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FOREWORD

This symposium is devoted to Biotechnology in Blood Transfusion; there are
22 experts discussing the state of the art in the application of monoclonal anti-
bodies, recombinant DNA technologies and heterologous expression systems
to the improvement and sometimes replacement of blood products, charac-
terization of blood constituents, and the effect of these developments on blood
transfusion procedures.

Ten and maybe five years ago the title of a symposium such as this would
have been Biosciences in blood transfusion, informing what basic developments in
molecular biology, biochemistry and human physiology might pertain to
blood transfusion in the distant future. That future is getting closer, and not
only one is interested in basic developments in immunology, recognition and
identification of viral and bacterial components and products, tissue and
bloodgroup typing, but also in the potential application of these developments
and their economic perspectives.

That is what biotechnology is all about: basic science tells us where and
how we might look for new technologies, and the development of such tech-
nologies is only possible if there is a perspective for improvement in quality,
safety, acceptance or performance to cost ratio. This means that working
under the flag of biotechnology is both exciting and frustrating: exciting
because there is much to be done over a very wide range, from very funda-
mental to applied studies, and even venturing into commercialization and
new business development; frustrating because despite the seemingly endless
possibilities, considerable energy and steadfastness are needed to realize the
apparent economic potential. In the end economic feasibility is a harsher
judge of reality than a granting committee.

Some of these prospects which are already being judged or will soon be
judged, will be discussed during this symposium. They include such topics as:

large-scale production of monoclonal antibodies;
applications of monoclonal antibodies for quality control and the detailed
characterization of blood and other tissues;
3. applications of monoclonal antibodies in the ultrapurification of blood
proteins and other biologicals;
4. application of ultrapure blood proteins for therapeutic purposes, and
5. production of human blood proteins in large-scale mammalian cell bio-
reactors using heterologous recombinant DNA expression systems.

If we look a little further into the future, several other developments may well
become important. For instance: the production of human blood proteins or
appropriate substitutes not only in animals and in animal or microbial cell
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bioreactors, but also in suitable plants; the increased use of synthetic peptides
and perhaps even proteins, as organic chemists improve their technologies
inspired by the life sceinces and natural models; the application of protein
engineering to alter blood proteins which are to be used therapeutically —
I am thinking here of properties such as altered temperature or pH stability,
smaller or larger size, antigenic epitopes tailored to specific patient groups
and last but not the least, the development of ultrasensitive biosensing
systems for the rapid and increasingly complete characterization of blood.

However, without the perspective of economic development biotechnology
is nothing, and although this development can certainly occur spontaneously,
it may be useful to create an atmosphere and an infrastructure which stimu-
late biotechnology based economic developments. Every industrial nation
does this to some extent, using tax incentives, subsidies, specific programs or
a combination thereof.

The Netherlands recognized this need in the late 70’s and approached it
in various formal and informal ways. University researchers came together
and developed research and teaching programs in close co-ordination. This
saved the government the unpleasant and difficult task of dividing limiting
amounts of funds over large numbers of competing laboratories. Meanwhile,
the Dutch Biotechnological Society was founded; its membership grew rapid-
ly and is now well beyond 1000, which makes it one of the largest societies
of the European Federation of Biotechnology. Contacts between universities,
industries and government are intense, frequent and informal and the first
phase of the government stimulated development can clearly be said to have
been successfull.

The second phase is now upon us. Having established an excellent R&D
infrastructure, the government has recently launched a program of support
for industries which are interested in developing or expanding their R&D
base in collaboration with university and institute laboratories. A similar
approach is now being followed by the government in several other areas with
economic potential, such as material sciences, information sciences, and of
relevance to this symposium, biomedical technology.

In the university city of Groningen, a number of institutes and research
centres has been developed and some of these are relevant to the topics dis-
cussed at this symposium. These include the Groningen Biotechnology
Centre, the Biomolecular Science Centre, the BIOSON institute, the research
laboratories of the Medical School, and of course, our host: the Red Cross
Blood Bank Groningen-Drenthe.

Prof.Dr. Bernard Witholt
Dean Faculty of Biochemistry
President Science Park
University of Groningen



I. Fundamentals of biotechnology



OPPORTUNITIES FOR BIOTECHNOLOGY
IN TRANSFUSION MEDICINE

L.R. Overby

Biotechnology is approaching its 15th anniversary. The importance of recom-
binant DNA technologies was recognized in 1974 when scientists recom-
mended that ethical, environmental, technical and commercial issues surround-
ing genetic engineering should be assessed broadly before rapid exploitation
of the impending breakthroughs. Most of these issues have been clarified and
we have seen amazing progress in applying biotechnologies to problems in
human health, to animal and plant life, and to areas of energy and the
environment.

In this conference, we are highlighting existing and potential applications
of biotechnology to blood transfusion and hemotherapy. If we look at progress
in molecular biology over the past 15 years and its relation to blood trans-
fusion issues, we can project that the future holds a bright promise for in-
creased safety and efficacy for blood and blood products and for new dis-
coveries that will increase the role of hemotherapy in human healt care.

In assessing the potential influences of biotechnology on blood transfusions,
this review is organized into the following sections: (1) Direct Products that con-
tribute to safety and efficacy of blood and blood products; (2) recombinant
derived Replacement Products for materials purified from plasma; and (3) Indirect
Products and Knowledge that may affect the supply and use of blood and blood
products in hemotherapy. The review is not all-inclusive, but representative
examples are discussed in each case that illustrate the positive role of biotech-
nology in transfusion medicine.

Genetically engineered products that directly affect safety and efficacy

Transfusion-associated infections are major concerns of transfusion medicine.
Most infections have been minimized over the last decade but have not been
eliminated. Two major approaches have contributed to reduction in diseases
transmitted by transfusion. In one case, blood is screened prior to use and
interdicted from use if known infectious agents are probably present. Equally
important is donor selection that minimizes donations from high-risk groups
with the possibility of blood-borne infectious agents. In the case of infectious
agent screening recombinant-derived antigen, antibodies and nucleic acids
have led to improved diagnostic products that identify and diagnose blood
donors with carrier states of hepatitis and AIDS viruses. In the case of high-
risk donor groups recombinant-derived vaccines can serve to provide protec-
tive immunity and thereby ensure safety of blood from an immunized donor.



Figure 1.

Absorbancy

Electron microscope visualizations of HBsAg particles produced in yeast
(left) and HBcAg particles produced in E. coli (right). Final magnification: 130,000 x.
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Figure 2. Comparison of native and recombinant HBsAg (left) and HBcAg (right)
particles for reactivity with anti-HBs and anti-HBc, respectively, in human sera. Sera
were tested for antibodies in an enzyme immuno assay using serum derived antigen.
The sera were then retested after absorption with increasing quantities of native or
recombinant antigens. A unit of antigen was arbitrarily defined as the quantity
giving a 50% reduction in absorbancy.



Hepatitis B and AIDS diagnostics and vaccines

Hepatitis B. The hepatitis B virus (HBV) was one of the first human pathogens
to be cloned and sequenced and studied at the molecular level for producing
viral antigens in heterologous organisms. Valenzuela et al., in 1982, cloned
the subunit polypeptide gene for the surface antigen (HBsAg), and produced
HBsAg particles in yeast, identical in all respects to native particles in plasma
of infected individuals [1]. Earlier, Stahl et al. expressed the HBV core anti-
gen (HBcAg) gene in E. coli and produced core antigen particles identical to
the HBV nucleocapsid particles [2]. Electron microscopic visualizations of
these two genetically engineered HBV antigens are shown in Figure 1. Bio-
physically the particles are identical to those found in human plasma during
HBV infection.

The convenient sourcing of HBsAg and HBcAg by production in micro-
organisms has led to the use of the recombinant materials as diagnostic
reagents. Immunologic identity of the native virus antigens and the corre-
sponding recombinant antigens is illustrated in Figure 2. As shown in this
comparison, native and recombinant HBsAg and HBcAg particles were
equally competitive for anti-HBs and anti-HBc, respectively, in human anti-
serum. The dissociated HBsAg subunit protein was also reactive with anti-
HBs. However, HBsAg subunit protein was not reactive with anti-HBc. Diag-
nostic accuracy and the quality of commercial products should be substantial-
ly increased through the use of genetically engineered antigen particles to test
for anti-HBs and anti-HBc. Currently, all commercial tests for anti-HBc use
E. coli produced HBcAg. This test is now being used in the United States as
a surrogate screening marker for non-A non-B (NANB) hepatitis based on
two prospective studies showing a correlation of HBcAg in donor blood and
NANB hepatitis in recipients [3,4].

Delta hepatitis. The delta-hepatitis agent (HDV) does not appear to be a
problem of safety in blood transfusions since the agent is found only during
co-infection with HBV [5]. It is presumably a defective RNA virus that
requires ongoing HBV replication for its own life cycle [6,7]. Superinfection
of HBV with HDV almost always results in a more severe pathologic con-
sequence. The agent appears to be a new class of human pathogen. The tech-
niques of molecular biology have been key to understanding the nature of
HDV. Wang et al. have cloned and sequenced the single stranded, circular
RNA genome of HDV [8]. They also identified that the immunogenic ‘delta
antigen’ was produced from the anti-genomic (positive) strand, and could be
readily produced in bacteria. Figure 3 illustrates the possible open reading
frames and candidate virus-coded proteins for HDV. Thus far, only the
proteins derived from reading frame 5 in the anti-genomic strand have been
found to react with antibodies present during HDV infection. Further work
at the molecular level should lead to a more complete understanding of this
new hepatotropic agent. Thus far, it appears that the agent represents a new
class of mammalian viruses, with some properties suggestive of plant viroids
and virusoids.
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Figure 3. Map of the open frames of hepatitis delta virus genomic RNA (left) and
the complementary RNA (right). Only the protein derived from reading frame in the
complementary strand was found to react with human anti-delta sera.
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Figure 4 Genomic map of the typical human immunodeficiency virus showing the
major virus proteins and their approximate molecular weight in kilodaltons.
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AIDS. The Human Immunodeficiency Viruses (HIV) are currently one of
the highest priority problems in public health. Transfusion associated AIDS
is of special importance for blood transfusion services, and all blood collec-
tions in North America and Western Europe are routinely screened for anti-
bodies to HIV. The initial commercial products for testing for anti-HIV have
used partially purified viral lysates as antigen sources. Standardization of
virus purity and control of false positive reactions have been difficult
problems for these virus based tests. It is likely that recombinant derived pro-
teins will be the method of choice for future generations of diagnostic tests
for HIV antibodies and antigens.

Several HIV isolates were cloned and sequenced in 1985 [9]. The genomic
map for HIV is illustrated in Figure 4, showing the major gene products of
the virus. All of the virus protein studied thus far have been shown to induce
antibodies in a large percentage of infected persons. These studies have been
possible only as a result of producing each of the individual proteins through
biotechnology processes and constructing immunoassays with the purified
materials. Our laboratory estimated the percentage of sera from infected per-
sons that reacted with each of nine HIV proteins [10]. As shown in Table 1,
the reactive rates of sera varied from 37% to 99% for the individual antigens.
We selected four recombinant proteins representing p-24 gag, p-31 pol, gp-41
env and gp-120 env as candidates for diagnostically relevant antigens. The four
proteins were configured into a banded immunoblot format for detection of
individual antibodies. Figure 5 shows the comparison of five sera tested with
the recombinant immunoblot and a typical Western blot using purified HIV.
The recombinant proteins showed equal immunoreactivity along with a
simple and easily interpretable pattern. The procedure will be useful for rapid
and sensitive confirmation of test results and for research on prognostic and
diagnostic significance of antibody profiles. The availability of recombinant
antigens will permit the procedures to be performed in many laboratories
unable to routinely perform Western blots.

Table 1. Reactive rates of anti-HIV positive sera with individual
virus proteins.

Polypeptide designation  Gene source  Percentage of sera reactive

gpl120 env 89
gp4l env 98
pd3 gag 87
p25 gag 76
pl6 gag 41
p;21* ga% not S;gsted
P po

p66** pol 80
p15*** pol not tested
p27 LOR 37
p20 3'ORF 43
pl0 tat not tested

* % *

** protease

* endonuclease; reverse transcriptase;



Figure 5. Comparisons of typical Western blot analyses using purified virus (right)

and a recombinant immunoblot using four recombinant antigens (left) for antibodies

in human immunodeficiency virus (HIV) sera. Sera 1-4 were from known infections.
Serum 5 was a negative control.

Table 2. Comparison of anti-HIV reactive rates of 2013 normal blood
donors in ELISA tests using recombinant antigens and purified virus.

Recombinant antigen  Purified virus

No. of sera reactive 5 14
No. of sera confirmed positive 1 1
No. of sera non-reactive 2007 1998

Table 3. Comparison of dilution sensitivity of ELISA tests for anti-HIV
with recombinant antigens and purified virus.

