four wells. Peptide MB-35 (0.5-2.0 ~g/ml)

significantly stimulated PRL release from anterior
pituitary cells (P <0.01). B, Dose-dependent
influence of peptide MB-35 and TF5 on GH release from
anterior pituitary cells. The experimental conditions
are described in A.
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MB-35 INCREASES TRH-STIMULATED PRL RELEASE FROM
NORMAL FEMALE ANTERIOR PITUITARY CELLES

MB-35 INCREASES GRF-STIMULATED GH RELEASE FROM
NORMAL FEMALE ANTERIOR PITUITARY CELLS
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Figure 7. A, Peptide MB-35 (0.5 and 1 ~M) or
TRH (100 rum) treatment of normal anterior
pituitary cells resulted in stimulation of PRL
release (P <0.01) compared to that in vehicle­
treated wells. MB-35 (0.5 and 1 ~M) plus TRH
(100 nM) increased PRL release compared to the
effect of TRH alone (P <0.01) during a 30 min
incubation. B, Normal anterior pituitary cells
treated with peptide MB-35 (0.5 and 1.0 ~M; P
<0.01) or 10 nM GRF (P <0.05) had increased GH
release compared to the control wells. MB-35
(0.5 and 1.0 ~M) plus GRF (10 nM) increased GH
release compared to GRF alone (P <0.01) during a
30-min incubation. Results are expressed as the
mean ± SEM of four wells.



Table 3

EFFECTS OF MB-35 ON BASAL AND GRF-INDUCED
INTRA-CELLULAR cAMP ACCUMULATION

Group Intra-cellular cAMP

Control
0.5 ~M MB-35
1.0 ~M MB-35
10 nM GRF
0.5 ~M MB-35 + GRF
1.0 ~M MB-35 + GRF

0.73 ± 0.05
0.70 ± 0.04
0.77 ± 0.05
14.3 ± 0.64
15.6 ± 0.60
14.7 ± 0.60

Values are expressed as the mean ± SEM of four determinants.

Table 3 shows effects of peptide MB-35 on basal and GRF-induced
intra-cellular cAMP accumulation. The peptide MB-35 had no effect on
basal or GRF-induced increases in intracellular cAMP levels in normal
anterior pituitary cells.

DISCUSSION

Our current research indicates that a number of the peptide
components of TF5 have novel neuroendocrine properties suggesting that
the endocrine thymus may play a broader role in the physiology of the
body than heretofore recognized. The question of whether the thymus
which plays a specific role in the development and function of T-cell
immunity may playa more general role in influencing endocrine systems
has been debated for over 100 years (c.f. White and Goldstein, 1968).
Our studies add support to the hypothesis that the thymus may accomplish
control over immunity and perhaps other organ systems by producing
peptides that both influence the functioning of T-cells and hormone
producing cells of the pituitary. Our current results, showing that MB­
35, a thymic-derived peptide, stimulates the release of PRL and GH from
anterior pituitary cell, are consistent with the hypothesis that the
thymus gland secretes soluble factors capable of regulating
neuroendocrine function.

Peptide MB-35 is a very basic molecule composed of 35 amino acid
residues, that has a molecular weight of 3756. The proposed structure
of thymic peptide MB-35 has been confirmed by total chemical synthesis
and subsequent comparison to the natural product by reverse-phase high­
performance liquid chromatography, SDS-PAGE, polyacrylamide isoelectric
focusing and amino acid compositional and sequence analysis.
Biologically, synthetic MB-35 was determined to be as active as the
natural compound in stimulating growth hormone and prolactin secretion
from anterior pituitary cells.

TRH stimulation of PRL release is mediated through increased
hydrolysis of polyphosphoinositide (Gershengorn, 1986). Coincubation of
peptide MB-35 with an optimal amount of TRH causes an additive increase
in PRL release compared to the effects of peptide MB-35 and TRH alone.
These results suggest the conclusion that peptide MB-35 may have act via
a mechanism(s) different from that of TRH. Similarly, GRF stimulates GH
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release in part through its ability to increase intracellular cAMP
(Frohman and Jason, 1986). Peptide MB-35 , has no effect on normal cell
cAMP accumulation, and coincubation of peptide MB-35 with an optimal
concentration of GRF results in greater GH release than that caused by
GRF alone. The mechanism by which peptide MB-35 stimulates hormone
release, therefore, does not appear to be dependent on changes in cAMP
or polyphosphoinositide hydrolysis.

The primary amino acid structure of peptide MB-35 was screened for
similarities with GRF and TRH polypeptides. No significant similarities
were found with TRH. In contract peptide MB-35 has homology with amino
acid residues of 21-23, 30, 32, and 38 of GRF polypeptide from human,
porcine, and bovine.

Computer analysis of the primary sequence of peptide MB-35 using
the Protein Identification Resource (PIR, National Biomedical Research
Foundation, Georgetown University Medical Center, Washington, DC 20007)
computer system has established that peptide MB-35 is identical to the
residues 86-120 of a nuclear protein histone H2A isolated from human,
chicken, rat, and bovine thymus. To the best of our knowledge, this is
the first report demonstrating that a peptide fragment of nucleoprotein
can stimulate PRL and GH release or for that matter be involved in the
modulation of any hormonal response.

Treatment of normal anterior pituitary cells with different doses
of a RP-HPLC purified commercial histone H2A (the possible-parent
protein of peptide MB-35) from calf thymus did not effect PRL and GH
release (Table 1).

Mammalian histone H2A is 129 residues long. Histone H2A is one of
the most conserved proteins among both lower and higher eukaryotes.
Such a high degree of evolutionary conservation and wide spread
occurrence implies that histone H2A must play a role in one or more
critical functions within the cell. Protein A24 is a dimer of histone
H2A and non histone chromosomal protein (NHCP). The N-terminus portion
of NHCP is termed ubiquitin. In bovine thymus A24, the two chains are
linked by an isopeptide bond between histone H2A lys-119 and the
carboxy-terminal Gly of NHCP. Figure 8 shows the proposed structure of
nuclear protein A24 (Hunt and Dayoff, 1977; Goldknopf and Busch, 1980)
and postulated relationship between histone H2A, NHCP, and the relative
location of peptide MB-35. It has been proposed that the highly
conserved central region (residues 12-118) of histone H2A is less
exposed in the nucleosome than are the terminal, more variable regions,
which may then have different functional roles (Bohm et al., 1980).

The full significance of the relationship between peptide MB-35
and histone H2A has not been fully ascertained. However, recent reports
by Reichhart et al., 1985a; 1985b) suggests that some his tones may
exhibit hormone-like activity. Homeostatic thymus hormone (HTH) has
been ascribed to have various activities, including acting as a
synergist of GH. The primary amino acid structures of HTHa/H2A and
HTHP/H2B were screened for similarities between various TF5 peptides,
including thymosins aI' all' P4' pg, and thymopoietins. No significant
similarities were found. Aten, et al., (1989) reported that the ovarian
gonadotropin-releasing hormone (GnRH)-binding inhibitor is histone H2A.
It inhibits the high affinity binding of GnRH to rat ovarian membrane
and also evokes GnRH-like antigonadotropic responses in rat ovarian
cells that do not appear to be mediated by binding to GnRH receptors.
They suggest that histone H2A may have a previously unexpected role in
the local regulation of ovarian function.
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Figure 8. A proposed structure for
nuclear protein A24. One of the two
chains in the complex is histone H2A, with
a blocked amino end. The other chain,
NHCP, is composed of ubiquin plus a
hydrophillic segment. The carboxyl­
terminal of NHCP is linked to histone H2A
through an isopeptide linkage. See
Discussion for details on the possible
relationship of these proteins.

The observation that some nucleoprotein components, in addition to
their structural function within the cell, may have important hitherto
unknown roles in regulating physiological responses is of keen interest.
During cell activation it is known that histone and non-histone
nucleoproteins are released by proteases and migrate to the cytoplasm
(Hunt and Dayoff, 1977). Our studies suggests that some of these
proteinsjpeptides (nucleokines) may have important extracellular
paracrine and/or endocrine functions. However, at this time, the
possibility that peptide MB-35 might be the degradation product of some
different protein other than A24 or histone H2A cannot be excluded.
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INTRODUCTION

Biological response modifiers (BRM) are being developed as a
potential fourth modality for cancer treatment to supplement the three
currently accepted modalities, chemotherapy, radiotherapy, and surgery
(1). There are several possible approaches to the use of immunoactive
cytokines as part of combined modalities for cancer treatment. First,
cytokines can be used in combination with one or more of the traditional
modalities for cancer treatment. The rationale for such an approach is
that either the mechanisms for the antitumor effects of the cytokines
versus those of the other modality will differ leading to enhanced
antitumor effects, or that the effects of one will enhance the activity
of the other. In either case the efficacy of the combination should be
greater than either modality alone. Second, different combinations of
cytokines should be complementary based on their interaction as part of
the cytokine cascade that regulates immune responses. We are studying
different preclinical models that fall into both types of combined
modality approaches. It has been reported that interleukin 1 (IL-l) can
protect mice from the acute toxicity of some chemotherapeutic drugs (2­
4) and that this ability to dose escalate chemotherapy translates into
enhanced antitumor efficacy (4), although some late toxicity becomes
evident (4). In addition, we are studying the hematoimmunological
effects of various T cell-stimulating cytokines (5-7) under the
hypothesis that the enhancement of the appropriate T cell functions will
lead to increased antitumor efficacy.

In this report we will describe our recent results relating to the
mechanism by which rhIL-la protects mice from the acute toxicity of
selected chemotherapeutic drugs, as well as our initial results on the
preclinical hematoimmunological and antimetastatic effects of
recombinant human interleukin 7 (rhIL-7).

MATERIALS AND METHODS

Mice.
Production
Frederick,
conditions

BALBjc or C57BLj6 mice were obtained from The Animal
Area, Frederick Cancer Research and Development Center,
MD. The mice were maintained under specific pathogen-free
and used at 6 to 8 wk of age. After treatment with
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chemotherapeutic drugs, mice were maintained five per cage inside filter
bonnets in an isolation room.

Agents. rhIL-la (sp. act. 2xl07 U/mg protein) was generously
provided by Dainippon Pharmaceutical Co. (Tokyo, Japan). Recombinant
human IL-7, which was produced in E. Coli and purified by Immunex
Corporation, was generously supplied by Sterling Drug, Inc., Malvern,
PA. The rhIL-7 had a specific biological activity of 2-5xl07 U/mg of
protein, as measured by proliferation of a murine pre-B cell line;
endotoxin levels were <0.1 ng/mg IL-7. Recombinant human interleukin 2
(rhIL-2) was generously donated by Cetus Corporation (Emeryville, CA).
The rhIL-2 had a specific activity of l8xl06 international (WHO)
Units/mg and contained less than 0.012 ng endotoxin per mg protein.
Cyclophosphamide (Cy) was purchased from Sigma Chemical Co. (St. Louis,
MO), 5-fluorouracil (5FU) was purchased from LyphoMed. Inc. (Rosemont,
IL), cisplatin, 1,3-bis-(2-chloroethyl)-1-nitrosourea (BCND) , and
carboplatin were purchased from Bristol Laboratories, Syracuse, NY, and
adriamycin was obtained from Sigma Chemical Co., St. Louis, MO.

Chemoprotection Studies. Mice were pretreated ip once per day for
7 days (0.5 ~g/day) with rhIL-la. One day after the last administration
of rhIL-la, the mice received doses of various chemotherapeutic drugs
that were known to be acutely toxic for normal mice. A number of
hematological parameters were monitored at various times thereafter, and
a cohort of 10 mice per group was also monitored for long-term survival.

Hematoimmunological and Antimetastatic Effects of rhIL-7. Normal
or tumor-bearing mice were injected with either HBSS + 0.1% normal mouse
serum (NMS) , IL-7 + HBSS + 0.1% NMS or IL-2 + HBSS + 0.1% NMS. At
various periods of time thereafter, groups of mice were euthanized and
examined for alterations in total cellularity of various lymphoid
organs, changes in leukocyte subset composition in the spleen, effects
on the frequency of hemopoietic progenitor cells, and antimetastatic
effects.

RESULTS

Chemoprotective Effects of rhIL-la. Previous studies from our own
(4), and other laboratories (3) demonstrated that pretreatment with
rhIL-l protected mice from the acute death induced by Cy. The present
study documents that this protection from acute toxicity by pretreatment
with rhIL-la also extends to a variety of other chemotherapeutic drugs
that have myelosuppression as their dose-limiting toxicity. The
results, summarized in Table 1, demonstrate that a 7 day pretreatment
regimen with rhIL-la protects mice against the acute toxicity (LDgo ) of
several drugs (5FU, Cy, BCND, and carboplatin) that have
myelosuppression as their primary dose-limiting toxicity. In contrast,
the same pretreatment regimen of rhIL-la administration failed to
protect mice from the acute toxicity induced by an LDgO dose of
cisplatin or adriamycin which have nephrotoxicity and cardiotoxicity as
their primary dose-limiting toxicities, respectively.

The relationship of chemoprotection by rhIL-la to myelotoxicity was
further investigated by monitoring the degree of leukopenia, and the
rate of recovery in mice that had been treated with 5FU or Cy alone, or
with rhIL-la in combination with 5FU or Cy. The results of these
studies demonstrated that the pretreatment of mice with rhIL-la reduced
the nadir of myelosuppression slightly, but appreciably accelerated the
regeneration of CFU-c and peripheral white blood cell levels. Further
studies demonstrated that the performance of a bone marrow transplant
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Table 1. Chemoprotective Effects of rhIL-la in Micea

Drug BM Chemo- (% Rescue Dose-limiting
(mg/kg) Recoveryb protection survival)C by BMTd toxicity

sru Increased Yes (>90) Yes Myelosuppression
Cy Increased Yes (>80) No Myelosuppression
BCNU NDe Yes (>70) ND Myelosuppression
Carbo- ND Yes (>70) ND Myelosuppression
platin
Cisplatin ND No «20) ND Nephrotoxicity
Adria- ND No «20) ND Cardiotoxicity
mycin

aMice were pretreated ip with 0.5 ~g of rhIL-la daily for 7 days prior
to the administration of acutely toxic doses of various
chemotherapeutic drugs. Cohorts of mice were euthanized at various
times thereafter for assessment of the effects of rhIL-la on
chemotherapy-induced myelosuppression and one cohort of 10 mice per
group was monitored for survival.

bVarious parameters were monitored for rate of hematopoietic recovery,
including total WBC and neutrophils, as well as cru-c levels in the
bone marrow and spleen.

CSurvival from acute toxicity was routinely assessed at day 30.

dMice that had been treated with acutely toxic doses of sru were
transplanted 4-48 hrs later with l-3xl07 total syngeneic bone marrow
cells.

eND = not determined.

(BMT) within 48 hours of the administration of a lethal dose of sru
provided efficient rescue of these mice, suggesting that the mechanism
by which pretreatment of mice with rhIL-la protects mice from sru­
induced toxicity is largely myeloprotective/restorative. Interestingly,
BMT failed to rescue mice treated with Cy, while pretreatment with rhIL­
la was quite effective. This result suggests that pretreatment with
rhIL-la protects against both myelotoxic, as well as some non­
myelotoxic, effects of Cy. Overall these results suggest that rhIL-la
may be useful for dose-intensification of a variety of chemotherapeutic
drugs.

Hematoimmunological and Antimetastatic Effects of rhIL-7 in Mice.
T lymphocytes are particularly potent antitumor effector cells.
Therefore, cytokines that stimulate T cells should ultimately prove very
useful in concert with other immunoactive cytokines and/or with
chemotherapeutic drugs. Recently, rhIL-7 has been reported to affect
the growth and function of both mature and immature T cells (8-11), as
well as the differentiation pattern of myeloid progenitors. Based on
these preliminary studies, we have undertaken a detailed analysis of the
hematoimmunological effects of rhIL-7 in mice. The results of these
studies are summarized in Table 2. The administration of daily doses of
5 and 10 ~g rhIL-7 to mice for 4 to 7 days induces a pronounced (5-10
fold) leukocytosis in the peripheral blood and spleen, and about a 3
fold increase in lymph node cellularity. This increase occurs largely
because of an increase in B220+ B lymphocytes. In addition there is an
increase in the total number of both CD4+ and CD8+ T cells, with the
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Table 2. Hematoimmunological Effects of rhIL-7 in micea

Parameter Results

White blood cell levels

Subset analysis (spleen)

Leukocyte Functions

Progenitor analysis

Leukocytosis in spleen and peripheral
blood (5-10 fold) and lymph nodes
(3-4 fold)

Increase in the % of pre-B cells.
Preferential increase in the number of
CD8+ T cells.
Reversal of the CD4/CD8 ratio.
Increase in IL-2R expression.

No increase in NK activity.
Increase in LAK activity at high doses.
Increase in baseline proliferation.

Decrease in the number of CFU-c and
CFU-GEMM in the bone marrow (>90%).
Increase (5-10 fold) in the number of
CFU-c and CFU-GEMM in the spleen.

aC57BL/6 mice were treated ip twice daily with 5 or 10 ~g/injection of
rhIL-7. Groups of mice were euthanized on days 4 or 7 and analyzed
for changes in the hematoimmunological parameters shown.

effects on CD8+ T cells predominating such that the CD4/CD8 ratio goes
from about 2:1 to 0.8:1. Coincident with these phenotypic changes, an
increase in baseline proliferation rate was detected. Further studies
revealed that rhIL-7 administration also induced a profound decrease
(>90%) in the number of CFU-c and CFU-GEMM that could be cultured from
bone marrow cells and a 5 to 10-fold increase in splenic CFU-c and CFU­
GEMM.

Because the administration of rhIL-7 to mice caused profound
perturbations in the frequency of hematopoietic progenitor cells, as
well as alterations in lymphocyte subsets, studies were performed to
determine whether rhIL-7 would have antimetastatic properties in mice.
The data summarized in Table 3 demonstrate that the twice daily
administration of rhIL-7 at doses ~ 5 ~g/injection for 5-10 days
appreciably inhibited the number of pre-existent experimentally induced
Renca metastases in the lungs of syngeneic mice. This effect is dose­
dependent and has been observed in several murine tumor models.
Preliminary data obtained from experiments designed to study effects of
rhIL-7 on hepatic Renca metastases suggest that rhIL-7 may enhance the
antimetastatic effects of rhIL-2. Overall, these results demonstrate
that rhIL-7 has antimetastatic effects against at least some rodent
tumors, and suggests that a further investigation of its antimetastatic
potential is warranted.

DISCUSSION

The results presented herein demonstrate that rhIL-la can be used
to dose-escalate several chemotherapeutic drugs. The mechanism for
these chemoprotective effects is related, but not limited to
myeloprotection. The implication of these findings is that cytokines
may be useful for dose-intensification of active chemotherapeutic drugs
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Table 3. Antimetastatic Effects of rhIL-7 Against Murine Renal Cancera

Site of
Experimental
Metastases

Lung

Liver

Treatment
(~g/injection)

rhIL-7 (~ 1 ~g)

rhIL-7 (~ 5 ~g)

rhIL-7 (5 ~g)

rhIL-2 (lO~g)

rhIL-7 (5 ~g)

+
rhIL-2 (10 ~g)

% Inhibition of the
Median Number of
Metastasesb

<10
40-75

<10
70

90

aBALB/c mice were injected on day 0 with lxl05 Renca cells intravenously
or intrasplenically for the formation of pulmonary or hepatic
metastases, respectively. On days 3-8 or 3-12 cytokines were
administered ip twice daily at the indicated doses. Grossly visible
metastases were enumerated on days 14-16.

bComparison to tumor-bearing mice treated only with HBSS.

against some tumor types. Preliminary preclinical studies have already
demonstrated that this approach may lead to increased therapeutic
efficacy (4). These results also re-emphasize the potential benefits of
combined modality approaches to cancer treatment.

We have also begun a detailed evaluation of the effects of rhIL-7
in mice, and have reported that rhIL-7 has pronounced effects on the
hematological and immunological systems as well as anti-metastatic
effects. These results suggest that a more detailed investigation of
the mechanism(s) for these effects will be beneficial, as will studies
to relate the immunological perturbations to the antitumor effects of
rhIL-7. Ultimately, rhIL-7 may prove useful as a lymphopoietic agent
(12), as well as for cancer treatment. Its anticancer properties will
most likely be maximized in the combined modality setting.
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INTRODUCTION

Nowadays a new category of substances defined as "Biological response
Modifiers" (BRMs) is currently under careful experimentation in order to
ascertain its effectiveness in the stimulation of immune response. Among these
various substances, the interferons (IFNs) (Bunn et al., 1986; Jaffe and
Herberman, 1988), the interleukin 2 (IL-2) (Rosenberg et al., 1984; Lotze et
al. ,1985a; Lotze et al., 1985b), and the thymic hormones (THs) (Hooper et al.,
1975 ;Goldstein and Schulof, 1984), are important particularly in the studies on
experimental immunotherapy of cancer in animals and in humans. These
substances, share the common characteristic of being physiologically involved
in the regulation of the ontogenesis and of the activation of different immune
cells, and are considered to exert a certain selective action on the immune
response. Furthermore they are available in large quantities by biotechnological
(IFNs and IL-2) or by chemical synthesis (THs) techniques. Results, however,
have not always been positive and sometimes inferior to expectations and
indicate that when applied alone, these BRMs display only restricted efficacy.
One of the difficulties affecting these results could be that of establishing
treatment dosages which must produce simultaneously both biological action and
non-toxic effects. Another potential difficulty, particularly for IL-2 and IFNs,
is the possibility of tumor cell resistance to cytokines, as recently described
(Killion and Fidler, 1990). This resistance could be attributable either to
non-responsiveness of host killer cells to the cytokines stimulating action, or to
the tumor cells resistance to the cytotoxic activity by stimulated attacker cells.
Since, on the basis of the actually available results, it seems that none of the

known BRMs, when utilized alone, is able to block tumoral progression in
humans (Hadden ,1988), many research groups are now trying the route of
combination therapies using more cytokines with or without chemotherapy. The
goal of these studies is to find two or more BRMs with additive action or, more
interestingly, to find combination treatments with a synergistic effect in order
to obtain a powerfull antitumoral action and also to overcome the resistances to
cytokines. In general a rational combination could be the use of two or more
cytokines that affect, in parallel, different target cells and so stimulate
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different effectors with the same target, or the use of two or more cytokines that
affect, in series, the same effector at different stages of maturation in order to
prepare it to be more sensitive to the effect of the following one.
With this last concept in mind, our research group has made an original

contribution to the development of this new, exciting and encouraging area of
research, having studied for years the combination between THs and IFN and,
more recently, between THs and IL-2 (Favalli et al., 1985; Garaci et al., 1988;
Favalli et aI., 1989; Garaci et aI., 1989; Garaci et aI., 1990; Mastino et aI.,
1991). Here we report a review of the results of our studies in this field.