Serum dilution Recombinant antigen Purified virus
Absorbancy +/- Absorbancy +/-
0 >3.000 + 2.320 +
1:2 >3.000 + 2.163 +
1:4 >3.000 + 1.542 +
1:8 >3.000 + 0.990 +
1:16 > 3.000 + 0.520 -
1:32 2.025 + 0.361 -
1:64 1.323 + 0.230 -

1:128 0.570 0.157 -




A mixture of the same four HIV recombinant proteins was also used in
a standard microtiter plate ELISA format for rapid screening for HIV anti-
bodies. As shown in Table 2 we observed fewer false positive reactions in
normal blood donor sera. The recombinant test was also more sensitive in
detecting antibodies in several sequentially diluted sera (Table 3). These and
other studies strongly imply that more reliable and accurate tests for screen-
ing blood for potential AIDS infectively will be possible by use of recom-
binant derived HIV proteins.

Vaccines. Transfusion transmitted infection can potentially be eliminated when
donor blood from only immune individuals is transfused into immune
recipients. Recombinant derived vaccines may in due time make this a possi-
bility for hepatitis B. HBsAg produced in yeast is now commercially available
as a vaccine and has a substantial history of safety and efficacy. Wide scale
use of this vaccine in normal blood donor populations and in groups at high
risk for transfusions and hemotherapy will inevitably reduce the incidence of
transfusion-associated hepatitis B. Cost benefit analyses will be major issues.
Jonsson has estimated that in a low risk general population the cost of
preventing one case of hepatitis B by vaccination in over $20,000, and to
avoid one death over $20 million [11]. The relative costs of HBsAg screening
versus immunization of donors and recipients are challenges for biotech-
nology.

AIDS and non-A non-B (NANB) hepatitis represent more serious prob-
lems for all concerned with transfusion services and wide scale vaccinations
may be the only recourse for controlling the diseases. The lack of success in
discovering and characterizing the NANB hepatitis agent(s) despite an over-
whelming effort during the past 10 years is difficult to explain in view of
extensive knowledge about hepatitis A and hepatitis B. Conventional sero-
logic and virologic techniques are probably unsuccessful because of knowl-
edge gaps in the nature of the agent. We must now project that application
of highly sensitive molecular biology techniques for cloning and discerning a
rare nucleic acid in a universe of other host and foreign materials in a NANB
infected liver or plasma will indeed be successful. Reconstruction experiments
indicate that both HBV and HDV could have been discovered through ‘blind’
cloning without recourse to serology. In these cases serological methods led
to identification of the viruses. Afterwards, the techniques of genetic engin-
eering were applied to classify and clarify the replication mechanisms. For
NANB the discovery will most likely come from a molecular approach,
followed by clarification and control through serology. Because of the serious
chronic sequelae of NANB hepatitis both a diagnostic to minimize trans-
fusion transmission and a vaccine to give protective immunity for donors and
recipients are urgently needed.

Immunization against HIV presents an ultimate challenge for molecular
biologists and cellular immunologists, because the virus is a persistent and
transforming retrovirus, and infects lymphocytic cells normally involved in
events required for protective immunity. Studies are already underway evalu-
ating immunogenic potential of recombinant produced HIV envelope pro-
teins. Re-engineering the virus genome to circumvent pathogenicity and
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transforming potential with preservation of immunogenic potential is another
approach that is well within the scope of current techniques. Biotechnology
will play an important role in devising strategies for retrovirus immunizations.

Recombinant derived replacement products

Factor VIIIC. Advances in broad use of stabilized blood components and
purified plasma products have led to improvements in transfusion practices
for controlling hemorrhage and coagulation disorders. Factor VIII and
plasminogen activators, normal components of blood, are prime candidates
for sourcing via genetic engineering. The genes for both Factor VIIIC and
tissue plasminogen activator (TPA) have been identified, cloned, sequenced
and expressed [12,13]. The active proteins have been produced in microorgan-
isms and in mammalian cells, and are well into human clinical trials. Without
doubt these recombinant derived biologicals will find wide scale commercial
use as pharmaceuticals. Factor VIIIC represents the most genetically com-
plex, biologically active protein to be produced by molecular biologists. The
genetic organization of Factor VIIIC is illustrated in Figure 6. The DNA ge-
ne consists of 180,000 base pairs. The 26 exons comprise only about 5% of
the DNA transcription followed by splicing and processing, gives rise to Fac-
tor VIIIC RNA of about 9000 bases (Figure 7). The native protein consists
of 2,332 amino acids with a molecular weight of about 330,000 daltons after
glycosylation. The glycosylated protein is further cloned to give active
enzyme. It is not likely that recombinant derived Factor VIIIC will be any
more or any less effective than plasma purified material. However, the risk
of infectiousness will be removed. Commercialization of bioengineered Factor
VIIIC will demand that the economics of the blood fractionation industry be

FACTOR Viiic GENE
DNA

1 234 56 789101112 13 14 15-22 23-25 26

1 L

1 ‘ 180,000

Transcription, Splicing

2
mRNA

—

19,000

(26 exons, 5% of gene)

Figure 6. Genetic organization of human Factor VIIIC.
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considered. As biotechnology products replace the plasma-derived materials
and fewer products are derived from plasma there will be an economic burden
for the remaining plasma products.

FACTOR Vliic: mRNA TO ENZYME

mRNA
P =
1 Translation l 9,000
Precursor Protein
HN 1- COOH
2 - i
-10 1 Processing ‘ 2332
Mature Protein (M-265,000)
H2N —{h : %— COOH
1 Glycosylation ‘ 2,332
Native Protein (M-330,000)
L |
2 Thrombin v‘ 2,332

Active Enzyme

Figure 7. Expression and processing of Factor VIIIC protein to give biologically
active enzyme.

Plasminogen activators. Therapeutic and preventive dissolution of fibrin blood
clots with minimal effects on normal coagulation is needed in both arterial
and venous vascular diseases. Urokinase (UK) and tissue plasminogen activ-
ator (TPA) are natural serine protease enzymes that convert plasminogen to
plasmin, which in turn degrades fibrin (Figure 8). TPA may be more clot

Fibrinogen .
A;_'_’j. Thrombin

Trass )
R niury

Tissue .\,
Activators Fibrin

s,

PLASMINOGEN LPLASMW:Q

/)

Ve
Urokinase

FDP

Figure 8. llustration of activiation of plasminogen by urokinase and tissue
plasminogen activator for degradation of fibrin.
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Figure 9. Tllustration of possible mechanism of clot specific degradation of fibrin by
tissue plasminogen activator.

ISCHEMIA-PERFUSION INJURY
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Figure 10. Summary of biochemical reactions that occur during ischemia (down-
ward arrows), reperfusion (horizontal arrows), and destruction of free radicals by
superoxide dismutase and catalase (upward arrows).
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specific by binding directly to fibrin for activation. The complex then activ-
ates plasmin within the fibrin locale. The mechanism in theory, provides for
clot specific degration of fibrin (Figure 9). Urokinase is conveniently available
from urine or kidney cell culture. TPA has been produced conveniently from
human genes cloned into heterologous cells, and the material is currently in
clinical use. If these products significantly reduce thromboses and acute and
chronic cardiovascular diseases that require surgical interventions, the
demand for fresh blood for cardiopulmonary uses may decrease. This will
allow vital supplies to go further and reach more patients.

SUPEROXIDE DISMUTASE

10
Met Ala Thr Lys Ala Val Cys Val Leu Lys Gly Asp Gly Pro Val Gln

20 30
Gly Ile Ile Asn Phe Glu Gln Lys Glu Ser Asn Gly Pro Val Lys Val

40
Trp Gly Ser Ile Lys Gly Leu Thr Glu Gly Leu His Gly Phe His Val

50 60
His Glu Phe Gly Asp Asn Thr Ala Gly Cys Thr Ser Ala Gly Pro His

70 80
Phe Asn Pro Leu Ser Arg Lys His Gly Gly Pro Lys Asp Glu Glu Arg

90
His Val Gly Asp Leu Gly Asn Val Thr Ala Asp Lys Asp Gly Val Ala
100 110
Asp Val Ser Ile Glu Asp Ser Val Ile Ser Leu Ser Gly Asp His Cys
120
Ile Ile Gly Arg Thr Leu Val Val His Glu Lys Ala Asp Asp Leu Gly

130 140
Lys Gly Gly Asn Glu Glu Ser Thr Lys Thr Gly Asn Ala Gly Ser Arg

150
Leu Ala Cys Gly val Ile Gly Ile Ala Gln

Figure 11.  Primary amino acid sequence of the subunit protein of human superoxide
dismutase.

Superoxide dismutase. For decades the medical community has focused on
restoring blood flow as fast as possible in treating heart attacks, strokes, and
blood clots in other organs. As mentioned above new generations of bio-
engineered fibrinolytic agents are projected to rapidly restore blood circula-
tion to blocked tissues. The common belief that tissue and cells rapidly die
when deprived of oxygen-carrying blood persisted until a few years ago. In
fact cells can survive for substantial periods when deprived of oxygen. Animal
studies have demonstrated that in many cases of temporary blockage of blood
flow major damage occurs at the moment blood flow is resumed. The bio-
chemical pathways have been elucidated whereby the sudden surge of oxygen-
rich blood to oxygen-deprived cells instantly liberates oxygen free radicals
(superoxide) and this sets up a reaction chain of various kinds of free radicals
which is rapidly lethal to the cells and tissues (reperfusion injury). McCord
has reviewed the mechanism for ischemia induced production of superoxide
[14]. Figure 10 illustrates the biochemical reactions at ischemia and the pro-
duction of free radicals when coupled to reoxygenation.

Normal injury to cells and organs by peroxides and superoxide is controlled
by the enzyme superoxide dismutase (SOD) which is found in all living plant
and animal tissues. Animal studies have clearly demonstrated that admin-
istration of superoxide dismutase at the time of reperfusion will dramatically
prevent reperfusion injury by destroying oxygen free radicals (Figure 10) [15].



12

Human superoxide dismutase is currently available in large quantities via
biotechnology processes. The cloned gene is readily produced in transformed
yeast and other microorganisms [16]. The active enzyme is a dismer of the
153 amino acid subunit shown in Figure 11. Each molecule contains one Cu
and one Zn molecule.

Recombinant derived human superoxide dismutase is currently under-
going clinical evaluations for safety and efficacy. The possible use of SOD in
conjunction with fibrinolytic drugs to prevent reperfusion injury when blood
again begins to flow may lead to fewer cardiovascular surgical procedures and
consequently a shifting demand for blood transfusions (Table 4).

Table 4. Estimated uses of whole blood by
clinical category

Clinical category Percentage of
total blood
Malignant neoplasm 20
Cardiopulmonary 17
Gastrointestinal tract 16
Fractures, trauma 13
Organ transplantation, dialysis 10
Other procedures 24

New knowlegde affecting supply and use of blood and blood products

In looking to the future, we can predict that the era of biotechnology will
continue to evolve and bring new knowledge about controlling malignant
neoplasms, in-situ correction of genetic defects, specific controls of the
immune system, and a more widescale use of organ transplantation. Practical
success in any of these areas will shift the needs for hemotherapy. An estimate
for the distribution of whole blood for various clinical categories is shown in
Table 4. Knowledge breakthroughs leading to ‘cure’ or significant control in
any area will shift the requirements for transfusion services. A few examples
will illustrate.

Constructing heritable characteristics. The ability to reconstruct genes in living cells
will provide the possibility for correcting defects. In situ correction of defects
leading to hemophilia A or thalassemia would decrease the need for whole
blood and antihemophilic factor (AHF) specific blood products.

Cancer. The future for bioengineered interferons, interleukins, tissue necrosis
factors and other biological modulators plus an understanding and control of
oncogenes will depend on continued progress in molecular and clinical
investigations. Some of these bioengineering products may lead to additional
controls for malignant neoplasms over the next decade. Hematologists will no
doubt play major roles in identifying and assessing therapeutic and prophy-
lactic applications for management of cancer may lead to fewer surgical
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procedures, and less demand for blood transfusions which now accounts for
about 20% of total blood usage.

Organ transplantation. An understanding of immune tolerance at the molecular
level could lead to bioengineered products enhancing organ transplantation
successes. This will in turn increase the demand for blood and hemotherapy.

Aging and chronic diseases. An understanding of genes and gene functions at the
molecular level has led to considerable knowledge about cell growth and
development. It seems reasonable that reversal of these processes through loss
of bioactive molecules by mutation or gene inactivity can result in aging and
chronic diseases. Reactivation of genes or exogeneous supply of growth factors
may limit aging and chronic diseases. The eventual sequencing of the human
chromosome will provide knowledge and understanding of many basic life
processes, including development and aging and chronicity. Although we
don’t envision a world of perpetual youth, some of the consequences of aging,
such as muscle or bone wastage, may be minimized or corrected at the
molecular level. In such an era we can expect that trauma and injuries will
continue; new infectious agents may evolve; surgeries will continue; and
blood and blood products will be required.