SYNERGISTIC ACTION OF THYMOSIN a 1 AND INTERFERON

During recent years it was demonstrated that treatment with thymosin was
able to stimulate a and IFN (Huang et aI., 1981; Svedersky et al ., 1982).
Some time after that we showed that thymosin a-1 (Tal) (Goldstein et aI., 1977)
and aB IFN were able to induce a synergic action on the stimulation of NK
activity in animals immunodepressed by means of cyclophosphamide (CY) . In this
study we found that neither Tal or IFN, when administered alone, were effective
in restoring NK activity in CY suppressed mice; however, when both were given
in combination, there was a synergistic effect and NK activity was significantly
restored. Following these studies it was proved that such a synergic effect
between THs and IFN, in NK activity stimulation, can also be obtained in vitro
in circulating human lymphocytes (Serrate et aI., 1987).
In further studies we have shown that a combined treatment with Tal and aB

IFN powerfully stimulates NK activity in animals suppressed by tumor growth,
who were not responding to IFN alone (Favalli et aI., 1989).
Since it has been proved that NK activity plays an important role in host

defence against tumors, we have examined the possible correlation between
restored NK response and the effect on experimental tumor growth. In fact
combination treatment with Tal and IFN caused a certain slowing-down in B16
Melanoma and in Lewis Lung carcinoma (3LL) tumor growth. It also caused an
increase in animal survival time, but no long-term survival could be obtained

Table 1. Effects of in vivo administration of Tal and
murine interferon aB in combination with
cyclophosphamide (CY) on survival time in 3LL
bearing mice.

Untreated
CY
CY+Ta1
CY+IFN
CY+Ta1+IFN

%mortalityb

100
90
65
90
25

a C57BL/6NcrlBR mice were challenged with 2 x 105

3LL viable cells s. c. Mice were then divided into
experimental groups and treated as described.

b Mortality was calculated on day 90.
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(Garaci et a1., 1989). Since it has been demonstrated that immunotherapy could
have a synergistic effect with chemotherapy, we have attempted to find out if
THs and IFN treatment could prove more effective if administrated in
combination with chemotherapy. As a consequence we performed experiments
which demonstrated that the combination treatment with Tal (200 Ilg/Kg) for
four days, followed by a single injection of murine IFN aB (3 x 104 IU/mouse),
starting two days after CY treatment (200 mg/Kg, single injection) caused a
rapid disappearance of the tumor burden in mice with 3LL. The chemo­
immunotherapy protocol was effective even on the long-term survival of 75%
of the animals (table 1).
Results were significantly different when compared to treatment with the single
agents in conjunction with chemotherapy or to chemotherapy itself. In order to
explain the mechanism of the antitumoral action, immunological studies were
carried out. The results of these studies have shown that the same
immunotherapy combination treatment strongly stimulated NK activity (table 2)
and cytotoxicity against autologus 3LL tumor cells, in 3LL tumor bearing mice
treated with CY, whereas treatments with each agent singularly did not or only
slightly modified the cytotoxic activity towards both YAC-1 and 3LL target cells.
The killer cells stimulated by chemoimmunotherapy combination treatment bear
the phenotypic characteristics of asialo GM1 positive cells. A histological study
has shown a high number of infiltrating lymphoid cells in tumors obtained from
mice treated with chemoimmunotherapy combination (Garaci et a1., 1990).

SYNERGISTIC ACTION OF THYMOSIN a 1 AND INTERLEUKIN 2

Previous studies have demonstrated in animals and in humans that systemic
administration of IL-2, alone or in combination with IL-2 expanded lymphocyte

Table 2. Effects of in vivo administration of Tal and
murine interferon aB on cytotoxic activity
in 3LL bearing mice.

Mean LU 20/Spleen (Mean+S.D.- Mean-S.D.)

Group"

Normal
Untreated
CY
CY+Ta1
CY+IFN
CY+Ta1+IFN

TARGET: YAC-1

486.1 (527.1-448.9)
313.7 (331.6-297.6)
28.3 ( 32.0- 25.3)
26.6 ( 28.3- 25.2)
29.0 ( 30.8- 27.3)
131.0 (147.1-116.6)

a 3LL (2x105 viable cells) was inoculated s.c. in the
flank 14 days before testing the cytotoxicity.
A group of normal, not tumor-bearing mice, was also
examined.
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(LAK), results in the generation of cytotoxic cells which can mediate and/or
ehance tumor regression (Mule et al. , 1984; Mule'et aI., 1985). Despite the wide
usage of IL-2 in cancer treatment, which has sometimes had encouraging
results, it is limited by marked side effects since the therapeutical blood levels
of IL-2 are very toxic and poorly tolerated. As a consequence a number of
attempts have been made to overcome this problem. It has been demonstrated
that thymosin a 1 can upregulate the expression of high affinity IL-2 receptors
in mitogen-stimulated human PBL or LGL and enhance IL-2 production (Serrate
et aI., 1987). Moreover, we have recently observed that in vitro or in vivo
pretreatment with Tal potentiates IL-2 induced cytotoxic activity of spleen cells
from normal mice and tumor or CY suppressed mice. Enhanced cytotoxic activity
was directed against both NK sensitive YAC-1 cells and NK resistant MBL-2
cells, thus indicating a LAK-type phenomenon (Mastino et aI., 1991). One
possible explanation of these results could be the effect of Talon the
maturation of less differentiated non-cytolytic and/or IL-2-low-responsive
progenitor cells. These cells may be stimulated by Tal to have a higher affinity
for IL2 , resulting in increased cytotoxic activity after exposure to IL-2. In fact,
results previously obtained by our group in bone marrow chimera experiments,
suggest that Tal can influence the in vivo process of maturation of bone marrow
progenitor cells to cytolytic effectors (Favalli et aI., 1985).
We have, thus, studied the effect of the in vivo administration of an

immunotherapeutic protocol with THs and IL-2, on the cytotoxic activities of 3LL
tumor-bearing mice, with or without chemotherapy treatment. The results show
that a combination treatment with Tal (200 /J.g/Kg) for four days, starting ten
days after tumor inoculation and followed by human recombinant IL-2 (3x 50.000
U. /mouse/day) for four days more, caused an evident increase in cytotoxic
activity against both NK sensitive and NK resistant target cell lines . A similar

Table 3. Effects of in vivo administration of Tal and
human recombinant IL-2 on cytotoxic activity
in 3LL bearing mice.

Mean LU 10/Spleen (Mean+S.D.- Mean-S.D.)

Untreated
Tal
IL2
Ta1+IL2
CY
CY+Ta1
CY+IL2
CY+Ta1+IL2

TARGET: YAC-1

208.0 (266.5-163.8)
220.2 (266.2-183.0)
340.4 (369.8-312.2)
719.6 (938.0-386.4)
110.2 (130.0- 93.6)
131.5 (139.3- 91.6)
187.4 (231.1-152.3)
429.8 (486.6-379.3)

TARGET: MBL-2

0.3 ( 18.5-<0.01)
5.9 ( 29.6- 1. 2)
108.5 (193.0- 61.6)
532.0 (730.8-386.4)
1.1 ( 24.4- 0.4)
9.5 (31.5- 2.7)
28.6 ( 63.7- 13.0)
349.2 (522.6-233.2)

a 3LL (2x105 viable cells) was inoculated s.c. in
the flank 18 days before testing the cytotoxicity
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effect was observed in CY ( 200 mg/Kg, single injection, on day 8 after tumor
inoculation) treated mice (Table 3). Our results clearly show how a treatment
with Tal and IL-2 in vivo can exert a powerful and impressive synergistic action
on cytotoxic functions of immune cells.
Since IL-2 induced killer cells playa critical role in the defence against

tumors, the above described results could provide an additional rationale for the
novel use of Tal in combination with IL-2 in vivo in cancer treatment.
Consequently we have performed experiments on the effects of Tal and IL-2,
singularly or in combination of the two, directly on the tumorous growth of 3LL
tumor. Moreover, considering the fact that it was demonstrated how
chemotherapy could synergize with IL-2 and that our results demonstrate that
Tal plus IL-2 act synergistically in CY-treated 3LL bearing mice, we have also
evaluated the effect of Tal and IL-2 in tumor- bearing mice treated with CY.
Mice of different experiments were inoculated with 2 X 105 viable 3LL cells in

0.1 ml of HBSS subcutaneously in the right flank. Tumors were measured daily
bidimensionally using caliper and survival time was controlled. Eight days after
tumor inoculation, the mice were randomized, divided into different experimental
groups which received or did not receive CY (200 mg/Kg in single injection on
day 8 after tumor inoculation) and treated with: a) control diluent; b) Tal i.p.
200 J-lg/Kg for four days starting on day 10 after tumor inoculation: c) IL-2
150.000 I. U. / day fractioned in three injections i. p. for four days starting on
days 14; d) the same treatment as group b followed by treatment of group c, 24
hours after the last injection of Tal.
The results of these experiments showed that combined immunotherapy

treatment with Tal and IL2 can significantly slow the tumor growth and prolong
survival time, with reference to non-treated controlled animals and to those
which had been inoculated with the single substances. The effect is even more
evident if one combines immunotherapy with CY-treatment. On the other hand,

Table 4. Effects of in vivo administration of Tal and
human recombinant interleukin 2 (hrlL2) in
combination with cyclophosphamide (CY) on
survival time in 3LL bearing mice.

Untreated
CY
CY+Ta1
CY+hrIL2
CY+Ta1+hrIL2

%mortalityb

100
85
70
65
o

a C57BL/6NcrlBR mice were challenged with 2 x 105

3LL viable cells s.c. Mice were then divided into
experimental groups (20 animals each) and treated
as described in the text.

b Mortality was calculated on day 90 after tumor
inoculation. All surviving mice were tumor-free.

279



the combined immunotherapy treatment alone did not alter, in these
experiments, the long-term survival of mice, while when immunotherapy was
associated to CY-treatment, tumor disappearance in 100% of mice and long-term
survival in all treated mice was observed (table 4)

CONCLUSIONS

Given the complexity of the immune response and the abnormalities induced
in the host both by the presence of the tumor and by the therapies, it is not
surprising that immunotherapy of tumors has not been very succesful. Attempts
to exploit antitumoral immunotherapy will in the near future be concentrated
either on phenotypic and functional study of the involved immune cells or on a
deeper understanding of the complex network of intercellular messages that
immunocompetent cells exchange through cytokines. This will enable us to fully
exploit the potentialities of these substances, through the development of
protocols of experimental and clinical models of immunotherapy. In this direction
it could be reasonably be expected that combinations of different cytokines
could provide better therapeutical potentialities.
The results of our studies have demonstrated that pretreatment with thymic

hormones restored the IFN boosting activity in tumor, chemotherapy suppressed
mice, in which none of the single agents alone was active. Furthermore, in
subsequent study we proved that Thymosin al was able to increase the
stimulating effect of IL-2 on lymphoid cells. Finally, we have now demonstrated
that Ta 1, given in combination with IFN or IL-2 strikingly potentiates
chemotherapy in curing 3LL tumor bearing mice. These experimental models are
easily transferable to clinic practice since particular side effects are not alike
to be forseen as, on the other hand, the results of a pilot study we are carrying
out on man, are demonstrating.
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INTRODUCTION

Several studies have recently shown that the combined
treatment of tumor-bearing animals with multiple cytokines
results in a more potent antitumor effect than single
cytokine therapy (1-9).

In past studies we used mice transplanted with highly
metastatic Friend leukemia cells (FLC) to investigate the
antitumor effects of interferon (IFN)-a/~ (10-12), tumor
necrosis factor (TNF) a (13,14), IL-l~ (15) and IL-2 (8).
Peritumoral injections of IL-2, alone or in combination with
LAK cells, did not inhibit the development of spleen or liver
metastases, although some inhibition of the primary s.c. FLC
tumor was observed (8). In contrast, injection of IFN-a/~

resulted in a clear-cut inhibition of liver and spleen
metastases (11,12). IL-l ~ induced a marked reduction of
tumor growth and an increased survival time, as compared to
control mice (8,15). In particular, we have recently observed
that the combined treatment of mice transplanted with FLC
with both IL-l and Il-2 resulted in an antitumor effect
greater than that observed with either cytokine alone (8,9).