Summary

We have at hand currently bioengineered products and molecular knowledge
to improve the safety and efficacy of blood and blood products. Recombinant
derived antigens for hepatitis B and AIDS diagnostics will soon be routine in
blood banks. These transfusion transmitted diseases will be further minim-
ized with use of the improved products. Hepatitis B vaccines represent the
first commercial genetically engineered vaccines. As more immunized donors
donate blood the risk for hepatitis B transfusion will decrease. AIDS and non-
A non-B hepatitis are current major problems for transfusion medicine and
both are major challenges for molecular biologists. Progress is substantial but
breakthroughs do not appear to be near. New dimensions of knowledge will
be needed to discover the non-A non-B viruses and to devise an immuniza-
tion strategy for AIDS.

Bioengineered human Factor VIIIC and tissue plasminogen activator are
now entering clinical use and may possibly affect both the economics and
patterns of need for blood. Long term changing needs for hemotherapy can
be expected as knowledge evolves about neoplasia, aging and organ
transplantation.

Many of the predicted accomplishments for biotechnology have actually
accrued over the past 10 years. Cloning and expression of genetic information
is now simple, fast and routine. During the next decade human health care,
including the blood transfusion segment, should expect and plan for the
changes and breakthroughs that will surely come.
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INTRODUCTION TO MOLECULAR GENETICS AND
RECOMBINANT DNA TECHNOLOGY

E.J. Benz Jr

Introduction

The basic repositories of biological information flow, called genes, consist of
molecules of DNA. Molecular biologists attempt to understand the molecular
basis for the flow and regulation of genetic information by using recombinant
DNA methods to isolate and analyze genes. The ability of molecular biology
to examine genes directly is revolutionizing the study of virtually all biological
systems, including many areas relevant to transfusion medicine. This com-
munication attempts to introduce the basic concepts of this field. For nearly
two decades after the elucidation of the crystallographic structure of DNA,
molecular geneticists were largely confined to the study of simple micro-
organisms. Complex genomes were beyond the capability of the limited
repertoire of methods available for manipulating DNA molecules until a new
approach, recombinant DNA technology, arose in the 1970’s. Recombinant
DNA methods combine advances in enzymology, nucleic acid biochemistry,
and microbial genetics in ways that allow one to ‘cut and paste’ DNA mole-
cules from diverse sources together to form novel DNA molecules and to
introduce this DNA into new host cells, where it can be propagated and
expressed. These capabilities permit one to physically isolate or ‘clone’ indi-
vidual genes even if they originally represent only one part per million or less
of a complex genome. Recombinant DNA technology thus provides a quantum
increase in our capability to examine genes directly as individual physical
entities. The real power of molecular genetic approaches resides in the uni-
versality with which these relatively simple methods can be productively
applied. Thus, the basic approach one might use to study normal gene regu-
lation during hematopoiesis is equally applicable to the analysis of abnormal
gene expression occurring in inherited diseases of coagulation, or in situations
of immune dysfunction. The principles described in this introduction are thus
important to all areas of hematology.

Principles of molecular genetics

The fundamental kernel of information storage in nature is the gene, which
consists of deoxyribonucleic acid (DNA). DNA molecules are extremely long
unbranched polymers consisting of nucleotide subunits. Each nucleotide con-
tains a sugar moiety called deoxyribose, a phosphate group, and a purine or
pyrimidine base (Figure 1). The linkages in the chain are formed by phos-
phoidester bonds between the 5' position and the 3’ position of each sugar
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Figure 1. Fundamental construction of the DNA molecule.
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residue in the chain (see Figure 1). These links form the backbone of the poly-
mer, while the purine or pyrimidine bases project perpendicular to the chain.

The four nitrogenous bases in DNA are the purines: adenosine and the
pyrimidines: thymine and cytosine. The basic chemical configuration of
ribonucleic acid (RNA), is quite similar, except that the sugar is ribose, while
the pyrimidine base uracil is used in place of thymine. The nitrogenous bases
are commonly referred to by a short-hand notation: the letters A, G, T, G,
and U are used to refer to adenosine, cytosine, thymine, guanosine, and
uracil, respectively. The ends of DNA and RNA strands are chemically dis-
tinct. Because of the 3'—5' phosphodiester bond linkage that ties adjacent
bases together (Figure 2), one end of the strand (3’ end) will have an unlinked
(free) 3' sugar position, and the other (the 5’ end), a free 5' position. There
is thus a ‘polarity’ to the sequence of bases in a DNA strand. The same
sequence read a 3'— 5’ direction carries a different meaning than if read in
a 5'— 3' direction. Cellular enzymes can distinguish one end of a nucleic acid
from the other; most enzymes that can ‘read’ along the DNA sequence tend
to do so only in one direction (3'—5' or 5'— 3', but not both).

H\
(/N N—HuQ CH,
«_/ N\ 7Y thymidine 3-end §-end
/'\ —/-\““H N ) (uracil) ‘J
R hY >_'\ A 1wt T
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G i C— G = C) sequences of a double-stranded
=T i A— segment of DNA
—A i T—
l]-l —G e C—
N OmH—N T 11 A—
r/ \
N~ N—HmiN. ) cytosine  Send  3end
R oN=( N
N—H"O R
H
guanine

Figure 2. The four nitrogenous bases in DNA, which combine complementary in
pairs: adenine-thymidine and guanine-cytosine.

The ability of DNA molecules to encode information resides in the sequence
of nitrogenous bases. Under the conditions extant within living cells DNA is
thermodynamically most stable when two strands coil around each other to
form a double stranded helix. The strands are aligned in an ‘antiparallel’
direction. (That is, the strands have opposite 3'— 5" polarity (see Figure 2)).
This structure is stable only when the sugar phosphate backbones are arrayed
on the outside of the helix with the nitrogenous bases stacked in the center
(Figure 1). The two strands are held together (stabilized) by hydrogen bonds
between the nitrogenous bases of each strand. Stereochemical considerations
dictate that these hydrogen bonds can form only if adenine on one strand
pairs with thymine on the opposite strand, and guanine with cytosine. In
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other words, an adenine occurring at a certain position along a DNA strand
can only bind effectively to a DNA strand having a thymine at the analogous
position along the opposite strand. These ‘Watson-Crick’ rules of base pairing
are usually expressed by saying that only AT and G-C base pairs can form.
Two strands joined together in compliance with these rules are said to have
‘complementary’ base sequences.

The implications of these rules are apparent: The sequence of bases along
one DNA strand immediately dictates the sequence of bases that must be present
along the opposite or complementary strand in the double helix. For example,
whenever an A occurs along one strand a T must be present on the opposite
strand; a G must always be paired with C, a T with an A and a C with a G.
This hydrogen bonding specificity confers on DNA strands their information-
al capacity. (Note: in RNA, U-A base pairs replace T-A base pairs). Enzymes
that replicate or polymerize DNA and RNA molecules obey the base pairing
rules. They utilize an existing strand of DNA or RNA as the ‘template’. The
new (daughter) strand is then transcribed or copied, by reading processively
along the base sequence of the template strand and, at each position, adding
to the growing strand only that nitrogenous base that is ‘complementary’ to the
base in the template by the Watson-Crick rules. Thus, a DNA strand having
the base sequence 5*AATGGC-3' could only be copied by DNA polymerase
into a daughter strand having the sequence, 3*TTACCG-5". Note that the se-
quence of the template strand immediately provides all the information need-
ed to predict the nucleotide sequence of the ‘complementary’ daughter strand.
Consider a double stranded DNA molecule that is separated into the two
daughter strands. If each strand is then used as a template to synthesize a new
daughter strand, what results in the creation of two double stranded daughter
DNA molecules, each identical to the original parent molecule. This ‘semi-
conservative’ replication process is exactly what occurs during mitosis and
meiosis as cell division proceeds. In this manner the rules of Watson-Crick
base pairing provide for the ability of DNA molecules to transmit faithful
copies of themselves to subsequent generations.

The information stored in a DNA base sequence achieves its impact on the
structure, function, and behaviour of organisms by governing the structures
and amounts of protein synthesized in the cells. The primary structure (amino
acid sequence) of each protein determines its three dimensional conforma-
tion, and, therefore, its structural and functional properties (e.g. enzymatic
activity, ability to interact with other molecules, stability, etc.). These proteins
are the enzymes and structural elements that control cell structure and meta-
bolism. Genes determine the structures of proteins that are synthesized, the
timing of their production during development or differentiation, and the
amounts produced in different cells or tissues. In this manner DNA sequences
control the properties of the organism. The process by which DNA achieves
its control of cells is called gene expression.

A schematic outlining the basic elements of gene expression is shown in
Figure 3. The nucleotide base sequence in DNA is first copied into an RNA
molecule, called messenger RNA, by mRNA polymerase. The mRNA has a
base sequence complementary to the DNA coding strand. Genes in all species
except certain micro-organisms consist of tandem arrays of sequences encoding
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Figure 3. A schematic outlining of the basic elements of gene expression.

messenger RNA (exons) that alternate with sequences present in the initial
mRNA transcript, or precursor, but absent from the mature mRNA
(introns). The entire gene is transcribed into the large precursor, which is
further processed (‘spliced’) in the nucleus so that the RNA regions comple-
mentary to the introns are excised and discarded. The mRNA is then export-
ed to the cytoplasm, where it is decoded and translated into the amino acid
sequence of the protein by association with a biochemically complex group
of ribonucleoprotein structures called ribosomes.

Ribosomes read the mRNA sequence in a ‘ticker tape’ fashion three bases
at a time, inserting the appropriate amino acid encoded by each three base
code word, or codon, into the appropriate position of the growing protein
chain. This process is called messenger RNA translation. Thus, DNA regu-
lates the properties of organisms by expression in the form of protein syn-
thesis. Genetic information flows in the direction DNA — mRNA~ protein.
This polarity of information flow has been called the ‘central dogma’ of mole-
cular biology.
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Table 1. The genetic code. Messenger RNA codons for the amino acids.

Alanine Arginine Asparagine Aspartic acid  Cysteine
GCU CGU AAU GAU UGU
GCC CGC AAG GAC UGC
GCA CGA
GCG CGG

AGA

AGG
Glutamic acid  Glutamine Glycine Histidine Isoleucine
GAA CAA GGU CAU AUU
GAG CAG GGC CAC AUC

GGA AUA
GGG

Leucine Lysine Methionine Phenylalanine  Proline*
UUA AAA AUG** Uuuu CCU
UuG AAG uucC CCC
Ccuu CCA
CUC CCG
CUA
CUG
Serine Threonine Tryptophan Tyrosine Valine
ucu ACU UGG UAU GUU
UuCcC ACC UAC GUC
UCA ACA GUA
UCG ACG GUG
AGU
AGC

Chain termination codons

UAA
UAG
UGA

* Hydroxyproline, the 21Ist amino acid, is generated by post-translational modifica-
tion of proline.
** AUG is also used as the chain initiation codon.

The ‘Rosetta stone’ used by cells to know which amino acids are encoded
by each DNA codon is called the genetic code (Table 1). The genetic code was
deciphered by a series of elegant experiments conducted in several labora-
tories in the 1950’s and 1960’s. Each amino acid is encoded by a sequence of
three successive bases, called a codon. Recall that a sequence read in the
5'—3' direction has a different biological meaning than a sequence read in
the 3'—5' direction. Given this polarity, (and an alphabet of the four code
letters, A, C, U, and G) there are 43 or 64 possible three base codons.
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There are 21 amino acids found in proteins, so that there are more codons
available than there are amino acids to be encoded. As noted in Table 1, this
redundancy or degeneracy of the genetic code results in the fact that some
amino acids are encoded by more than one codon. For example, there are 6
possible codons that specify incorporation of leucine at a specific position in
the amino acid chain, and 2 codons for glutamic acid, but only one each for
methionine and tryptophan. However, in no case does a single codon encode
more than one amino acid. Codons thus predict unambiguously the amino
acid sequence they encode but one cannot easily read ‘backward’ from the
amino acid sequence to decipher the encoding DNA sequence.

Some specialized codons serve as start and stop signals for an RNA trans]a-
tion. The initiator codon, AUG, not only codes for methionine but also serves
as the signal to start protein synthesis when surrounded by the proper ‘con-
sensus’ sequence of bases. Three codons, UAG, UAA, and UGA serve as
terminators marking the end of translation. These codons do not specify in-
corporation of amino acid. Rather, they inform the ribosomal apparatus that
the amino acid chain has been completed and that dissociation of the riboso-
mal subunits from the mRNA should occur.

The adaptor molecules which mediate individual decoding events during
mRNA translation are called transfer RNA’s. These are small RNA species,
approximately 40 nucleotides long. When each tRNA is bound into a riboso-
me it exposes a 3 base segment, called the ‘anticodon’. These 3 bases abut
against the 3 base codon exposed on the mRNA that is also bound to the ribo-
some. Only transfer RNA’s having a 3 base ‘anticodon’ complementary at
mRNA codon will form a stable interaction among the mRNA, the ribosome,
and the tRNA molecule. Within each tRNA is a separate region that is adapt-
ed for binding to an amino acid. The enzymes that catalyze the binding of
the amino acid are constrained so that each tRNA species can only bind to
a single amino acid. For example, tRNA molecules containing the anticodon
3 TAG-5', which is complementary to a 5*AUC-3' (isoleucine) codon in
mRNA, can only be bound to or charged with methionine; tRNA containing
the anticodon 3‘AAA-5" can only be charged with phenylalanine, etc. The
properties of tRNA and amino acyl tRNA synthetase enzymes provide the
specificity for translation of the genetic code. Ribosomes provide the reading
apparatus by which tRNA anticodons and mRNA codons are brought to-
gether in an orderly linear and sequential fashion. As each new codon is expo-
sed, the appropriate charged tRNA species is bound, and a peptide bond is
formed between the amino acid carried by the tRNA and the existing nascent
protein chain. The growing chain is transferred to the new tRNA in the pro-
cess, so that it is held in place as the next tRNA is brought in.

Upon completion of translation, the polypeptide chain is released into the
cytosol for further processing by other structures, such as endoplasmic reti-
culum and the Golgi apparatus. Some proteins associate chain with other
subunits to form complex multimeric proteins (e.g. hemoglobin), for binding
to cofactors, for processing (e.g. glycosylation) in microsomes, etc.
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Gene regulation

Virtually all cells of an organism receive a complete copy of the DNA genome
transmitted to the organism at the time of its conception. In order to form
distinct cell types and tissues, the genome must selectively express or repress
different genes in each cell. Each cell must ‘know’ which genes to express,
how actively to express them, and when to express them. This biologcial
necessity has come to be known as ‘gene regulation’ or ‘regulated gene ex-
pression’. An understanding of the ways that genes are selected for expression
remains one of the major frontiers of biology and medicine. Although little
is known about the mechanisms regulating gene expression, many of the
molecular elements involved in regulation are becoming better understood as
a result of the application of recombinant DNA technology.

Most of the DNA in living cells is inactivated by being bound into a
nucleoprotein complex called chromatin. The histone and non-histone pro-
teins in chromatin effectively ‘hide’ the majority of genes from enzymes
needed for expression. It is now clear that there are DNA sequence regions,
usually flanking the actual ‘structural gene,* which serve as regulatory
signals. These sequences do not usually encode RNA or protein molecules.
Rather, they interact with nuclear proteins. These proteins alter conforma-
tion of the gene within chromatin in such a way as to facilitate or inhibit
access to the apparatus that transcribes genes into mRNA.

Several types of DNA sequence elements have been defined according to
the presumed consequences of their interaction with nuclear proteins.

Promoters are found just ‘upstream’ (to the 5’ side) of the start of mRNA

transcription (the ‘CAP’) in almost every gene. Promoters appear to be the
sequence loci at which mRINA polymerases bind and gain access to the struc-
tural gene sequences downstream. They appear to serve a dual function of
binding the mRNA polymerase and ‘marking’ for the polymerase the point
at which mRNA transcription should start.
Enhancers are DNA sequences that serve more complicated and less well
understood functions. Enhancers can occur on either side of a gene, or even
within the gene in introns. Enhancers appear to bind to nuclear proteins or
‘transcription factors’ and thereby stimulate expression of genes nearby. Some
enhancers influence only the adjacent gene; others play a role in marking the
boundaries of large multigene clusters (gene domains) whose co-ordinated
expression is appropriate to a particular tissue type or a particular time.
‘Silencer’ sequences appear to serve a function that is the obverse of enhancers.
When bound by the appropriate nuclear proteins, silencer sequences cause
repression of gene expression.

* The structural gene is defined as the DNA sequence encoding the mRNA
precursor.



23

TYPES OF CUTS MADE BY RESTRICTION ENZYMES

ccc ¢ GGG _G‘AATTC
GGG CCC CTTAAG.
t t
l Smal 1 EcoRI
3 s —_3 [ —
TCeC o, 666 S + BATTC
666 ¥ ccc CTTAA | G
5 3 —5 3I—
Flush ends Cohesive end with 5'overhang
S
CTGCAG
_GACGTC
’
1 Pst I
TCTGCA .
B 3 ACGTC. ..

Cohesive end with 3' overhang

Figure 4.
Basic tenets of recombinant DNA technology

The informational content of DNA molecules resides in the nucleotide
sequence, rather than in the sugar phosphate backbone. Unfortunately, tradi-
tional biochemical methods do not provide straightforward ways to distinguish
among nucleic acid molecules on the basis of their nucleotide sequences. In
addition, genes do not exist in cells as discrete DNA molecules; rather,
thousands of genes are linked together in tandem with very long stretches of
intergenic DNA to form chromosomes. For example, in the human genome,
the three billion base pairs of DNA exist as 23 chromosomes in the haploid
genome. Each chromosome is thus about 100 million base pairs long. These
facts render DNA an almost unworkable substance for direct physical purifi-
cation of most genes. Recombinant DNA technology circumvents the bio-
chemical problems inherent in the properties of DNA by combining enzym-
ologic, microbiological, and genetic approaches.
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Restriction endonucleases

A major advance in our ability to manipulate DNA molecules was the dis-
covery of enzymes produced by bacteria called restriction endonucleases.
Restriction endonucleases have the capacity to recognize short nucleotide
base sequences (oligonucleotide sequences) and to cleave DNA within or near
the recognition sequence. For example, EcoR1, a restriction endonuclease iso-
lated from Escherichia coli, cuts DNA at the sequence 5*GAATTC-3', but
nowhere else (Figure 4). Thus, each DNA sample will be reduced reproduci-
bly to an array of smaller sized fragments whose size ranges depend on the
distribution with which 5:GAATTC-3' is encountered. However, the DNA
will not be degraded in any other way by the enzyme. Restriction endo-
nucleases differ from other nucleases by the specificity and limited manner
with which they degrade DNA.

Part of the ‘jargon’ that newcomers to the field of recombinant DNA tech-
nology often find difficult arises from the shorthand notation given to restric-
tion endonucleases. These enzymes are generally named after the bacterium
from which they were isolated. Thus, a restriction endonuclease activity puri-
fied from Sermtia marcescens is called Smal, that from Bacillus amyliofaciens is
called BamH]1, etc. Each of the nearly 500 restriction endonucleases that have
been described recognizes a unique oligonucleotide sequence and cleaves the
DNA only at those points. The biological function of restriction enzymes in
their bacterial hosts remains poorly understood.

Restriction enzymes have proved to be extraordinarily useful gifts from the
microbial world to molecular geneticists. They allow one to reduce the sizes
of DNA fragments in a controlled and reproducible manner from several
hundred million base pairs long to fragment arrays ranging from a few dozen
to a few tens of thousands of bases long. These ranges are far more workable
in the test tube. Moreover, by ‘mixing and matching’ combinations of restric-
tion enzymes used to digest the same DNA sample, one can construct maps
or ‘fingerprints’ of the restriction endonuclease sites in a genome. This strategy
has made restriction endonuclease mapping as useful an approach for charac-
terizing the fine structure of genomes as proteolytic digestion has been to pro-
tein chemists for peptide fingerprinting.. Some restriction endonucleases cut

the DNA so as to leave short single stranded overhanging regions or ‘sticky

ends’ at the 5’ or 3' end of the cutting site, while cleavage by others leaves
blunt or flush double stranded ends (Figure 4). Since many restriction endo-
nucleases sites are palindromes (reading exactly the same in forward direction
(5'—3") on one strand and the ‘backward’ (5'—3") direction on the opposite
5:GAATTC-3'
3:CTTAAG-Y
ticularly useful. If one digests DNA from two different sources, such as a bac-
teriophage DNA preparation and a human genomic DNA preparation, with
a restriction endonuclease leaving overhanging or ‘sticky ends’, those ends will
be complementary by Watson-Crick base pairing and can thus be annealed
together by means of the single stranded overhangs. This is one popular
method for generating recombinant DNA molecules.

), enzymes leaving overhanging ends are par-

strand, (e.g. EcoRl:
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Enzymes useful for modifying DNA

Several other nucleic acid modifying enzymes have been critical to the
development of recombinant DNA technology. Most notable among these are
reverse transcriptase (RNA dependent DNA polymerase) and DNA ligase.
Reverse transcriptase is the enzyme packaged inside retroviruses, which have
an RNA genome. In order for retroviruses to reproduce themselves within
their cellular hosts, their RNA genomes must be transcribed into DNA mole-
cules (RNA—DNA) that can then be replicated (DNA—DNA) and expressed
by host cell machinery (DNA—RNA).

Reverse transcriptase has the very useful property that, if provided with an
appropriate ‘primer’ complementary to a messenger RNA molecule, it can
read the mRNA strand in a 3'=5' direction and transcribe a single stranded
DNA copy (‘copy DNA’, ‘complementary DNA, or cDNA) of the RNA mole-
cule. One can thus incubate reverse transcriptase with messenger RNA iso-
lated from a cell or tissue of interest with reverse transcriptase, and generate
thereby a family of single stranded DNA molecules representing the entire
array of messenger RNA’s expressed in that cell or tissue. Using additional
enzymes that have been characterized and purified, for example E. coli DNA
dependent DNA polymerase 1, (Klenow fragment), one can synthesize a
complementary second strand of DNA (sDNA) from the single stranded
cDNA template. This creates a double stranded DNA molecule containing
the sequence information originally expressed in the form of mRNA. These
DNA molecules can then be manipulated in essentially the same ways that
native genomic DNA molecules can, by restriction endonuclease digestion,
radioactive labelling, or insertion into microbial host vectors for cloning.

DNA ligase is an enzyme that can join two DNA molecules together to
form a single novel DNA molecule. For example, one can join the aforemen-
tioned double stranded cDNA molecules with bacteriophage DNA molecules
by incubating DNA from both sources together in the presence of DNA ligase.
This ability to generate artificially recombined or ‘recombinant’ DNA mole-
cules has given rise to the term recombinant DNA technology. A number of
other enzymes beyond the scope of this review, have also been useful to the
development of recombinant DNA technology.

Microbial genetics and infectious DNA molecules

Enzymes that manipulate DNA would have had limited utility except for the
discovery of certain small DNA molecules that possess remarkable biological
properties. Many bacteria harbour DNA molecules that are not part of the
single major bacterial chromosome. They are small (a few thousand to about
100 thousand bases long), circular, and endowed with sequences serving as
independent origins of DNA replication. They can thus replicate in host cells
independent of the host genome by utilizing cellular DNA replicating
enzymes. These DNA molecules can be thought of as elemental commensal
organisms, residing in the cell and capable of infecting other host bacteria.
They have come to be called extra-chromosomal elements or episomes.



26

The forms of episomes most relevant to this discussion are the plasmid and
bacteriophage. Plasmids useful in recombinant DNA technology usually
carry one or more antibiotic resistance genes, an origin of DNA replication,
and a limited but useful array of restriction endonuclease sites. Molecular
biologists have engineered plasmids with a variety of desirable properties for
customized recombinant DNA applications. Typically, these plasmids are
only 3-10,000 bases long. They usually carry genes for ampicillin or tetra-
cycline resistance, as well as a short DNA sequence, containing several thight-
ly clustered restriction endonuclease sites, called a polylinker. The polylinker
sequence is inserted into any one of several non-critical regions of the plasmid
genome. Cells ‘infected’ with these plasmids can be detected and purified by
their ability to grow in media containing the relevant antibiotic.

The most useful plasmids for recombinant DNA work are those in which
the plasmid or its polylinker include several restriction endonuclease sites that
occur only once in the plasmid genome. Digestion of a circular molecule with
an enzyme that makes only a single cut in the circle will cause opening or
linearization of the circle while leaving all of the biologically critical sequences
intact. One can then insert a DNA molecule into the opening, reseal the circle
with DNA ligase and thereby generate a recombinant DNA molecule retain-
ing the biological activities of the parent plasmid.

Bacteriophages are viruses capable of infecting specific strains of bacteria.
Their genomes are somewhat larger than plasmids and the DNA is covered
during the extracellular part of the viral life span by a proteinaceous coat.
However, bacterial genomes relevant to this discussion can also exist in the
cell as episomes. The most useful bacteriophages for molecular genetics expe-
riments have been bacteriophage A, which can be used as a gene cloning
vehicle, and the single stranded bacteriophage M13, which has proved to be
useful for DNA sequencing applications. By analogy with plasmid genomes,
bacteriophage genomes have been engineered to provide a number of useful
DNA vectors.