In this article we provide additional evidence
indicating that the combined IL-l/IL-2 treatment is highly
effective not only in mice injected with FLC but also in
mice transplanted with a different highly metastatic tumor
cell line (i.e., ESb lymphoma cells).

We describe herein that the combined IL-l/IFN-a/~

treatment of mice injected with FLC also results in a
synergistic antitumor effect and in a marked inhibitory
effect on the development of liver and spleen metastases.

MATERIALS AND METHODS

Mice. six week-old male DBA/2 mice were obtained from Charles
River (Italia Calco, Italy).

Combination Therapies, Edited by A.L. Goldstein and
E. Garaci, Plenum Press, New York, 1992 283



Tumor cells. IFN-a/fi-resistant 3CI-S FLC (16) were serially
passaged i.p. in syngeneic DBA/2 mice (17). ESb lymphoma
cells (IS) were kindly provided by Dr. V. Schirrmacher
(Heidelberg, FRG).

Cytokines. Mouse IFN-a/fi was prepared as described elsewhere
(19). Human recombinant IL-2 (Hoffmann La Roche) was obtained
through the National Cancer Institute (Dr. Michael J.
Hawkins, Chief of the Investigational Drug Branch).
Electrophoretically pure human r-IL-l-fi was provided by
Sclavo (Siena and Cassina de Pecchi, Italy), through the
courtesy of Dr. D. Boraschi (Centro Ricerche Sclavo, Siena).

Antibodies to asialo GMl, CD4 and CDS antigens. Anti-asialo
GMI rabbit antibody was purchased from WAKO Chemicals GMbH
(Neuss 1, West Germany). The rat hybridoma cell mAb GKl-5
producing mAb to CD4 and the rat hybridoma cell MAb 53-6.7
producing MAb to CDS were passaged i.p. in Balb/c nude mice.
Details concerning the antibody preparations and the
conditions for the in vivo experiments are described
elsewhere (9).

RESULTS AND DISCUSSION

1) combined therapy with IL-l and IL-2
Fig. 1 shows the results of a representative experiment

which illustrates the synergistic antitumor effects of
IL-l/IL-2 in mice injected with FLC.

DBA/2 mice were injected s.c. with FLC and, after 6
days, were treated peritumorally with IL-l~, IL-2 or a
combination of both cytokines. IL-lfi induced a marked
inhibition of tumor growth and a clear-cut increase in
survival time. In agreement with previous findings (S), s.c.
treatment with IL-2 alone resulted in a slight inhibition of
tumor growth (data not shown), but no increase in the mean
survival time. The concomitant treatment with both IL-l and
IL-2 resulted in a synergistic antitumor effect: 60% of the
IL-l/IL-2-treated tumors regressed 3-4 weeks after tumor
cell injection and a few days after treatment had been
discontinued.

We have studied the host mechanisms involved in the
potent antitumor effects observed in FLC-injected IL-l/IL-2
treated mice (9). The antitumor action of IL-l/IL-2
treatment was abolished or markedly reduced in mice treated
with antibodies to CD4 or CDS antigens, whereas antibodies
to asialo-GMI were ineffective (9). On day 20,+a clear-cut
increase in the percentage of CD4+ and CDS cells was
observed in the spleens of cytokine-treated FLC-injected mice
(Fig. 2, panel A). At this time, infiltrates of host reactive
cells (i.e., lymphocytes, granulocytes and monocytes) were
observed in both spleen and liver from FLC-injected mice
treated with IL-l/IL-2. On day 20, spleen cells from
IL-l/IL-2-treated mice exerted a potent antitumor effect as
determined by Winn assay experiments. This antitumor activity
was abolished by preincubation of spleen cells with anti-CDS
antibody, but not significantly by treatment with antibodies
to asialo-GMI (Fig.2, panel B).

2S4



It was interest to determine whether the combined
IL-1/IL-2 treatment was also effective in mice transplanted
with different metastatic tumor cells. We have then
investigated the antitumor effects of IL-1 and IL-2 (alone or
in combination) in mice transplanted s.c. with ESb lymphoma
cells which also metastasize to the liver and to the spleen
when injected s.c. in DBA/2 mice. As shown in Fig. 3, the
IL-1 treatment did not result in any significant increase in
the survival time of ESb cell injected mice. In contrast, in
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Fig. 1. Antitumor effects of peritumoral injection of IL-1 g,
alone or in combination with IL-2, in mice transplanted
s.c. with 3Cl-8 FLC. 6

DBA/2 mice were injected s.c. with 2x10 FLC. On day 6,
mice were divided into the following groups: 1) saline; 2)
IL-1-~; 3) IL-2; 4) IL-1-~ + IL-2.

Mice were injected peritomorally (0.2 ml per mouse,
twice per day on days: 7-9;14-16;21-23. There were 10 mice
for each group.
IL-1 ~: 250 ng/treatment
IL-2: 20,000 U/treatment.

this tumor system, IL-2 therapy was highly effective in
increasing the survival time of tumor cell injected mice and
30% of these mice were cured and did not develop liver and
spleen metastases. The combined IL-1/IL-2 therapy resulted in
a synergistic antitumor effect and in a complete tumor
regression in 70% of the injected mice. These data emphasize
that: i) the efficacy of single cytokine therapy in the same
mouse host can vary with the tumor injected; ii) the combined
IL-1/IL-2 therapy can result in a synergistic antitumor
response not only in mice transplanted with FLC but also in
mice with established metastatic ESb tumors.
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Fig. 2. Characterization of Cells endowed with antitumor
activity in spleens of cytokine-treated mice.

DBA/2 mice were FLC-injected s.c. with 2xl0 6 FLC.
Treatments were performed as described in the legend to Fig. 1.

Panel A: Spleen cells were recovered from FLC injected mice
on day 20 and the percentage of CD4+ or CDB+ cells
was determined by FACS analysis using fluorescein
labelled monoclonal antibodies.

Panel B: On day 20, spleen cells from FLC-injected mice were
pre incubated for 30 min at 37°C with a suitable
dilution of different antibodies. Cells were then
mixed with 5xl0 4 3Cl-B FLC and subsequently
injected s.c. in DBA/2 mice. The effector:tumor
cell ratio was approximately 20:1. There were B
mice per each group. The number of tumor-free mice
in each group was determined 30 days after FLC
injection.

286



2) Combined therapy with IL-l and IFN-a/p

Although repeated treatments with high doses of IFN-a/~

have been shown to be highly effective in inhibiting the
development of liver and spleen metastases in mice injected
with FLC, it seemed of interest to determine whether the
combined treatment of relatively low doses of IL-l and IFN
could result in any synergistic antitumor effect in FLC
injected mice.
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Fig. 3. Antitumor effects of peritumoral iniection of IL-l-#,
alone or in association with IL-2, in mice injected with ESb
tumor cells

DBA/2 mice were injected s.c. with 106 ESb lymphoma
cells. 5 days after tumor cell injection, mice were treated
peritumorally with cytokines as described in the legend to
Fig. 1 (two injections per day) on days 5-7;12-14;19 and 20.
There were 10 mice/group. Dose of cytokines administered was
the same as in the legend to Figure 1.

As shown in Fig. 4, a synergistic antitumor effect was
observed in mice injected with both IL-l and IFN-a/# as
compared to single cytokine therapy. The antitumor action of
IL-l/IFN was markedly reduced in mice treated with antibodies
to CD4 antigens. This finding suggests that T cells,
particularly T helper lymphocytes, are involved in the
generation of the IL-l/IFN-induced antitumor response. CD4+
cells have also been shown to play a crucial role in the
antitumor response in FLC injected mice treated with
IL-l/IL-2 (9) or IFN-a/~ (20).
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NK cells also seem to participate, to some extent, to
the antitumor respone in IL-l/IFN-treated FLC-injected mice,
as the injection of antibody to asialo-GMl partially
inhibited the antitumor effect of the cytokine treatment;
likewise, the combined IL-l/IFN treatment was less effective
in NK-deficient bg/bg DBA/2 mice than in control bg/+ mice
(data not shown). In this regard, it is worth mentioning that
our previous studies on FLC injected mice suggested that NK
cells were involved in the antitumor response in IFN-treated
(20), but not in IL-l/IL-2-treated (9), animals.
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Fig. 4. Synergistic antitumor effects of the combined
IL-1!IFN-~ treatment in mice injectGd s.c. with FLC. DBA/2
mice were injected s.c. with 2x10 3Cl-8 FLC. Mice were
treated peritumorally (0.2 ml per mouse, twice a day) on
days: 2-4;7-9;14-16;20-22 (10 mice per group). IL-1~: 125
ng/treatment; IFN-a/~: 20,000 U/treatment. Surviving mice
were sacrificed 135 days after FLC injection and were found
to be tumor-free.

Little information is available on the antitumor effects
of IL-1 in mice (8,9,15,21-24). In the light of our data, it
seems to us that the possible use of IL-1 as an antitumor
agent, possibly in combination with other cytokines, should
deserve further investigation in different experimental tumor
systems.

Lastly we emphasize that the results presented in this
article indicate that IFN-a/B or IL-2 can be successfully
combined with suitable doses of IL-l-B to achieve a
synergistic antitumor and antimetastatic effect by activating
multiple host immune mechanisms. These data suggest that
similar combined cytokine therapies may represent an
interesting approach to the treatment of some metastatic
human cancers.
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INTRODUCTION

A large body of evidence is now available showing that
antigen-dependent immunity (ADI) and/or natural immunity
(NI) can be engaged during the growth of neoplasms in their
autochtonous host. However the reasons whereby the
reacti vi ty of the immune apparatus does not resul t in
effective control of malignant growth are still largely
hypotetical. Poor immunogenicity of cancer cells (1,2),
suppression of anti tumor responses by humoral or cellular
components of the immune system (3-5), low reactivity of the
host due to acquired or genetic factors, antigen modulation
of tumor associated antigens (TAA), suppression of immunity
by factors released from the tumor itself (6-8), and
stimulation of tumor growth by immunological responses (7),
have all been considered to play a role in host's
unresponsiveness to a growing tumor.

One of the major goals of tumor immunology is the
development of experimental procedures capable of enhancing
host's control of cancer gr0wth and progression. Several
methods have been explored, including non-specific
immunostimulation with a variety of biological or synthetic
products (9), adoptive inmmunotherapy with specifically
sensitized cytotoxic lymphocytes (1(») or transfer of non­
specific in vitro IL-2 activated kilLer lymphocytes (11).
It is conceivable that the high genetic instability of

cancer cells would resul t in the generation of non­
immunogenic and scarcely antigenic clones resistant to
either ADI or NI.

various approaches aimed at obtaining an increase of
tumor-cell immunogenicity and/or conferring novel antigenic
specificities have been described, e.g. as treatment with
membrane-modify ing enzymes (12), or hapteni za tion wi th
different chemicals (13). Moreover it has been suggested
that. antineoplastic agents could produce modifications of
the antigenic profile of normal or cancer cells through
various mechanisms, e.g. direct changes of the antigenic
determinants, including the participation of the drug itself
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as a hapten, modifications of protein synthesis through
direct or indirect manipulation of the genetic code (e. g.
drug induced mutations or viral activation), or at
transcriptional or assembling level. In other words, it
could be hypothesized that, in addition to direct killing of
the malignant elements, anticancer agents in non-lethal
concentrations could also lead to modifications in the
tumor-cell membrane composition and/or architecture
resulting in modified and increased immunogenicity or
antigenicity.