The essential aspect of bacteriophages and plasmids important for this dis-
cussion is that they are biologically active even when they exist as simple free-
standing DNA molecules. By combining the ability to recombine episomal
DNA with DNA from mammalian sources (via restriction enzymes and
ligase), with the capacity of the episomes for infection and phenotypic altera-
tion of host cells, one can use these molecules to introduce ‘foreign’ DNA into
host bacteria. Then, all of the useful properties of the vast array of microbial
strains available become accessible for the study of genes from other species.
Individual strains of bacteria can be readily isolated as single cell clones,
grown in extremely large quantities for relatively little expense, and used as
‘factories’ for the production both of the foreign DNA ‘passenger’ and its
protein products.
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Advances in nucleic acid chemistry
1. Synthetic oligonucleotides

During the past two decades, anhydrous methods for the synthesis of DNA
molecules in vitro have been developed and automated. This has provided a
capacity to synthesize short but useful DNA molecules even without the avail-
ability of a template or a DNA modifying enzyme. For example, the poly-
linker sequences used to introduce restriction endonuclease sites into plasmids
can now be readily synthesized by machine and ligated into a plasmid in
order to alter its restriction endonuclease map. Synthetic oligonucleotides can
also be radiolabelled and used as customized molecular hybridization probes.

2. Molecular hybridization assays

The tendency of DNA and RNA molecules to prefer existence in double
stranded forms in physiologic solution has been exploited by nucleic acid
chemists for the development of ‘molecular hybridization’ assays. If DNA or
RNA molecules are heated or exposed to certain denaturants, such as forma-
mide, the hydrogen bonds holding two strands together are disrupted and the
molecule is denatured into single stranded form. Temperature, salt and de-
naturing conditions that favour reannealing into the double stranded form
can then be restored. This reannealing process is often called molecular
hybridization: reannealing under a given set of conditions of temperature,
salt, and denaturant is a function of the time of incubation and the concentra-
tions of the two complementary strands.

When DNA and RNA strands are denatured into single stranded form,
they will reanneal only with strands having a sequence complementary by the
rules of Watson-Crick base pairing. Thus, one can denature a specimen of
DNA or RNA (for example, messenger RNA from a human reticulocyte) and
incubate it with a radioactively labelled, defined DNA or RNA sequence, for
example, a cloned human (-globin gene. During the reannealing reaction,
the labelled $-globin gene DNA probe will hybridize only to those mRNA
molecules that are complementary by Watson-Crick base pairing, i.e., globin
messenger RNA molecules. One can then utilize any one of several available
techniques to recognize or separate the fraction of radioactively labelled DNA
‘probe’ molecules that have been bound into double stranded from form the
unbound or unreacted single stranded molecules. For example, the enzyme
S, nuclease degrades single stranded DNA molecules, leaving only the
double stranded ‘hybridized’ molecules intact. The result is a convenient
assay for detecting and quantitating the globin messenger RNA within the
reticulocyte mRNA preparation. By extension of this reasoning, one can use
molecular hybridization strategies to detect, quantitate, and map DNA
sequences or RNA sequences derived from any tissue or source for which a
complementary defined DNA probe is available.

Numerous variations of the basic molecular hybridization have been devised
for a wide variety of applications, as will be apparent from the chapters in
this volume. Detailed discussion is beyond the scope of this introduction.
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However, the range of applications, theoretical rationale, and utility of most
of these assays can be appreciated by their analogy to the use of antigen/anti-
body reactions in immunochemistry. The DNA probe serves the molecular
geneticist in much the same way as a defined antibody probe serves the
immunologist. The principles underlying the various molecular hybridization
techniques used are very similar to those devised for using antibody probes
to quantitate and detect defined antigens.

3. DNA and RNA blotting

Blot hybridization is a technique which permits the identification and charac-
terization of a specific DNA or RNA species within a complex mixture of
DNA or RNA fragments. Introduced in 1975 by E.M. Southern as a DNA
analysis method, this general approach has been used extensively to map the
coding and flanking regions of genes for which probes are available. Mapping
by ‘Southern’ blotting has revealed polymorphisms in restriction sites within
and adjacent to all genes studied so far; these polymorphic restriction sites
have provided a new means for performing linkage analysis in the diagnosis
of inherited disorders. Southern blotting has also been used to establish the
absence of genes (e.g. in those thalassemias which are due to globin gene dele-
tions), and for measurement of gene copy number.

Figure 5. The Southern technique of blotting.
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The ‘Southern’ technique is illustrated in Figure 5. First, total genomic
DNA is extracted from the cells to be studied and digested with a restriction
enzyme. The resulting mixture of fragments is separated by gel electro-
phoresis; due to the large number of fragments (in the range of one million
for a human genome) generated by most endonucleases, the gel appears as
a continuous ‘smear’ rather than as a series of discrete bands. After in situ
denaturation of the fragments by incubation of the gel in alkali, transfer of
the DNA fragments to a nitrocellulose filter is accomplised by diffusion (thus,
the term ‘blotting’). The nitrocellulose filter is incubated in buffer containing
a cloned radiolabelled DNA probe for the gene of interest. The probe hybrid-
izes only to the complementary DNA sequences on the filter; excess probe is
then removed by washing. The bands indentified by autoradiography re-
present the fragment size(s) generated by that enzyme. Restriction mapping
of the gene by blotting can then be achieved by comparing fragment sizes ob-
tained with a variety of enzymes.

By means of simple modifications, blot hybridization has been adapted for
analysis of RNA and proteins as well. ‘Northern’ blotting permits the identifi-
cation of a specific mRNA species; in this procedure, a mixture of the cell’s
RNA (rather than DNA) is run on a gel and transferred to nitrocellulose.
A DNA probe is used to identify the band of interest; hybridization condi-
tions are controlled to favour formation of .pa DNA-RNA hybrids. In
‘Western’ blotting, proteins are run on the gel and transferred to a solid matrix;
the probe used in this case is a labelled antibody.

Coalescence of methodologies to produce and isolate recombinant DNA
molecules

Advances in each of the areas just noted have been brought together for the
purpose of physically isolating genes from complex genomes, such as a mam-
malian genome. DNA is isolated from, for example, a human lymphocyte
and digested with restriction endonucleases to generate overhanging ‘sticky
ends’. (Alternatively, if one wishes to isolate only those DNA sequences en-
coding the specific array of genes expressed in a given tissue, one first isolates
messenger RNA and converts it into cDNA by incubation with reverse trans-
criptase as a first step.) An infectious plasmid or bacteriophage DNA mole-
cule is cut with the same restriction enzyme so that molecules from the two
sources have complementary ‘sticky’ ends. The DNA’s from the two sources
are incubated together in the presence of DNA ligase under conditions that
allow each plasmid or bacteriophage DNA molecule to ligate to only one
lymphocyte DNA molecule. The recombinant DNA molecules are then
‘sealed’” with DNA ligase, so that each is now an infectious DNA species
carrying a single DNA fragment from the lymphocyte as a ‘passenger’.
The DNA molecules are then used to infect an excess number of host
bacterial cells so that each cell acquires only a single recombinant DNA
molecule. The host cells lack a property conferred by the infecting molecule,
such as antibiotic resistance. The infected bacteria are then ‘plated’ on petri
plates at a density allowing detection of individual colonies or bacteriophage
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plaques. Each colony or plaque represents the progeny of a single cell, and
is thus a ‘clone’ of cells or phage carrying a single DNA fragment from the
lymphocyte. Therefore, that DNA fragment, or gene, has been genetically
isolated in its host cell from all other lymphocyte DNA fragments by the
cloning process.

What remains is the need to identify the DNA fragment representing the
specific gene one whishes to purify. One must locate within the array of
plaques or colonies, called a recombinant DNA ‘library’, those cells or phages
carrying the DNA sequence of interest. Numerous devices have been devel-
oped for screening these libraries for the presence of the occasional clone
bearing the gene of interest. Different approaches are suitable depending on
what information is available about the particular gene or its protein product.
Discussion of these detailed area is beyond the scope of this review.

Once one has identified the colony or bacteriophage plaque containing the
recombinant molecule of interest, that colony or plaque can be separated
from the remainder of the library and harvested by growing in bacterial cul-
ture. In this manner, one can produce substantial quantities of recombinant
DNA molecules from the cloned host cell. With respect to other DNA mole-
cules derived from the lymphocyte, the recombinant DNA ‘cloned’ gene will
be absolutely pure. The purified gene can then be used as hybridization
probe, as the substrate for obtaining its DNA sequence, or as a template for
controlled expression and production of its mRNA and protein products.

The elegance of recombinant DNA technology resides in the capacity it
confers upon investigators to examine each gene as a discrete physical entity
that can be purified, reduced to its basic building blocks for decoding of its
primary structure, analyzed for its patterns of expression, and perturbed by
alterations in sequence or molecular environment so that the effects of
changes in each fine structural region of the gene can be assessed. Moreover,
techniques have been developed whereby the purified genes can be deliberate-
ly modified or mutated to create novel genes not available in nature. These
provide the potential to generate useful new biological entities, such as
modified viruses that can serve as vaccines, modified proteins customized for
specific therapeutic or industrial purposes, or altered combinations of regu-
latory and structural genes that allow for the assumption of new functions by
specific gene systems. For example, it is now theoretically possible to utilize
bone marrow cells (which can be readily removed from an individual, and
later transplanted back into that individual or a compatible patient) as vehicles
for gene therapy. It is theoretically possible to insert a gene for an important
serum protein, such as a clotting factor, into the explanted cells than to and
reimplant the bone marrow cells into the patient. The genetically engineered
bone marrow cells will then serve as surrogate sources of a protein for which
a patient may be deficient, even if the ‘natural’ cellular production of that
protein in some other less accessible tissue, such as endothelial cells.

The specific ways by which purified genes greatly strengthen the arsenal
used by molecular biologists to attack the mysteries of gene regulation can be
summarized as follows:

First, the abundant and pure DNA fragments made available by molecular
purification of a gene provide the characterized DNA sequences needed for
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use as hybridization probes in molecular hybridization assays. Thus, a
purified gene is the source of molecular hybridization probes needed for the
Northern or Southern blotting assays mentioned earlier.

Second, cloned genes allow one to accumulate sufficient amounts of a pure
homogenous DNA sequence for determination of the exact nucleotide
sequence of the gene. DNA sequencing techniques have become so reliable
and efficient that it is often far easier to clone a gene encoding a protein of
interest and determine its DNA sequence than it is to purify the protein and
determine its amino acid sequence. As noted earlier, the DNA sequence of
the gene will predict exactly what the amino acid sequence of the protein
must be, since that amino acid sequence is encoded in the gene DNA.

By comparing normal gene sequences with the sequences of genes cloned
from patients known to have abnormalities of a specific gene system, such as
the globin genes in the thalassemia or sickle cell syndromes, one can compare
the normal and pathologic ‘anatomy’ of genes critical to major hematologic
processes. In this manner it has been possible to identify over 100 mutations
responsible for various forms of thalassemia, hemophilia, red cell enzymo-
pathies, porphyrias, etc.

Third, each purified cloned gene can be further manipulated by extension
of the same types of ‘cutting and pasting’ techniques just described for studies
of gene expression. Just as plasmid and bacteriophage vectors have been
developed for the transfer of genes into microbial host cells, a variety of means
for transfer of genes into eukaryotic cells have been devised. By judicious and
adept application of these gene transfer technologies, one can place the gene
into a controlled cellular environment and analyze its expression. These
‘surrogate’ or ‘reverse’ genetics systems permit one to analyze the normal
physiology of expression of a particular gene, as well as the pathophysiology
of abnormal gene expression resulting from mutations.

Fourth, detailed knowledge about the structure and expression of cloned
genes greatly strengthens the opportunities investigators have to examine their
protein products. By expressing the cloned genes in large amounts in
micro-organisms or eukaryotic cells, one can produce proteins for use as
immunogens, thereby allowing preparation of a variety of useful and powerful
antibody probes for direct study of the protein products. Alternatively, one
can prepare synthetic peptides deduced from the DNA sequence for use as
immunogens. Controlled production of large amounts of the protein also
allows one to conduct direct analysis of specific functions attributable to
domains within that protein.

Finally, all of the above techniques can be extended greatly by taking
advantage of methods available for mutating the genes and examining the
effects of those mutations on the regulated expression of the genes and the
properties of mRNA and proteins encoded by them. By ‘swapping in’ por-
tions of one gene within another (chimeric genes), or abutting structural
regions of one gene with regulatory sequences of another, one can investigate
in previously inconceivable ways the complexities of gene regulation. These
‘activist’ approaches to modifying gene expression create the opportunity to
generate new RNA and protein products of genes whose applications are
limited only by the collective imagination of molecular biologists.
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The most important impact of the genetic approach to the analysis of bio-
logical phenomena is presently the most indirect. Diligent and repeated appli-
cation of the above algorithm to the study of many genes from diverse groups
of organisms is beginning to reveal the basic strategies used by nature for the
regulation of cell and tissue behaviour. As our knowledge of these ‘rules of
regulation’ grows, our ability to understand, detect, and correct pathologic
phenomena will increase massively. Similarly, our capacity to use biological
strategies for production of useful substances is currently limited largely by
our limited knowledge of the factors that constrain genes from maximal
expression in various cell types. As our knowledge of these natural rules
improves, so too will our opportunities to engineer useful biologicals.
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MOLECULAR GENETIC ANALYSIS OF HLA CLASS II
POLYMORPHISM*

S.L. Holbeck, G.T. Nepom

HLA class II genes (termed DR, DQ, DO and DP) encode proteins which
are important in generation of the immune response. These proteins are hete-
rodimers, composed of an alpha and a beta chain. Each individual has at least
7 beta genes and 6 alpha genes (some of which are non-functional) clustered
together on chromosome 6 (Fig. 1). These genes are highly related to one
another. Most of these HLA class II genes are polymorphic, having multiple
allelic forms. Thus the number of genes and the large number of alleles make
this a complex system to study and provides a good example of the power of
molecular genetic techniques.