In 1970 we obtained the first evidence that in vivo
treatment of CD2F1 mice, bearing fully histocompatible L1210
leukemia, with 5-(3-3-dimethyl-1-triazeno)-imidazole-4­
carboxamide (DTIC), results in the appearance of strong and
heritable transplantation antigen(s) (hereafter called drug­
mediated transplantation antigen, DMTA) associated with
leukemia cells following 4-6 transplant generations of
treatment (14). This antitumor drug is known to be highly
mutagenic, being a monomethylating agent ~apable of
producing large amounts of 06-me thylguanine DNA adducts
responsible for GC-AT transition (15) in essentially all
tumor cells.

The finding that strong DMTA can be induced in vivo by
drug treatment of tumor-bearing hosts appeared to open up
new approaches to cancer control with immunological means.
Therefore a number of investigations were carried out on
DTIC-mediated induction of DMTA, a phenomenon that was
called "chemical xenogenization" (CX, 16). The results of
these studies can be summarized as follows: a) the strenght
of DTIC-induced DMTA is similar to that of alloantigens
associated with H-2 incompatible tumors (17); b) DTIC­
mediated CX can be obtained in a large variety of mouse
lymphoma cells (18-20) and 816 melanoma (21); c) novel DMTA
not detectable in the tumor of origin, are associated with
DTIC-treated lymphomas, as evidenced by cell-mediated
cytotoxicity (22-23), specific tolerance induction (24) and
humoral antibody responses (25-26); d) tumor cell
antigenici ty originated from DTIC-mediated CX is not
associated with drug resistance and is not the result of
drug-mediated selection: e) CX induced by DTIC appears to be
of somatic mutation origin. This is supported by the
biochemical mechanism of action of DTIC as monomethylating
agent (15), by the observation that Quinacrine, an
antimutagenic compound, inhibits specifically CX (27) and by
the finding that DTIC-treated tumors contain different
clones expressing distinct DMTA (28); f) CX can be induced
in vivo by triazenyl compounds not containing the imidazole
moiety, but derived from aromatic compounds (29). Therefore
CX seems to be selectively dependent on the triazenyl group;
g) human tumor cells treated with a triazenyl compound in
vi tro undergo changes in the susceptibil i ty to NK-mediated
cytotoxici ty, and presumably possess a I imi ted amount of
DMTA (30); h) DTIC is highly immunodepressant in micE"
(17,31,32) and abrogates host's graft responses against
DTIC-induced DMTA of cancer cells. However the transfer of
syngeneic mononucleated cells after DTIC treatment restores
immune responsiveness in cyclophosphamide-conditioned
recipients and allows CX exploitation for successful tumor
immuno-chemotherapy in mice (33).
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The use of mutagenic agents to increase tumor cell
immunogenicity has been investigated in other laboratories,
starting from 1975. In particular Boon (34) was able to
isolate a large number highly immunoqenic clones from mouse
teratocarcinoma exposed in vitro to the mutagen N-methyl-N'­
nitro-N-nitrosoguanidine (MNNG). Immunogenic sublines (i.e.
"tum-" variants) are rejected by intact hosts unless
immunodepressed with various modalities, and leave recipient
mice resistant to a subsequent challenge with the scarcely
immunogenic parental tumor (34). Similar results were
obtai'ned with Lewis lung carcinoma, P815 mastocytoma and
various spontaneous carcinomas and leukemias in mice (34).
Of particular interest appears the more recent observation
of Wolfel et a1.(35) who were able to transfect gene(s)
coding for DMTA of "tum-" variants, recognized by specific
cytolytic T lymphocytes.

Biochemical studies on mouse lymphoma cells exposed to
MNNG, showed the appearance of new membrane proteins in
immunogenic clones, not detectable in the line of origin
(36). In this case the authors c13im that the antigenicity
was of epigenetic and not of genetic origin. However the
unusually long survival times of mice challenged with the
parental lymphoma render the results of difficult
interpretation.

The results of studies performed in our laboratory
pointed out that DMTA could be also involved in NI against
DTIC-treated leukemic cells, detectable in lethally­
irradiated (LI) histocompatible hosts (37).

Hemopoietic histocompatibility (Hh) factors expressed
on normal blood-forming cells (38), lymphomas (39), and
Friend virus-induced leukemias (40) may be regarded as
tissue-specific alloantigens. These factors are controlled
by a series of polymorphic genes, most of which are linked
with the major histocompatibility complex (MHC) on
chromosome 17 (38), and are capable of eliciting
immunogenetically specific allograft reactions in vivo
(rejection or reduced growth of transplanted cells). In vivo
responses to Hh antigens are most unusual for they are not
suppressed by acute total-body irradiation (38) or weakened
by absence of the thymus (41), but are promptly abrogated
upon administration of anti-macrophage agents (42).
Moreover, Hh alleles are not codominant so that Fl hybrid
mice may lack parental Hh antigens and, hence, react against
hemopoietic cells of parental strain donors (39).
It is possible that the expression of Hh genes on

progenitor cells of the lympho-myeloid compartment, the
recogni tion of Hh gene products by other cell s, and the
consequent anti-Hh response play an important physiologic
role in the control of proliferation and differentiation of
hemopoietic stem cells (43), surveillance over
leukemogenesis (44), and genetic resistance to, and recovery
from, Friend virus leukemia (45).

The present investigation was undertaken to explore
whether normal bone marrow cells subjected to DTIC treatment
in vivo would be susceptible to NI-mediated rejection in
lethally-irradiated syngeneic recipients (i.e. through a Hh­
like rejection mechanism). The preliminary results
illustrated in the present report show that this was the
case, at least for the H-2d model described here.
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MATERIALS AND METHODS

Mice. Hybrid (BALB/cCr x DBA/2Cr)F1 (CD2F1' H-2d /H-2d )
male mice, 8 weeks old, were obtained from Charles River Co
(Calco, Como, Italy).

Irradia tion, transpantation and graft eval uation.
Perspective recipient mice were exposed to total-body
irradiation a few hours before cell injection (950 R, 4-6
hours before cell transplantation, in a 60co irradiator, Hot
spot, MKIV, Harwell, England).

Bone marrow cells in suspension were injected into a
lateral tail vein (0.5 ml/mouse), and graft cell
proliferation was assessed 5 day later in spleens of
irradiated recipients by a radioisotope uptake method. At
the time of evaluation each mouse was injected ip with 25
ug/mouse of 5-fluoro-2'-deoxyuridine to decrease the
availability of endogenous thymidine, followed by 0,5 uci of
the DNA precursor 5-iodo-2' -deoxyuridine labeled with 1251
(125IUdR). Retention of 125IUdR by donor-derived dividing
cells in recipient spleens was measured in a crystal
scintillation counter (Packard model 5110) and was expressed
as percentage of injected radioactivity.

RESULTS AND DISCUSSION

Donor CD2F1 mice were treated with DTIC (100 mg/Kg/day
ip, day 1-5). Five days after the last OTIC injection, bone
marrow (BM) cells were collected from femurs of DTIC-treated
(i.e. BM/DTIC) or control untreated (i.e. BM/C) donors.

Graded numbers of BM/C or BM/OTIC cells were injected
i v into 2 groups of lethally-irradiated syngeneic hosts,
non-pretreated (i. e. wi t.h intact Hh-type responses) or
pretreated with cyclophosphamide [Cy, 200 mg/kg ip on day -5
before BM transplantation, depressed for Hh-type responses
(46)].

The results illustrated in the table show that : (a)
marginal 125UdR uptake occurred in the spleens of "radiation
controls" not grafted with BM cells, non-pretreated or
pretreated with Cy (i. e. groups 1 and 2): (b) BM/C
proliferation was much higher than that of 8M/DTIC in intact
LI recipients (Le. group 3 vs 7 and 5 vs 9): (c) no
significant difference in BM cells proliferation was found
in the spleens of LI recipients, intact or pretreated with
Cy when inoculated with normal BM/C (i.e. groups 3 vs 4 and
5 vs 6): (d) BM/OTIC cells proliferation was much higher in
the spleens of Cy-pretreated LI mice than in the spleens of
non-pretreated LI controls (i.e. groups 7 vs 8 and 9 vs 10).

Therefore it can be suggested that BM cells obtained
from OTIC-treated animals can be rejected by LI syngeneic
hosts. These results are consistent with the hypothesis that
BM cells exposed to DTIC in vivo become somehow
susceptible to Hh-type, NI-mediated suppression in LI host,
since they grew better in mice with Hh reactivity impaired
by Cy pretreatment. These findings could be the result of:
(a) OTIC-mediated induction of novel Hh-type target
structures on BM cells: (b) DTIC-mediated suppression of
MHC-gene products, leading to recognition of a "missing
self" on BM/DTIC by LI syngeneic recipients. Actually a
recent study of Bix et al (47) pointed out that BM cells of
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MHC-deficient (class I) mutant donors are rejected by wild­
type LI syngeneic mice. In addition 8-10 transplant
generations of treatment in vivo was found to induce a
decrease in Qa-2 antigen expression in BM-derived murine
lymphoma cells (Marelli O. et al., in preparation)
homozygous for the H-2d haplotype.

TABLE I

Growth of CD2F1 bone-marrow cells, untreated (BM/C) or
exposed in vivo to DTIC (BM/DTIC), into lethally irradiated
(LI, 950 R, total body irradiation) CD2F1 mice non
pretreated (NPT) or depressed for Hh-type responses with
Cyclophosphamide (Cy-PT).

Group Bone marrow cellsa ) LI CD2F1 % 125IUdR uptakec )
------------------- miceb )----------------------------

n. type number n.obs. Mean (SE) PI P2

1 None NPT 6 0.017±0.002
2 None Cy-PT 6 0.036±0.019 NS
3 BM/C 106 NPT 8 0.37 ±0.04
4 BM/C 106 Cy-PT 7 0.50 ±0.06 NS
5 BM/C 2 x 106 NPT 8 0.85 ±0.06
6 BM/C 2 x 106 Cy-PT 6 0.94 ±0.10 NS
7 BM/DTIC 106 NPT 6 0.009±0.02 <0.001
8 BM/DTIC 106 Cy-PT 6 0.17 ±0.05 <0.01
9 BM/DTIC 2 x 106 NPT 5 0.08 ±0.03 - <0.001
10 BM/DTIC 2 x 106 Cy-PT 6 0.47 ±0.06 <0.001

a) BM/DTIC, BM cells collected from CD2Fl mice (treated with
DTIC 100 mg/kg/day, day 1-5) on day 10.

b) Cy-PT, CD2Fl mice pretreated with Cy (200 mg/kg ip on day
-5 before BM injection).

c) PI, probability calculated according to Student's "t"
test analysis, comparing 125IUdR uptake values relative
to NPT vs Cy-PT groups.
P2, probability calculated comparing 125IUdR uptake
values relative to NPT hosts inoculated with BM/C cells
vs those injected with the same number of BM/DTIC cells
(i.e. group 3 vs 7, and group 5 vs 9).