Numerous studies have shown that certain HLA class II alleles are associa-
ted with increased risk of developing diseases believed to have an immune
component. Our laboratory is particularly interested in two such diseases,
rheumatoid arthritis (RA) and insulin dependent diabetis mellitus (IDDM)
which have both been associated with HLA-DR4. DR4 is a specificity associ-
ated with the DR genes, but since DR genes are linked to other HLA class
IT genes this disease risk could also be due to any of these linked genes. We
have approached this problem by asking the following questions. Can we
identify DNA polymorphisms within DR4 individuals? If so, is there a subset
of DR#¢ associated polymorphisms which gives a greater correlation with dis-
ease? Does the same subset of DR4 associated genes give increased risk for
RA and IDDM? In this paper we review the results of our studies addressing
these questions.

HLA CLASS II REGION
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Figure 1. Map of the HLA class II region on chromosome six. Genes believed to
be pseudogenes are indicated by a y. Protein products have been detected for the
remaining genes.

* This work was supported by grants IM-450 from the American Cancer Society and
AR37296 from the National Institutes of Health.
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Figure 2. Schematic diagram of the Southern blotting procedure. DNA from person
#1 and person #2 is cut with a restriction enzyme which cleaves at the arrows. The
DNA of person #2 lacks one of these restriction endonuclease sites and thus gives frag-
ment ‘F’ rather than the fragments ‘A’ and ‘E’ which person #1 produces. Fragments
are separated and transferred to nitrocellulose as described in the text. When the blot
is hybridized with probe ‘B’, indicated by the stippled box, DNA of both person #1
and person #2 display band ‘B’ If an identical blot is hybridized with probe ‘A,
indicated by the slashed box, different bands are seen, demonstrating that the DNA
of person #1 and person #2 differ in this region of the chromosome.
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Molecular biology provides powerful tools to analyze a complex system
such as HLA class II genes. Using Southern blots [1] one can determine how
related different genes or alleles are. In this technique, illustrated in Figure 2,
DNA is isolated from cells (PBLs are a convenient source). The DNA is cut
into fragments with a restriction endonuclease. These enzymes recognize and
cleave DNA at a particular sequence. For example, the enzyme Eco RI has
the recognition sequence 5'GAATTC 3" The fragments produced by this
digestion are separated based on their size by agarose gel electrophoresis. The
gel is soaked in alkali to denature the DNA, neutralized, and the DNA trans-
ferred to a nitrocellulose or nylon membrane. The immobilized DNA is
hybridized with a cloned DNA probe specific for the gene of interest, then
the blot is washed to remove non-specifically bound probe. The probe DNA
is radiolabelled, so that upon exposure of the membrane to X-ray film frag-
ments of DNA containing the gene of interest are visualized as dark bands.
Thus one can detect a single gene over the background of the entire genome.
If a particular gene from two individuals is very similar in sequence they are
likely to produce identical Southern blot patterns. This is the case when DNA
from different DR4 individuals is digested and hybridized with probes
specific for DR beta genes [2]. Previous analysis of DR beta proteins [3,4]
had shown that there were at least five variants of DR4. Since they all give
identical Southern blot patterns these variants must be closely related. To
reveal the fine structure differences between these DR4 variants Gregerson et
al [5] sequenced DR beta cDNAs from these variants. This analysis showed
that the DR4 variants differ from one another only by several nucleotides,
and are closely related alleles. With this sequence data we designed allele
specific oligonucleotide probes spanning the region where these alleles differ.
These oligonucleotide probes are small (about 20 nucleotides long) and are
single stranded. These probes can be used in Southern blots, with minor
modifications to the protocol. Such oligonucleotides will hybridize only to an
allele which is identical in sequence to the oligonucleotide and not to an allele
which differs by a singel base pair. Using such allele specific probes we have
determined the relative frequency of the DR4 associated DR beta alleles in
RA and normal populations [6]. We find that two of these alleles, Dw4 and
Dwl14, are more prevalent in RA patients. Thus only a subset of DR4 indi-
viduals are at increased risk of developing RA.

We have applied similar analysis to the DQ) beta genes among DR 4 indivi-
duals. Since DQ beta is very near DR beta on the chromosome these genes
tend to be co-inherited. Thus most individuals who are DR4 are also DQw3.
When we look for DQw3 variants by Southern blot we find two variants
which we have termed DQB3.1 and DQg3.2 [7]. These can be distinguished
by Southern blots using many different restriction endonucleases [8]. This
indicates that these alleles are quite different from one another. DNA sequence
analysis of the genes [9,10, our unpublished observations] reveals that DQ33.1
and DQ33.2 differ substantially in both coding and non-coding regions. We
have analyzed the DQ beta alleles present in DR4 IDDM patients by Southern
blot [11]. All patients tested had the DQg33.2 allele. Thus only a subset of DR4
individuals, those with the DQ33.2 allele, are at increased risk of developing
IDDM.
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Table 1 summarizes the DR4 haplotypes (DQ beta and DR beta alleles on
the same chromosome) we have identified. Some haplotypes carry increased
risk for both RA and IDDM, some for only RA or only IDDM, and some
of these haplotypes are not associated with risk for either of these diseases.
The ability to more precisely define the HLA genes responsible for associa-
tion with disease allows one to more accurately identify those at risk.

Table 1. HLA-DR4 associated haplotypes have
different disease risks.

At risk for:
DQ beta allele DR beta allele RA IDDM
DQB3.2 Dw4 + +
DQB3.1 Dw4 + -
DQB3.2 Dwi4 + +
DQB3.2 Dwl10 - +
DQp3.2 Dwi3 - +
DQg3.1 Dwi3 - -
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BIOENGINEERING IN BLOOD TRANSFUSION MEDICINE

G. Jacquin

For a relevant overview of the actual and future applications of ‘bioengineer-
ing’ in blood transfusion medicine, it is necessary to clearly separate between
the field of diagnosis and the therapeutic area. In the first field laboratory
applications such as blood group serology, HLA typing, diagnosis of viral
diseases, advances in gene research, in cellular engineering and molecular
biology have been very rapidly followed by technical, commercial and finally
industrial applications. The very short period between the birth of the
‘emerging biotechnologies’ in the 1980’s and these results is due to economical
reasons and the relatively easy feasibility for the registration of these new
reagents. In the field of therapeutic products, it often takes a long time
between the cloning of the desired protein and the distribution of the new
recombinant drug, which often tends to be the only replacement of the
plasma protein. In spite of their drawbacks (purity, low yields) and the disea-
ses which have been transmitted over recent years by conventionally produced
clotting factors, it seems possible in the very near future to achieve tremendous
advances in the preparation and the purification of many plasma proteins.
They therefore will be available in larger amounts at lower prices, even if for
some reason the blood and plasma collection all around the world remains
at its actual level. Regarding safety, purity, availability, price and therapeutic
efficacy, the comparison between the recombinant DNA produced proteins,
or the monoclonal antibodies and the proteins extracted from human plasma
can be expected more and more difficult, because the most efficient and
elegant methods achieved with the tools of the ‘new biotechnologies’ can be
successfully applied in some key areas of the fractionation industry, especially
the use of monoclonal antibodies for the purification and the characterization
of the most important proteins.

Monoclonal antibodies: State of the art and perspective in immuno-
hematology

Blood group serology has been the first field of applications which was touch-
ed by the revolutionary discovery in 1975 by Kohler and Milstein [1]. The first
monoclonal antibodies to red cell antigens appeared before the 1980’s. The
CNTS in Paris proposed in 1981 a panel of MoAbs anti-A, anti-B and anti-
A+B which was composed for each specificity of three different clones, in
order to get the best avidity and specificity, as compared with the excellent
polyclonal antibodies available in this area. Between 1981 and 1988, the
replacement of the human or animal polyclonal antibodies has not been as
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important and rapid as was predicted in the beginning of this decade. Several

answers can be proposed:

- a long history with polyclonal antibodies, in an area where the new
products must be more reliable and more specific than the conventional
reagents;

— the immunological ‘repertoire’ of the mouse is limited; however, follow-
ing the first results, especially in the ABO system, the technology of
murine monoclonal antibodies did not permit the discovery of many
specificities: The use and the development of human monoclonal anti-
bodies was necessary;

— trends for the future are particularly focused in blood group serology in
the development of automated procedures. These new methods do not
demand large volumes of reagents: The need for large amounts of mono-
clonal antibodies, which was an industrial advantage, therefore, becomes
less and less strategic.

It remains that monoclonal antibodies offer many important advantages from

a technical, ethical and industrial point of view:

~ specificity can be precisely characterized and biochemically defined;

- reproducibility in the results can be granted;

~ culture in large amounts in industrial equipment is possible;

- immunization or boosting of blood donors can be stopped, which is a
very significant progress.

Table 1 shows the available panel of MoAbs (murine and human) as present-
ed in the recent ‘Symposium on Monoclonal Antibodies Against Human Red
Blood Cell and Related Antigens’ held in Paris, September 23,24, 1987 [2]
Step by step, specificity by specificity, progress in this field is achieved. Never-
theless, in spite of the efforts of many teams involved in this area, it is likely
it will take still many years before total replacement of the polyclonal anti-

Table 1. Workshop in Paris, september 1987, Survey of
the monoclonal antibodies available for blood typing.

ABO Anti-A 29 Anti-A, 3
Anti-B 26 Anti-M 8
Anti-A+B 1

Rhesus Anti-D 23 Enti-E 4
Anti-D+C 2 Anti-e 4
Anti-c 1

KELL Anti-Kell 1

M, N Anti-M 5
Anti-N 8

Others Anti-Cyd 3
Anti-Lea 3
Anti-Leb 2
Anti-P, 2
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bodies from immunized donors by monoclonal antibodies of good stability, of
good specificity against weak antigens and capable to be used in automatic
equipments, will be achieved.

Diagnosis of infectious diseases: Trends and perspectives

Advances in molecular biology and improvements in equipment (synthesizers,
sequencers, etc.) have led to a preindustrial and, in some cases, to an indus-
trial feasibility for the synthesis of peptides of which the sequence is well
characterized. Not only small peptides but increasingly larger ones as well.
Closely related to the progress of cellular engineering and the development
of viral cultures, the possibilities for diagnosing infectious diseases, a highly
critical aspect of blood transfusion all around the world, has been deeply and
very quickly changed in the recent three years. HIV-1 (and HIV-2), HTLV-I,
HBV and NANB hepatitis virus are the most important viruses which can
be transmitted by blood products. The screening and the safety of these
products must be insured with reliable, rapid and low cost techniques.

HIV-1 and HIV-2: Screening for antibodies

Since 1983, the screening of each donation for anti-HIV-1 is applied in the
Blood Transfusion Organisations. Antibodies are not direct markers of the in-
fection. The weakness of this strategy is well recognized, due to the absence
of immune detectable response of the recipient during the first weeks of the
viral infection, the so-called ‘window phase’. Due to the significant remaining
level of false positive results, this rapid screening (achieved with ELISA tech-
niques) must be followed by confirmations obtained with Western blotting
techniques. In order to improve the sensitivity, the rapidity and the specificity
of these ‘first generation’ methods, the viral material obtained by purification
of viral cultures and coupled to the solid phase of the kit was replaced by syn-
thetic peptides. The cumbersome steps of the culture, the isolation, the inac-
tivation and finally the purification of the virus are replaced by elegant proce-
dures which lead to the production of well known, fully characterized and
perfectly constant peptides. These peptides are used in ‘second generation’
tests, which probably will permit to avoid the use of the laborious confirma-
tion techniques.

HIV-1 and HIV-2: Screening for antigens

The screening is not yet available at an industrial scale. To further insure the
safety of the blood supply and to allow early treatment of patients suspected
from HIV infection (i.e. babies born from HIV positive mothers), HIV anti-
gen screening could be very useful. Traditional techniques, using ‘sand-
wiches’ composed of polyclonal and/or murine monoclonal antibodies, must
be replaced in the very near future by more sophisticated methods, based on
the use of molecular hybridization and specific amplifications. Actually, these
techniques are difficult, very often using isotope labelled probes and sofar
only convenient for research purposes or clinical follow-up. With a panel of
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emerging new technologies (PCR amplification for example) it is likely that
the progress in this area will be very rapid and will permit before 1990 the
use of reliable and cheep methods for HIV antigen screening.

HBV: A mature screening

Hepatitis B antigen was isolated in the 1970’s, and the screening of the HBV
antigen is routinely used since many years. Monoclonal antibodies (murine
for the great majority of the reagents used in this area) have replaced poly-
clonal antibodies since 1980-1982, and actual trends in this technology are
focused on new markers which could have clinical or practical applications:
— HBe: Antibody and antigen;

—  Pre S2 antibodies;

- screening for HBc: Antibody and antigen.

Hepatitis NANB

A causative agent (or agents) has yet to be identified. This identification, and
the subsequent isolation of antigen/antibody involved in the transfusion trans-
mitted NANB hepatitis, were searched unsuccessfully over the last 15 years.
The immunological response seems to be weak. The clinical follow-up of reci-
pients infected by blood products is difficult and demands in general long

term studies. Nevertheless, it appears that this problem could be solved as a

result of the simultaneous progress in different fields, which must be

integrated:

- organization of epidemiological follow-up on a large number of recipients
for a long term (2 or 3 years), transfused with red blood cell concentrates
in large quantities;

— progress in hepatocyte cultures, in order to set up new methods of
characterization of the causative agent(s) on these cells;

- progress in molecular biology, which could use viral cultures or biolog-
icals to build the cloning and the sequencing of the suspected virus;

- use of the method of characterization in hepatic cells to obtain mono-
clonal antibodies.

ALT screening and use of anti-HBc will be introduced in many countries in

the next few years, in spite of the non specific character of these surrogate test

techniques. A specific screening for NANB is in fact the most important need

for the blood transfusion practice in the 1990’s.

HTLV-I: A rapid extension?

This retrovirus seems to be present in many countries, particularly in Japan,
the Far East and America. For these countries the screening for this antigen
in each blood donation appears to be an ethical and medical necessity. How-
ever, this is not the case in Europe. Technical developments for these tests will
probably follow the example of HIV-1 and kits based on the same technologies
are already available.
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Monoclonal antibodies: What is the future for their use in human
therapy?

Murine monoclonal antibodies

These have been used since the early 1980’s for therapy of various human B
and T-cell lymphomas, leukemias, tumours and to treat graft rejections. Table
2 presents a recent survey of human clinical trials achieved with murine mo-
noclonal antibodies (from Larrick and Bourla [3], 1986).
These trials have shown:
- murine MoAbs can be administered safely, due to the efficacy and the
safety of the purifications employed;
— injected antibodies remain in circulation for a long period of time;
— in spite of immunosuppressive pretreatment of the patients, a human
antimouse response has been reported.

The immunological response is a very important drawback of the agents, and a
severe limiting factor for their use in repeated infusions. The use of immuno-
suppressive treatment is sometimes proposed and encouraged, but this has
too many side effects to be a good alternative. A better alternative is the use
of human/human monoclonal antibodies, or mouse/human antibodies, which
were developed in the end of the 1970’s.

Human monoclonal antibodies

The first human cell line secreting specific antibodies was described in 1977.
During ten years, the development of the human monoclonal antibody tech-
nology has been a slow and often laborious excercise. Nevertheless, in spite
of the many problems encountered, to date much work is done, supported by
the belief that this technology could result in:

- improved diagnostics;

— therapeutics;

- a better knowledge of the immune system.

Table 3 presents the basic steps in the production of human monoclonal an-

tibodies (from Keith James and Graham Thomas Bell [4]).

Table 2. Human trials with murine MoAbs.

Melanoma 3 trials Antimouse antibodies

Chronic lymphocytic leukemia 4 trials  3/10 toxicity, no antimouse antibodies
(CLL)

Gastrointestinal 1 trial Immune response

Cutaneous T-cell lymphoma 3 trials Antimouse antibodies

(CTCL)

Adult T-cell leukemia 1 trial  Antimouse antibodies

Kidney transplant rejection 4 trials Antimouse antibodies
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The most critical points to consider in this technology appear to be the
following:
Lymphocyte enrichment — Although it is apparent that the peripheral blood is
not the best source of lymphocytes for human MoAbs, for practical and ethical
considerations 1t will continue to be the main source in the future.
Lymphocyte activation — In vivo immunizations are difficult. In vitro immuniza-
tion must be developed and optimized to circumvent this problem. Unfor-
tunately, this step is very difficult too to achieve and not so easily realized as
with murine lymphocytes.
Lymphocyte immortalization — Kohler and Milstein’s technique [1] consists of a
fusion of specific murine lymphocytes with a myeloma cell line. Since then
fusion has remained the most popular immortalization strategy. The situation
is quite different for human MoAbs. Due to the difficulty of the immortaliza-
tion, many partners have been used but none has come to dominate. Several
phenotypes are used currently:
- myelomas - very rare;
- lymphoblastoid cell lines derived from an EBV transformation;
- heteromyelomas;
— human partners have been tried.

Table 3. Basic steps in the production of human monoclonal antibodies.

DONNOR LYMPHOID TISSUE

-
LYMPHOCYTE ‘
ENRICHMENT
LYMPHOCYTE RIDH
/ PREPARATSON \
AET-SRBC ANTIGEN 1G POSITIVE T SUPPRESSOR
ROSETTING PANNING CELL PANNING  DEPLETION
APPROPRIATE LYMPHOCYTES
LYMPHOCYTE l
ACTIVATION
IN VITRO IMMUNISATION
(ANTIGENE AND/OR MITOGEN)
l— TRANSFORMATION ~—~——————————% FUSION
LYMPHOCYTE
IMMORTALISATION
—
l— CLONE
LYMPHOCYTE i
CLONING RECLONE

y

STABLE CELL
LINE
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The future: Trends and perspectives for therapeutics

The next several years will see an increasing number of clinical studies using
rodent or human MoAbs. The need for these MoAbs will be accelerated by
an increasing concern with viral — known or suspected — contaminations
from plasma proteins and the decreasing availability of immunized donors.
In order to use the good specificity of murine MoAbs (easily obtained) and
to avoid the immunogenicity of these cell lines, it seems very attractive to
obtain ‘humanized’ monoclonal antibodies: The feasibility of generating
chimeric murine/human antibodies has been demonstrated. These tech-
nologies must employ the most recent advances of molecular biology and
fundamental immunology: Cloning, sequencing and expression of immune
globulins are possible, and isolation and characterization in murine mono-
clonal antibodies of variable and specific regions involved in the efficacy and
the specificity of the clones will lead to the construction of future therapeutic
tools; more active and more specific, and less immunogenic.

Blood derivatives and genetic engineering: Replacement or competition?

It is obvious that recent years have seen tremendous advances in gene-
technology research and in the development of genetic engineered human
plasma proteins. Between 1978 and 1985 the most important proteins ident-
ified in the human plasma have been cloned and expressed in various
systems. On the other hand, in spite of repeated announcements, there is still
in 1987 no plasma protein being produced on a large scale using genetic
engineering. (The most advanced plasma protein is recombinant Factor VIII,
which has been infused in two patients in the USA, as reported in these pro-

ceedings [5,6]).
What are the reasons?

— Practically without exception, plasma proteins have a high molecular
weight (50,000 to 1,000,000).

—  With the exception of albumin and a few other proteins, all human
plasma proteins known sofar are glycosylated more or less in various ways
(26 sites for example for Factor VIII!). If these carbohydrates and glyco-
proteins are split off, the biological activity often disappears, half life can
be strongly shortened, and the degradation by proteinases can be highly
accelerated.

- For this reason, post-translational modifications are necessary. Mamma-
lian cell lines are practically the only system available today for producing
these biologicals, whereas yeasts can provide a limited specific glycosyla-
tion, and E. Col: no modification at all.

Mammalian cell lines offer many industrial and pharmaceutical difficulties

— A very limited panel of cells is available, well known and accepted by the
authorities.
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- Yields are low, compared with E. Coli and yeast.

- Scaling-up is difficult, and culture in suspension not easily achieved.

— Plasma proteins are often very unstable and can be easily inactivated by
proteases, which are always released when mammalian cells die. They
must be specifically protected.

— Foreign proteins and contaminants (of the medium or the cell itself) must
be drastically removed during the purification.

What challenge for the purification?

The requirements for the purity of genetically engineered plasma proteins
will be very strong. The usual treatments are very often infusions of large
quantities of proteins over long periods of time (a life time for hemophiliacs).
Table 4 represents two examples, which do summarize the problem
(Schwick/Biofutur, 1986 [7]).

If these ‘foreign’ proteins or contaminants are heterologous or undesirable,
these requirements could be very difficult to be met. Viral validation must
be added, in order to demonstrate the absence of viral particles in the final
vial, if the chosen cell presents some risks related to viruses. The levels
presented in Table 4, obtained with preprations of high purity (99,9%) could
nevertheless lead to sensitization, and thus to side reactions. This problem is
particularly acute for albumin, used actually in very large amounts (260 tons
per year all around the world). Traditional methods must be employed in the
first steps of the purification of the supernatants, and large scale chromato-
graphic procedures (without using affinity chromatography) could lead to a
success in this development, if some conditions are fulfilled:
~ low cost of the medium (possible with yeast and E. Colz);
simplicity of the medium (absence of foreign proteins);
easy purification;
problems of pyrogens avoided (difficult with E. Coli);
low cost (overall).

These problems could be solved in 1990-1995, and it actually seems that an
English company - Delta Biotechnology -, a subsidiary of the Bass Breweries
is the leader in this competition which is focused on two key points:

~ price/compared with human serum albumin;

— purity/related to the contaminants.

Table 4. Purity of recombinant proteins.

Dosis patient  Purity  ‘Foreign’ protein

Albumin 25 g 99,90% 25 mg
100 g 99,99% 10 mg

Antihemophilic 500 ug daily 99,90% 500 ng daily

Factor VIII

Acute treatment
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The situation for Factor VIII is different:

- from an industrial point of view: 2 to 3 kg of pure protein are necessary
for the needs of the hemophiliacs, (compared with 260 tons for albumin);

- from a technological point of view: The expression of Factor VIII (2332
amino acids, 26 sites for glycosylation, high sensitivity to proteases) in
mammalian cells is actually achieved; however, the yields remain low, if
the entire molecule has to be expressed.

Simultaneously, monoclonal antibodies against Factor VIII and von Wille-
brand factor have been used in a first step for the complete characterization
of the protein (‘mapping’ of the epitopes) and have led to a better understand-
ing and knowledge of the behaviour of this complex protein (mechanisms for
the activation of Factor VIII can be proposed now).

In 1981, monoclonal antibodies began to be used in affinity chromato-
graphy, and these immunoaffinity procedures are now ready to be used on
a large scale for the purification of plasma Factor VIII. The purity of these
plasma products is very high and could be very useful in the treatment of
seropositive hemophiliacs, who present very often immunological disorders.

The outcome of the competition between these plasma ultrapure products
and the future recombinant proteins remains very uncertain. It could take
many years more before the total replacement by bioengineered material of
the two current leader plasma proteins Factor VIII and albumin, will be
achieved.

As a conclusion, it seems very likely to foresee in the next decade the
following events, which could lead to a gentle transition from the 20th century
Blood Transfusion to the Blood Transfusion era of the 21st century:

1. Partial decrease of the use of red blood cells, and replacement in certain

applications by new products (recombinant Epo, polymerized or recom-

binant hemoglobin, chemicals...).

Development of the large scale culture of stem cells.

3. Distribution on a large scale of recombinant Factor VIII which will com-
pete with improved ultrapure plasma Factor VIII (1990/1992).

4. Distribution on a large scale of recombinant albumin, at low cost, which
could be competitive with a plasma albumin, of which the price could
increase due to the presence of recombinant Factor VIII (1992/1995).

5. Increase of the use of intravenous immunoglobulins, which cannot be
produced by genetic engineering.

6. Other plasma proteins will be replaced step by step, if research and
development expanses can be justified by new or increasing therapeutic
needs.

N
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DISCUSSION

L.R. Overby, C.Th. Smit Sibinga

T.J]. Hamblin (Bournemouth): 1 wonder if I could just make some comments
about the therapeutic use of monoclonal antibodies, which Dr Jacquin referred
to in his last presentation, because I think what has been surprising is how
little monoclonal antibody has been used therapeutically despite the fact that
it is available now for 7 or 8 years. People do not appreciated to what extent
one has to pay for the specificity that you get with monoclonal antibody. For
a start most mouse monoclonals are incapable of fixing human complement.
This is a great drawback in their use. Secondly, as you have already said they
are immunogenic. However, antimouse antibodies are uncommon. Thirdly,
a point which is really not appreciated is that most mouse monoclonals are
totally unable to react with human K-cells. The human K-cell does not have
a receptor for mouse Fc, therefore people have blindly given monoclonals
hoping that they were going to get ADCC killing and that in fact does not
happen. They do react with monocytes, but the monocyte reaction is prob
ably unimportant in vive. It is very unlikely that we are going to get human
monoclonal antibodies against most tumour types to use. So your suggestion
that chimeric antibodies, which are part human part mouse, are useful, is a
very good one. However, it is a very long and difficult pathway to genetically
engineer even one chimeric antibody. It is much simpler to do this chemically.
You can obtain human Fc very easily from donor plasma and it is usually
available without problems. You can also obtain mouse Fab’ fragment very
easily and link these molecules together to produce a univalent antibody with
mouse Fab’ and human Fc, which does not cause antigenic modulation.It has
a long survival in circulation (21 days like a human molecule compared to
three days with a mouse). It is much less immunogenic, because the most
immunogenic part of the molecule is the Fc portion. We have done this in our
laboratory for a number of specificities now and I reckon this might be a
much easier way of producing these chimeric antibodies then try to genetic
ally engineer them.