In conclusion the results of the present and previous
studies suggest that Hh-type responses can be detected
against DTIC-treated BM or lymphoma cells in syngeneic mice.
Whether triazenl? compounds could alter MHC gene products
leading to increased susceptibility of normal or tumor cells
to NI in vivo remains to be demonstrated. Studies are in
progress to elucidate the effects of triazenes on MHC
antigenic make up of normal or neoplastic hematopoietic
cells in the mouse.
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INDEX

N-Acetylcysteine, 114
Acquired immunodeficiency syndrome

(AIDS), see Human immunodefi­
ciencyvirus-1

ACIH,253
Active immunotherapy, 59
Acute lymphoblastic leukemia (ALL), 14
Acute myelogenous leukemia (AML), 14,

20,22
ADCC, see Antibody dependent cell cyto-

toxicity
Adenosine deaminase, 170
Adriamycin, 270
Aging, 253
immune therapy and, 139-144

AIDS-related complex (ARC), 118
AIDS vaccine, 113
QS-21 and,231-235

~,39,40,42-44,45,46-47

AL-721,123
Alanine aminotransferase (ALT), 150, 151,

152, 153
ALL, see Acute lymphoblastic leukemia
Allogeneic bone marrow transplantation

(B~T), 19,20,25, 189-190
Allogeneic lymphocytes, 202-203, 204
ALT, see Alanine aminotransferase
Alum, in AIDS vaccine, 231-235
Alveolar macrophages (A~), 197, 198-199
allogeneic lymphocytes and, 202-203,
204

Fey receptors and, 210
indomethacin and, 200, 203, 204
mAbs and, 200-202, 204

A~, see Alveolar macrophages
Aminoglycosides,l09
AML, see Acute myelogenous leukemia
AmpB, see Amphotericin B
Amphotericin B (AmpB), 105-110

Amphotericin B (AmpB) (cont'd)
~-35 and, 257
ST 789 and, 226

Amphotericin methylester, 123, 124
Androgenic therapy, 58
Antibody dependent cell cytotoxicity

(ADCC), 192
Anti-CD3 antibodies
A~ / p~ treatment with, 200, 201,
202,204

TILsand,40,41,44,45,47,192
Anti-CD56 antibodies, 200-201
Anti-CD57 antibodies, 200-201
Anti-Fey antibodies, 207, 208, 209
Antigen-dependent immunity, 293
Anti-L3T4 antibodies, 98
Anti-Lyt2 antibodies, 98
Antisense oligonucleotides, 123, 125-127,

167, 170, see also specifictypes
A24 protein, 264, 265
Ara-C diphosphate, 124
ARC, see AIDS-related complex
Arginine, 223-224
Aspartate aminotransferase (AST), 151,

152, 153
Aspergillusfumigatus, 106, 108,

226
Aspirin, 131-136
AST, see Aspartate aminotransferase
Autologous bone marrow transplantation

(B~T)' 19,20,21,25
Autologous tumors, 203, 246
Avarol,123
Avarone, 123
Azidothymidine (AZT), 113, 114, 117,

123, 124, 168, 173, 174
CO~BO on, 29, 32-37
Imexon and, 117-118

Azimexon, 114, 120
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AZf, see Azidothymidine
AZTMPDG, 124

Bacillus Calmette-Guerin (BCG), 79, 159,
185

Bacillus Calmette-Guerin (BCG) vaccine,
59

Bacterial infections, 226, see also specific
types

B-celllymphoma, 114
B-cell related leukemia, 13
B cells
aspirin and, 134, 135
cytokines / chemotherapy and, 271
Duplan MuLV infection and, 114, 115,
120

Fey receptors and, 208
HPVand,237
ST 789 and, 225

BCG, see Bacillus Calmette-Guerin
BCNU, 67, 270
Biological response modifiers (BRMs), 59,

73-74,269,275, see alsospecific
types

aspirin as, 131-136
C. albicans used in, 159-164

1,3-Bis-(2-ehloroethyl)-1-nitrosourea, see
BCNU

Blood brain barrier, 124, 128
BMT, see Bone marrow transplantation
Bone marrow toxicity, seeMyelotoxicity
Bone marrow transplantation (BMn, 13,

14-15,159,270-271
allogeneic, 19,20,25, 189-190
autologous, 19,20,21,25
IL-2 / LAK cells and, 19-26

Bootstrap techniques, 31
Breast cancer, 15, 52, 88, 192
BRMs, see Biological response modifiers

cAMP, see Cyclic adenosine monophos­
phate

Cancer, see also specific types; Tumors
aspirin and, 137
in aging population, 139, 141-144
ST 789 and, 223-227
T-a.1 and, 150
triazene compounds and, 293-297

Candida albicans, 97, 98-100, 101
AmpB and, 106, 108, 109, 110
in BRMs, 159-164
ST 789 and, 226
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Candidiasis, see Candida albicans
Capillary leak syndrome, 142
Carboplatin, 270
Cardiotoxicity, 61, 270
Castanospermine, 124
CCNU,80-84
CD3 cells, 21, 23, 54, 92, 151, 153, see

also Anti-CD3 antibodies
CD4cells
arginine and, 224
aspirin and, 134, 135
cytokinesand, 167, 170
cytokines / chemotherapy and, 271-272
HIV-1 and, 118, 123, 128, 167, 170
IFN / T-a.l and,7
IL-I / IFN-a. / ~ and, 287
IL-1 / IL-2 and, 284, 286
IL-2 and, 92
ST 789 and, 224, 225, 227
thymosin and, 151, 153
TILs and, 41, 44, 46, 47

CD8 cells
aspirin and, 135
cytokines / chemotherapy and, 271-
272

IFN / T-a.1 and, 7
IL-1 / IL-2 and, 284, 286
IL-2 and, 92
IL-2 / LAK cells and, 21, 23
melanoma vaccine and, 187
ST 789 and, 224, 225
thymosin and, 151, 153
TILs and, 40, 41, 44,46,47

CDll cells, 151, 153
CD25 cells, 54, 91, 92
CD56 cells, 21,23,41,44,47,200-201
CD57 cells, 200-201
eDNA clones, of Fey receptors, 208-209,

210
CD4-PE40, see CD4-pseudomonas exo­

toxin
CD4-pseudomonas exotoxin (CD4-PE40),

29,32,33,35
Ceftazidmine, 226
Cervical carcinoma, 237-243
CFUs, see Colony-forming units
Chang hepatoma, 203
Checkerboard design, 29, 31
Chemical xenogenization, 294
Chemotherapy, 14,58,90, 100-101, 192,

245,275-280, see also specific
agents



Chemotherapy (cont'd)
cytokinesand,79-84,269-273,see

also specific combinations, thissec­
tion

IFN IT-a1 and, 1-10,276-277,280
IFN-a and, 67-71
IFN-~ I TS and, 80-84
IL-1 and, 100-101
IL-2 I LAK cells and, 19, 20
IL-2 I T-a1 and, 277-280
opportunistic infections and, 97, 100-
102, 105, 108, 109

WR-2721 and,220
Chronic myelogenous leukemia (CML),

14,15,20,74
Cisplatin (CisPt), 237-243, 245, 270
IFN and, 80-84, 237-238, 242-243

CisPt, see Cisplatin
CML, see Chronic myelogenous leukemia
CMV, see Cytomegalovirus
Colds, aspirin and, 133-134
Collagenase, 185, 186, 187
Colon cancer, 88

IFN-a I 5-FU and, 73-77
IL-2 I TNF-a and, 245-249

Colony-forming unit (CFU) assays, 216-
217,218

Colony-forming units (CFUs), 272
Colony stimulating factors (CSFs), 1, 180
COMBO,29-37
drug interaction models used in, 30
eff-tox model in, 29, 30, 33-37
robust potentiation model in, 29, 31-32

Concanavalin A, 83, 150, 154, 160, 182,
225

Constant-ratio design, 29, 31
Corynebacterium parvum, 79
CSFs, see Colony stimulating factors
CSIF, see Cytokine synthesis inhibitory

factor
CTLs, see Cytotoxic T-lymphocytes
CY, see Cyclophosphamide
Cyanoaziridines, 113, 114
Cyclic adenosine monophosphate (cAMP),

263,264
Cyclooxygenase inhibitors, 131
Cyclophosphamide (CY), 74,185,186,

187,270,272,296,297
IFN I T-al and, 2, 3, 4, 9, 10,276
IFN-a and, 67
IL-1 and, 101, 102
IL-2 / T-a1 and, 278, 279, 280

Cyclophosphamide (CY) (cont'd)
ST 789 and, 225, 226-227

Cyclosporine, 14, 109
Cytidine, 126
Cytokines, 79-84, 269-273, see also spe-

cific types
aging and, 140
C. albicans and, 161, 162-164
chemotherapy and, see under Chemo-
therapy

CisPt and, 237-243, 270
hemopoiesis stimulatation and, 215
I-llV-1 and, 113, 114, 120, 167-174
opportunistic infections and, 97-103

Cytokine synthesis inhibitory factor
(CSIF),l00

Cytomegalovirus (CMV), 124
Cytotoxic T-lymphocytes (ClLs), 25,

135
Cytoxan, 80-84

Daudi cells, 7,21, 191,246-247
ddA, seeDideoxyadenosine
ddC, seeDideoxycytidine
ddI, see Dideoxyinosine
Decarbazine (DTIC), 6, 7, 294, 295-297
Delayed-type hypersensitivity (DTH), 99,

100
to melanoma cells, 185, 186-187

Dementia,76,168
Deoxyribonuclease, 185
Dexamethasone, 209
Dideoxyadenosine (ddA), 29, 124, 167,

169,170,173,174
Dideoxycytidine (ddC), 29, 123, 124
Dideoxyinosine (ddI), 29, 32, 33, 35, 123,

124, 167
Dideoxynucleosides, 29
Didyridamole (DPM), 33-37
Diethyldithiocarbamate (Ditiocarb, Imu-

thiol), 113, 114, 115-116, 120
Dimethylsulfoxide, 185
Dimyristoy1 phosphatidylcholine (DMPC),

107
Dimyristoyl phosphatidylglycerol

(DMPG),107
Dimyristrin, 124
Dinitrophenyl (DNP), 187
Dipyridamole, 29
Ditiocarb, see Diethyldithiocarbamate
DMPC, see Dimyristoyl phosphatidyl-

choline
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DMPG, see Dimyristoyl phosphatidyl­
glycerol

DMTA, Drug-mediated transplantation an­
tigen

DNA,74,123
antisense oligodeoxynucleotides and,
125

IL-2 and, 178
MB-35 and, 254
of Fey receptors, 208
reverse transcriptase inhibitors and,
123-124

T-al and, 155
thymosin and, 150, 151, 152, 153

DNAse, 185, 186, 187
DNP, see Dinitrophenyl
OOX, see Doxorubicin
Doxorubicin (DOX), 49, 50-51, 67, 240
DPM, see Didyridamole
Drug-mediated transplantation antigen

(DMTA), 294, 295
DTH, see Delayed type hypersensitivity
DTIC, see Decarbazine
Duplan MuLV LP-BM5 virus infection,

113-120

Effector cells, 87, 190-191, 192-193
Efficacy-toxicity (eff-tox) model, 29, 30,

33-37
Embolization, 197
~-END, 253
Endometrial cancer, 53
Eosinophils, 89, 92, 93
Epirubicin, 80-84
Ergosterol, 105
Escherichia coli, 226
Etoposide, 80-84
Fey receptors, 207-211
FdUMP, see 5-Fluoro-2-deoxyuridine 5-

monophosphate
Feline immunodeficiency virus (FIV), 114
FN, see Feline immunodeficiency virus
5-Fluoro-2'-deoxyuridine,296
5-Fluoro-2-deoxyuridine 5-monophos-

phate (FdUMP), 74
5-Fluorouracil (5-FU), 241, 245, 270, 272

lPN-a and, 73-77
Folinic acid, see Leucovorin
Foscarnet, 123, 124
Friendleukemia,283,284,286,287,288
FTS, see Thymulin
5-FU, see 5-Fluorouracil
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Fungal infections, see also specific types
AmpB and, 105-110
ST 789 and, 226

Fungizone, seeAmphotericin B

gag protein, 231
G-CSF, seeGranulocyte-colony stimulat-

ing factor
Gentamicin, 101-102,226,257
GR, see Growth hormone
Glial cells, 114
Glioma, 162
Glucan, 215
Glucocorticoids, 207-208, 209, 210
L-Glutamine, 169
Glutathione, 120
N-Glycanase,210
GMI cells, 4, 277, 284, 288
GM-CSF, see Granulocyte-macrophage

colony stimulating factor
GMP, see Guanosine monophosphate
GnRH, see Gonadotropin-releasing hor­

mone
Gonadotropin-releasing hormone (GnRH),

264
gp120 Glycoprotein, 170
Graft-versus-host disease (GvHD), 14-15,

20,25,26,113,189-190
Graft-versus-leukemia (GvL), 15, 20, 25,

189-190
GR18 antibiotic, 238
Granulocyte-colony stimulating factor (G-

CSF)
Fey receptors and, 209
ST789 and, 227
WR-2721 and, 215-220

Granulocyte-macrophage colony stimulat­
ing factor (GM-CSF), 74, 99, 198,
199

C. albicans and, 162, 163
Fey receptors and, 209
HIV-l and, 167-174
IL-2 and, 22
THs and, 177, 180

Granulocytes, 89, 227, 284
Granulocytopenia, 50, 76, 102, 106, 173
GRF, see Growth hormone releasing factor
Growth hormone (GR), 224
MB-35 and, 253, 257, 258, 260, 261,
263-264

Growth hormone releasing factor (GRF),
253,260,262,263-264



Guanosine monophosphate (GMP), 161,
225

GvHD, see Graft-versus-host disease
GvL, seeGraft-versus-Ieukemia

Hairy cell leukemia, 74
Haptenization, 293-294
HBV, see Hepatitis B virus
Head and neck cancer, 241-242
IL-2 and, 90--94

Heat shock proteins, 191
Helper cells, 41, 123,237,287
Hematologic toxicity, 51, 71, 82, 84
Hematopoietic supportive therapy, 192
Hemodialysis, 150
Hemopoiesis, 215
Hemopoietic histocompatibility (Hh) fac-

tors, 295, 296, 297
Hepatitis B virus (HBV), 137, 149-155
Hepatitis C virus, 152
Herpes simplex virus, 127
HGP-30-KLH vaccine, 231-235
Hh factors, seeHemopoietic histocompati­

bility factors
Histocompatibility antigens, 13, see also

HLA antigens; Majorhistocompati­
bility complex antigens

Histone H2A, 253-254, 258, 264, 265
illV-l, see Human immunodeficiency vi­

rus-I
HLA antigens, 14-15, 19,54,91, 187, see

alsoMajor histocompatibilitycom­
plex antigens

Hodgkin's disease, 22
Homeostatic thymus hormone (HTH), 264
Hormone therapy, 58
HPV, see Human papillomavirus
HTH, seeHomeostatic thymus hormone
Human immunodeficiency virus-l

(illV-l), 13, 123-128
antisense oligodeoxynucleodides and,
123, 125-127, 167, 170

ARC and, 118
C. albicans and, 161-162
COMBO program on, see COMBO
cytokines and, 113, 114, 120, 167-174
immunotherapy for, 113-120
pediatric patients with, 124
reverse transcriptase inhibitors and, 32,
37, 123-124,170, 173

vaccine for, see AIDS vaccine
Human papillomavirus (HPV), 237-243

Hydrocortisone, 180, 181
Hypergammaglobulinemia, 114
Hypocalcemia, 52

lPN, see Interferon
Ig, see Immunoglobulin
IL, see Interleukin
Imexon, 114, 116-118, 120
Imidazoles, 113, 114
Immunoglobulin G (IgG), 207, 208, 209
Immunoglobulin G (IgG2a) antibodies,

201,202,204
Immunoglobulin M (IgM), 115
Immunotherapy, 13-15,59-60, see also

specific types
active, 59
forillV-l,113-120
for tumor destruction, 189-193
helper approach in, 88-89
in aging population, 139-144
passive, 59

Imuthiol, see Diethyldithiocarbamate
Indomethacin, 200, 203, 204
Influenza vaccine, 134-136, 139, 141, 144
Influenza viruses, 127
Inosine monophosphate methylester, 114
Interferon (IPN), 59-60, 180, 192,275,

see also specific types
aging and, 139
C. albicans and, 161-162
CisPtand,80-84,237-238,242-243
COMBOon,29
HPV and, 237-238, 242-243
T-al and, 1-10, 137, 149, 154,276­
277,280

Interferon-a (IFN-a), 2, 4, 59, 67-71
CisPt and, 237, 242
Feyreceptors and, 208
5-FU and, 73-77
HBVand, 149, 154
HlV-l and, 113, 114
HPV and, 237, 242
IPN-rand,60--61
IL-land,283,284,287-288
IL-2 and, 49, 51-54, 61,93
TILs and, 62
TNF-a and, 283

Interferon-a2a (IPN-a2a), 73-77
Interferon-a2b (IPN-a2b), 67-71
Interferon-~ (IFN-~), 2, 4
CisPt and, 80-84, 237
Feyreceptors and, 208
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Interferon-~ (IFN-~) (cont'd)
HPV and, 237
IL-1 and, 283, 284, 287-288
TNF-a. and, 283
TS and, 80-84

Interferon-y (IFN-y), 103
aging and, 139
AM / PM treatment with, 201, 202
aspirin and, 132, 133, 134
C. albicans and, 98-99, 100, 162
CisPt and, 237, 242
Fcyreceptors and, 207, 208, 209, 210
5-FU and, 74
HPV and, 237, 242
lPN-a. and, 60-61
LPS and, 198, 200
perilymphatic injection of, 88, 89
ST 789 and, 225, 227
T-a.1 and, 149, 154
TNF-a. and, 248

Interleukin (IL), 1,60, see also specific
types

perilymphatic injection of, 87-94
TI-ls and, 177-182

Interleukin-1 (IL-1), 101, 103,269,270,
272-273

aging and, 140
aspirin and, 132
C. albicans and, 164
gentamicin and, 101-102
HIV-1 and, 120
lPN-a. / ~ and, 283, 284, 287-288
IL-2 and, 283, 284-286, 288
perilymphatic injection of, 89,93
ST 789 and, 225
TI-ls and, 177, 178, 179, 180, 181, 182

Interleukin-1a. (IL-1a.), 269, 270, 272-273
Interleukin-1~(IL-1~), 89,101,179
Interleukin-2 (IL-2), 39,49-54, 60, 61--62,

99,100,142,270,272,275,276,
293

aging and, 139, 140, 141-144
arginine and, 224
aspirin and, 131, 132, 133, 134, 135
BMT and, 19-26
CisPtand, 238, 242, 243
CY and, 4, 9
DOX and, 49, 50-51
HIV-1 and, 114, 127, 168
HPVand, 238, 242, 243
lPN-a. and, 49, 51-54, 61, 93
IL-1 and, 283, 284-286, 288
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Interleukin-2 (IL-2) (cont'd)
in tumor control, 190, 191, 192
LAK cells and, see under Lymphokine
activated killer cells

mAbs and, 192
perilymphatic injection of, 88-89,90-
94

PHA and, 81, 82, 83
ST 789 and, 224, 225, 227
T-a.1 and, 149-150,277-280
TI-lsand, 177, 178-179, 180, 181, 182
TILsand,39,40,41-42,43,44,45,
46,47,62,92,245-249

TNF-a. and, 245-249
Interleukin-3 (IL-3), 180
Interleukin-4 (IL-4), 99, 100
perilymphatic injection of, 84, 93
ST 789 and, 225
TILsand,39,40,41-42,43,44,45,
46,47

Interleukin-6 (IL-6), 100, 177, 180, 225
Interleukin-7 (IL-7), 269, 270-272, 273
5-1000-2'-deoxyuridine, 296
Isoprinosine, 113, 114

Jurkat cells, 90

Kaposi's sarcoma, 13, 118
Keyhole limpet hemocyanin (KLH), 231-

235
Klebsiella oxytoca, 226
Klebsiella pneumoniae, 226
KLH, see Keyhole limpet hemocyanin

LAK cells, see Lymphokine activated kil­
ler cells

Lamina propria mononuclear cells
(LPMC),246-247,248

L-AmpB, see Liposomal Amphotericin B
Langerhans cells, 243
Leishmaniasis, 106, 110
Lente viruses, 114
Leucovorin, 74, 245
Leukemia, 108, 113, 283, 284, 286, 287,

288
IPN-a. and, 74
IL-2 / LAK cells and, 19-26
immune therapy and, 13-15
traizene compounds and, 294, 295

Leukopenia, 75, 270
Leukoregulin, 237-243
Levamisole, 79, 114, 245



Lewis Lung carcinoma, 2, 276, 277, 279,
280,295

LFA3-CD2 receptors, 179
Liposomal Amphotericin B (L-AmpB),

105-110
Lonidamine, 80-84
LPMC, see Lamina propria mononuclear

cells
LPS, 162, 163, 164, 198,200,225
LRF,253
L3T4 cells, 98, 99, 100
Lung cancer, 15, 79-84, 88
AM and, 197, 198-199,200-203,204
IFNff-al and, 1-10,276,277,280
IFN-~ / TS and, 80-84
IFN-yand, 198, 199
IL-2/mAbs and, 192
IL-2/PHA and, 81, 82, 83
IL-2 / T-a1 and, 279, 280
traizene compounds and, 295

Lymphadenopathy, 113, 114, 115, 116
Lymphocytes, 202-203, 204, 224, 226,

284, 293, see also specific types
Lymphokine activated killer (LAK) cells,

87,190,272
BMT and, 19-26
C. albicans and, 159, 161, 162
cytokines / CisPt and, 237-243
IL-2 and, 19-26,39,61-62,88,89,91,
93,142,191,245-246

IL-2 / DOX and, 49,50
IL-2/IFN-aand,53
IL-2 / T-a1 and,278
TILs and,40,41, 46,47

Lymphokines, 180, see also Cytokines;
specific types

Lymphoma, 13, 15
IL-2 / LAK cells and, 19-26
traizene compounds and, 294

Lyt2 cells, 98

mAbs, see Monoclonal antibodies
Macrophage-colony stimulating factor (M­

CSF),167-174
Macrophages, 197, see also Alveolar

macrophages; Peritonealmacro­
phages

aging and, 140
arginine and, 223, 224
aspirin and, 131, 134
C. albicans and, 161
Duplan MuLV infection and, 114, 120

Macrophages (cont'd)
Fcyreceptors of, 207-211
mY-I and, 124, 167-174
IL-2/ LAK cells and and, 89
ST 789 and, 227

Major histocompatibility complex (MHC)
antigens, 60, 135,248,297,seea~o
Histocompatibility antigens; HLA
antigens

Major histocompatibility complex (MHC)­
restricted cytotoxicity, 39, 40, 46,
47, 189

D-Mannosidase, 162, 163
Mastocytoma, 295
MB-35,253-265
GR and, 253, 257, 258, 260, 261, 263-
264

GRF and, 253, 260, 262, 263-264
natural vs. synthetic, 258, 259, 260, 263
PRL and, 253, 257, 258, 260, 261, 262,
263,264

TRH and, 253, 260, 262, 263, 264
MBL-2 cells, 278
M-CSF, seeMacrophage-colony stimulat­

ing factor
Melanoma

IFN/T-a1 and, 1-10,276
IL-2 and, 141
IL-2/ IFN-a and, 52, 53
TILs and, 39, 40
traizene compounds and, 294

Melanoma vaccine, 185-187
Melphalan, 67
Metastasis, 197
IL-7 and, 271-272, 273

Methotrexate, 14
Methylguanine, 294
N-Methyl-N'-nitro-N-nitrosoguanidine

(MNNG),295
Methylphosphonates, 125-126
MHC antigens, seeMajor histocompatibil-

ity complex antigens
~2-Microglobulin, 68, 71
Mitogens, 135, 168,224,225,226,278
MNNG, see N-Methyl-N'-nitro-N-ni-

trosoguanidine
Monoclonal antibodies (mAbs), 59, 192,

193,200-202,204, see alsospecific
antibodies

Monocytes
aging and, 140
arginine and, 224

309



Monocytes (cont'd)
aspirin and, 132
cytokinesand,167-174
Feyreceptors and, 208, 209, 210
IL-1 / IL-2 and, 284
ST 789 and, 227
tumor control and, 197

Monokines, 140
Mononuclear phagocyte system, 105
Monte Carlo techniques, 29, 31
mRNA
HaV-1, 125, 126, 127
IL-2,92, 140
of Fey receptors, 207, 209

Mucormycosis, 106, 108
Multidrug resistance, 58
Multiple myeloma, 67-71
Mycoses, 105, 106, 108, 110
Myeloma, 22, 67-71
Myelotoxicity
in HaV patients, 124, 173
of cytokines / chemotherapy, 270--271,
272

of IL-1, 101, 102
ofIL-2/DOX,49

Mytomicin C, 80--84

Natural immunity, 293, 295
Natural killer (NK) cells, 189, 190, 191,

272
arginine and, 223, 224
cytokines / CisPt and, 237-243
Fey receptors and, 209
IFN and, 59
IFN / T-a1 and, 2, 4, 6, 7, 10, 276,
277

IFN-a / 5-FU and, 74
IL-1 / IFN-a/ ~ and, 288
IL-2 and, 89, 91, 93
IL-2/DOX and, 49
IL-2/IFN-aand,53
IL-2 / LAK cells and, 61
IL-2/ T-a1 and,278
mAbs and, 200--201
ST 789 and, 225, 226-227
thymosin and, 151
TILs and, 40, 44, 47
traizene compounds and, 294

Neomycin gene, 238
Nephrectomy, 58
Nephrotoxicity, 105, 106, 109,270
Neuroblastomas, 15
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Neutropenia, 74, 97,101
AmpB and, 105, 109
C. albicans and, 159
lllV-1 and, 124, 173
IFN-a / 5-FU and, 76
IL-2 / DOX and, 50, 52
IL-2 / LAK cells and, 22

Neutrophils,92
C. albicans and, 161, 162-164
Fey receptors and, 208, 209-210

NHCP, see Non histone chromosomal pro­
tein

NK cells, see Natural killer cells
Non-histone chromosomal protein

(NHCP), 264, 265
Non-HLA histocompatibility antigens, 14­

15
Non-Hodgkins lymphoma, 22
Non-major histocompatibility complex

(MHC) restricted effector cells,
190--191

Non-small cell lung cancer (NSCLC), 1­
10,80,198

NSCLC, see Non-small cell lung carci­
noma

Nucleic acid analogues, 113, 114
Nucleoside analogs, 123

Opportunistic infections, see also specific
types

AmpB and, 105-110
cytokinesand,97-103
lllV-1 and, 113, 118
ST 789 and, 223-227

Ovarian cancer, 47, 248
PM and, 197, 198, 199-203,204

sn-1-Palmitoyl-sn-2-oleoyl phosphatidic
acid,124

p17 antigen, 126,231
p24 antigen, 33, 37,124,125,126,170,

173
Passive immunotherapy, 59
PBM, see Peripheral blood monocytes
PCF 39, see ST 789
D-Penicillamine, 123, 128
Penicillin, 169,257
Perilymphatic injection of IL, 87-94
Peripheral blood monocytes (PBM)
lung cancer and, 198-199,204
ovarian cancer and, 199-200,
204



Peritoneal macrophages (PM), 197, 198,
199-200

allogeneic lymphocytes and, 204
indomethacin and, 200, 203, 204
mAbs and, 200-202, 204

P170 glycoprotein, 58
PHA, see Phytohemagglutin
Phagocytes, 161,162,224,225
Phenylephrine, 52
Phenylisottriocyanate, 257
Phenylthiocarbamyl (PTC), 257
Phorbol myristate acetate (PMA), 198, 199
Phosphatidyl inositol (PI), 209-210
Phospholipase C, 210
Phosphonoformic acid, 123
Phosphorothioate homooligomers, 126
Phytohemagglutin (PHA)
aspirin and, 132, 133
Duplan MuLV infection and, 114, 115,
118

IL-2 and, 81, 82, 83
leukoregulin and, 238
ST 789 and, 225

PI, see Phosphatidyl inositol
Pituitary releasing factors, 253
PM, see Peritoneal macrophages
PMA, see Phorbol myristate acetate
Pneumocystis carinii pneumonia, 124
PNH,21O
Polyinosinic-polycytidylic acid, 76
Polyphosphoinositide, 263
Prednisone, 67
PRL, see Prolactin
Progestational therapy, 58
Prolactin (PRL), 253, 257, 258, 260, 261,

262,263,264
Pronase, 162, 163
Prostaglandins, 131, 132
Prostatic carcinoma, 88
Protease inhibitors, 29
Proteus mirabilis, 226
Prothymocytes, 177, 178, 179
Prothymosin, 140
Pseudomonas aeruginosa, 97,100-103,

226
PTC, see Phenylthiocarbamyl
Pulmonary edema, 142
Pure potentiation, 29

QS-21,231-235
Quillaja saponaria, 231
Quinacrine, 294

Radiation therapy, 19, 79,90, 192,245,
269

G-CSF IWR-2721 and,215-220
traizene compounds and, 295-297

Rauscher leukemia, 113
RCC, see Renal cell carcinoma
Renal cell carcinoma (RCC), 57-62
cytokines1chemotherapy and, 269-273
IPN combinations and, 60-61
lPN-a and, 74
IL-21OOX and, 50
IL-21 lPN-a and, 52, 53, 61
IL-21LAK cells and, 61-62
immunotherapy and, 59-60
management of, 58
natural history of, 57-58
TILs and, 39-47, 62

Retroviruses, 13
Reverse transcriptase inhibitors, 32, 37,

123-124, 170, 173, see alsospecific
types

rev gene, 125, 126, 172
Rhinoviruses, 133-134
RNA, 123, 125, 127, 170, 178,208
Robust antagonism, 29
Robust potentiation model, 29, 31-32
Robust regression, 31
Rous sarcoma virus, 125
RPMI, 169, 185,238
MB-35 and, 257, 261
TILsand,39,40,41-42,45,46,47

Salmonella typhimurium, 226
SCID, see Severe combined immune defi-

ciency
SCLC, see Small cell lung cancer
Seizures, 76
Serratia marcescens, 226
Severe combined immune deficiency

(SCID),114
Simian immunodeficiency virus, 114
Skin cancer, 13, see also Melanoma
Small cell lung cancer (SCLC), 80
Soluble CD4, 169, 170, 174
Squamous cell carcinoma, 80, 198,241-

242
ST 789,223-227
Stadium plots, 32, 35
Streptomycin, 169,257
Sulphosalicylic acid, 256
Suppressor cells, 41, 90, 185,237
Suramin,29, 124
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Surgery, 90, 269
Syncytia formation, 169, 170

Tac antigen, 224
T-a1, see Thymosin-a1
tatgene, 123, 125, 126, 127, 128
T cells, 87, 88, 253, 263, see also specific

types
aging and, 139, 140
arginine and, 223, 224
BMTand,14
C. albicans and, 161
CYand,74
cytokines I chemotherapy and, 269,
271-272

Fey receptors and, 208
GvHD and, 15
HIV-1 and, 114, 115, 168, 170, 173
HPVand,237
IL/THs and, 177-182
IL-1 I IFN-a 113 and, 287
IL-2 and, 50
IL-2 I IFN-a and, 54
in tumor control, 189-190, 191­
192

ST 789 and, 224, 225, 227
THs and, 79

TECs, see Thymic epithelial cells
Teratocarcinoma, 295
Tetanus toxoid, 139, 141
12-0-Tetradecanoyl-13-phorbol-acetate

(TPA),227
TF5, see Thymosin fraction 5
TGF, see Transforming growth factor
Th1 cytokines, 97, 98-99, 100, 103
Th2 cytokines, 99, 100, 103
Thiols, 113, 114
Thomopoietin pentapeptide, 114
Thrombocytopenia, 50, 52,105,173
THs, see Thymic hormones
Thymic epithelial cells (TECs), 178, 179,

180
Thymic hormones (THs), 79-80, 275, see

also specific types
HIV-1 and, 113, 114
ILand,177-182

Thymic humoral factor, 79, 114
Thymic serum factor, 79
Thymidine, 136, 296
Thymidylate synthase (TS), 74
Thymocytes, 178-179,224
Thymopoietin,79, 178, 179, 180
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Thymosin, 79, 253, see also specific types
aging and, 139, 140-141
aspirin and, 131
HBVand, 137, 149-155

Thymosin-a1 (T-a1), 264
aging and, 139, 140-141, 144
HBVand, 137, 149-155
HIV-1 and, 114
IFNand, 1--10, 137, 149, 154,276­
277,280

ILand, 178, 179, 180
IL-2 and, 149-150,277-280

Thymosin-a11 (T-a11), 264
Thymosin-f34 (T-f34), 264
Thymosin-f39 (T-f39), 264
Thymosin fraction 5 (TF5)
HBVand,149-155
ILand, 177, 179, 180, 181, 182
MB-35 from, 253, 254, 255, 257, 258,
261,263,264

Thymostimulin (TS), 79,80-84
Thympoietins, 264
Thymuiin, 178, 179, 180
Thymus, 253, 263
Thyrotropin releasing hormone (TRH),

253,260,262,263,264
TILs, see Tumor infIltrating lymphocytes
lNF, see Tumor necrosis factor
Toxicity, see also Cardiotoxicity; Hema-

tologic toxicity; Myelotoxic­
ity;Nephrotoxicity

COMBO modeling of, 31
of cytokines I chemotherapy, 269, 270-
271

of IFN combinations, 61
ofIFN IT-aI, 6
ofIFN-al chemotherapy, 70, 71
of IFN-a I 5-FU, 74, 75-76
of IFN-f3 ITS, 82
ofIL-2,6O
ofIL-2/IFN-a, 49, 51-52, 61
of IL-2 I LAK cells, 22, 39, 191
ofIL-2 I T-a1, 278

lPA, see 12-0-Tetradecanoyl-13-phorbol-
acetate

Transforming growth factor (TGF), 57
TRH, see Thyrotropin releasing hormone
Triazene compounds, 29>-297
Trichloroacetic acid, 256, 260
tRNA,125
TS, see Thymidylate synthase; Thymo­

stimulin



Tumor-associated antigens, 293
Tumor infiltrating lymphocytes (TILs), 39­

47, 190
AIMVand, 39,40,42-44,45,46­
47

IFN-a and, 62
IL-2 and, 39, 40, 41-42, 43, 44, 45, 46,
47,62,92

IL-2 / TNF-a and, 245-249
IL-4 and, 39, 40, 41-42, 43, 44, 45, 46,
47

in tumor control, 191-192
lytic activity of, 45-46, 47
FlPMland,39,40,41-42,45,46,47
TNF and, 39-40, 42, 43, 44, 45, 46,
47

Tumor necrosis factor (TNF), 1, 192, see
also Tumor necrosis factor-a

aging and, 140
C. albicans and, 164
COMBO on, 29
HIV-l and, 120
TILs and, 39-40,42, 43,44,45,46,47

Tumor necrosis factor-a (TNF-a), 283
IL2 and, 245-249

Tumors, see also Cancer
autologous, 203
IL-l! IFN-a! ~ and, 283, 284, 287,
288

IL-l / IL-2 and, 283, 284-286, 288
immunoregulation abnormalities in,
197-204

immunotherapy and, 189-193
Tumor-specific vaccines, 59
Tyrosine, 209

Ubiquitin, 264, 265

Vesicular stomatitis virus, 127
\Tunblastine, 58, 60
\Tuncristine, 67
Vindesine, 8~84
\Trrus packaging, inhibition of, 123

Woodchuck hepatitis virus, 155
~-2721,215-220

YAC cells, 4, 278

Zidovudine, seeAzidothymidine
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