G. Jacquin (Paris): Quite attractive I agree. I wanted to outline that chimeric
mouse human antibodies could be one response to the different problems
encountered today with monoclonal antibodies.

TJ. Hamblin: Dr Benz, one of the things I found difficult when I was begin-
ning to learn about molecular biology were all these geographical terms. I am
sure that many of the audience are confused between Southern, Northern,
and Western blotting. Could you just explain the difference?



48

EJ Benz, Jr (New Haven): Southern blotting applies to analysis of DNA or
DNA fragments. It is not really a geographical term. In fact, it is named after
a person Dr Ed Southern, who invented the blotting method. When people
who studied RNA found that an analogous blotting technology could be used
to analyse RNA, they chose the name Northern blotting, as a subtle comple-
ment to Ed Southern. Western blotting, of course, is quite familiar to most
of you, because it is used so effectively for immunologcial types of studies. It
is an analogous blotting procedure that is used to see proteins on a nitro-
cellulose support by means of antibodies. So, Northern blotting is for RNA,
Southern blotting is for DNA and Western blotting is for protein. Recently,
‘Southwestern’ blotting has been developed. Nuclear proteins are run on a
gel, and probed with a radioactive DNA fragment in an effort to locate regu-
latory proteins that bind to specific DNA promoter or enhancer regions.

J-Ph.H.B. Sybesma (Dordrecht): Dr Jacquin, I want to know when to use mono-
clonal antibodies and when not, because I can imagine that when you use
monoclonal antibodies you may find antigens that you could not find with
polyclonal ones.

G. Jacquin: The application of murine monoclonal antibodies for example in
immunohematology was discussed 2 or 3 years ago. If you recognize just one
epitope, you can have perhaps a less good reaction with monoclonal anti-
bodies than with polyclonal antibodies. But progress has been achieved and
we can say that with one specificity the application in immunohematology is
as good as with polyclonal antibodies. For example in the National Blood
Centre some 4 years ago, we were obliged to mix 2 or 3 specificities of mono-
clonal antibodies in order to have a good specificity. But it can be predicted
perhaps that in the future a mix of monoclonal antibodies might be necessary
in order to have an optimal efficacy in that field.

C.Th. Smit Sibinga (Groningen): Dr Susan Holbeck has givena marvellous pre-
sentation on the HLA DR sequencing in relation to disease. It is known that
organ transplant rejection very much depends on the matching. Specifically
the acceptance of the organ seems to be very much related to a match on the
DR. Could it be so that by sequencing the DR from donors we could much
better predict which sequence would be the favourable one and which would
be the less favourable one in the acceptance of the organ?

S. Holbeck (Seattle): 1 think that when people are matched by specificity and
the graft is rejected, it is not that they themselves actually have different
alleles. As we have seen in the case of DR4 there are actually 5 different alleles
that have the typing specificity DR4 on them. So, different molecules that all
have a common epitope. The other thing that can happen is that although
they have the same allele DR, they can have other different alleles and other
class II genes. We have seen that in fact in bone marrow transplant patients
in a study we did at the Puget Sound Blood Center that there are cases of
unexplained Graft-versus-Host disease. In those cases, although the siblings
were matched, they have had a crossover within the HLA-region. So they
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were matched at DR and had identical alleles at DR, but in fact had different
alleles at DP and so a sort of hidden-in within the typing date. Although I
think that sequencing techniques have become a lot more rapid, probably the
use of allele nuclear type probes for more defined typing will be the future.
There are several companies working on such allele nuclear type typing kits.

L.E. Overby (Emmeryuville): Dr Benz we hear a lot about DNA typing and
RFLP’s to get a unique identity. Do you think that those procedures in due
time become simple enough, so that they can be practized on a wide enough
scale to really serve as a substitute for finger printing or matching of individu-
als. Now I understand it is still fairly complicated, and it takes a sophisticated
laboratory to really run RFLP on blood.

E.J. Benz, Jr: This is an area I did not cover for two reasons. One is there
was insufficient time and the other is I do not think I understand the tech-
nology very well. There are two existing ways that one can obtain some indi
vidualized profile of DNA in a single person. One is by looking at the pattern
of restriction endonuclease sites that surround specific genes or specific parts
of DNA for which DNA probes are available. These methods have been the
kind that have lead people to identify the region of DNA that is involved in
diseases such as Huntington’s chorea or manic depressive illness. They lead
to the kinds of breakthroughs that you hear about periodically as providing
clues to the causes of genetic disease. The practicality of using those for
forensic purposes I think is limited by the fact that one will have to do a very
large number to get a unique profile for an individual and in many cases one
has to get the profile from very suboptimal specimens. But there is a variation
or an enhancement of that technology that has been pioneered by Dr Alec
Jeffreys which does hold more promise. I think within the not too distant
future perhaps within the next few years this will find its place in practical
use for identifying individuals. This is called DNA fingerprinting and refers
to the fact that there are many parts of the human genome in which there
are repeated sequences that occur next to a gene. So, for instance in mygene
the sequence may occur two times. Next to another person’s gene it might
occur four or five or even three dozen times. These are called hypervariable
regions. Therefore, there will be a great deal of variability amongst individu-
als; a handful of those markers, perhaps ten or twelve could be studied in one
or two blotting experiments. This many markers has good sufficient unique-
ness for diagnostic or legal purposes. However, the impediment is how to
develop the multiplicity of analyses in a simple test fast enough to be of;use.

T.J. Hamblin: Dr Jeffreys’ technique actually is in current use by the British
Government to check on immigrants who claim to be related to people who
are already in the country and is now being marketed as a way of testing for
paternity in Britain. So, I am sure that is going to be available very quickly.
Dr Holbeck, the concept of suballeles at the alleles on DR is new to me today
— I am interested in it. The differences of about four amino acids in these
various suballeles are very tiny. Can you give us some sort of idea of how the
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differences between DR4, DR3 and DR2 relate to that. Are they of similar
size or much larger size?

S. Holbeck: They are of much larger size. I do not know out of my head the
differences. I think that the differences between DR2 and DR# are in the
order of 70 or 80% homology. In addition you can distinguish them by
Southern blotting which indicates that they have a lot of differences in the sur-
rounding DNA sequence. So the DR4 suballeles as you have called them are
not actually suballeles, they are alleles themselves which serve a common ele-
ment which has been recognized by the antibodies that were used fotyping
in the past.

T.]J. Hamblin: The question is how stable is this area genetically. Is it subject
to somatic mutation like immunoglobulin genes are or to rearrange in some
ways, so you get these minor differences occurring in such a wide variety.

S. Holbeck: It is not subject to somatic mutation, but it is a group of very close
genes. There has been quite some suggestive evidence that gene conversion
goes on generate diversity between generations and that you can find little
cassettes of information that have been transferred for one generation on to
another. So, it is certain that evolution is taking bits of one gene making a
new gene out of it.

T.]. Hamblin: Does that mean that within families these alleles do not in fact
always breed through and that you may get a change from one generation to
the next?

S. Holbeck: No, one has found to my knowledge an example of gene conversion
happening with a single generation in man. I think it has definitely been
shown to happen in mice though.

T.J. Hamblin: But I mean it must happen during one generation if it happens
at all.

S. Holbeck: It does. But it is an issue of whether those individuals have been
typed or not and whether you catch it in the act of doing.

T.]. Hamblin: Because one is aware that rheumatoid arthritis and diabetes for
instance do tend to occur in families, but that is by no means a general affair.
I mean it often skips generations and I wonder whether it has a genetic
explanation or an environmental.

S. Holbeck: I think that it is probably a combination of things, because certain-
ly all individuals who have the risk at the allele that we might have to find,
do not have for instance diabetes. Even in families where there are multiple
individuals with diabetes it is not always the case that every member of that
family who has that risk really develops diabetes. It is a fairly high percentage
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but it is certainly a complex system and there are many factors that are
influencing development of disease.

EJ. Benz, Jr: Just a quick comment to amplify what Dr Holbeck has said
about variation in genes that are relevant to clinical purposes. One of the
challenges that has to be faced is determining which of the changes that are
encountered and studied are either involved in the pathophysiology of the dis-
ease or the determinant of a relevant clinical phenotype and which changes
are really polymorphic. Many of the genetic changes that have been linked
to human diseases are in fact not at all related to the mechanism causing the
disease, but are simply located nearly in the genome. These changes are very
similar to the saying that people with bloodgroup A have a propensity to get
peptic ulcer. They simply are associated findings that are coinherited and fre-
quently are not at all involved in the pathophysiology.

S. Holbeck: I might make a comment on that as far as it relates to HLA. I
think that the feeling is that these molecules are actually involved in the dis
ease process, because HLA class II antigens are the molecules which present
antigen to the immune system. Both of these diseases that I have discussed
have an immune component. So the idea is that if something is going wrong
with the immune system, either a failure to suppress an abberant response
or presentation of an antigen that should not be presented, that that is some-
how involved in causing disease. But that has not been definitely shown.
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BIOTECHNOLOGY IN BLOOD GROUP SEROLOGY -
APPLICATION AND TRENDS FOR THE FUTURE

D. Voak

Introduction

The monoclonal technology of Kohler and Milstein [1] has enabled selected
stable cloned cell lines to be developed that produce high yields of useful
monoclonal antibodies by specialized tissue culture technology, although
ascitic fluid production may have an economic advantage if the reagent can
be produced at high dilution. Selected monoclonal antibodies offer consider-
able advantages to reagent manufacturers by providing unlimited quantities
of high quality reagents.

Monoclonal antibodies have now been produced to many red cell antigens
[2], but the aims of this paper are to describe mainly those monoclonal anti-
bodies that can meet the large volume i.e. thousands of litres/year require-
ments of routine blood transfusion reagents; and only to briefly discuss the
use of monoclonal antibodies in paternity testing and forensic serology as that
has been described elsewhere [3].

High volume reagent requirements fall into three groups:

1. Anti-A, anti-B and anti-A, B produced from selected murine monoclonal
antibodies [4,5].

2. Anti-Rh(D) from Epstein Barr Virus (EBV) treated human B lympho-
cytes secreting anti-D [6] and stabilized by a fusion with a mouse myelo-
ma [7] or hybrid myeloma [8].

3. Polyspecific anti-human globulin reagents produced by blending mainly
murine monoclonal anti-C3¢/C3d or just anti-C3d with rabbit anti-IgG.

ABO monoclonal antibody reagents

ABO grouping reagents should meet FDA standards [9] for speed of reaction
and titre, and they must be stable and specific. Selected mouse monoclonal
anti-As, anti-Bs and anti-A,B antibodies achieve these criteria and are in
widespread use as blood grouping reagents [4,5]. These IgM anti-A/anti-B
antibodies are potent red cell hemolysins in the presence of the complement
of fresh serum. Therefore, the reagents must be formulated with EDTA
(0.01m) at pH 7.1-7.3 for use as typing reagents.
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Avidity characteristics

The results of avidity tests given in Table 1 show the avidity (time in seconds
to produce a macroscopic reaction) and the critical tests are with A,B for
anti-A and A B for anti-B reagents [4] as these red cells have relatively low
antigen site densities, and avidity times of less than 10 seconds are considered
adequate. However, our experience with monoclonal antibodies raised new
problems as the most avid anti-A and anti-B antibodies with an adequate or
even excellent avidity time can give a poor clump size (or intensity) of agglutin-
ation with strong antigen red cell types. For example, 3D3 and MHO4
anti-As may be blended to make a reagent, as 3D3 gives better clump size
with A, cells than MHO4, which is a high avidity anti-A that sees A_. Also,
NB1/19, 5A5 and/or 3B4 may be blended to make a reagent as NGI1/19 has
a better slide reaction with B and A,B cells than 5A5 or 3B4 that are of hig-
her avidity and agglutinate subgroups of B that are missed by NB1/19. The
avid anti-B (5B2) cannot be blended to make a good slide anti-B reagent as
it even ruins the excellent slide characteristics of the anti-B NB1/19. Thus each
monoclonal anti-A or anti-B must be evaluated on its own merits and in trial
blends before making bulk reagent.

Table 1. Avidity (potency) FDA slide tests* with supernatant anti-A and anti-B
monoclonal antibodies and control reagents.

1 volume of antibody reagent = 1 volume of 35% cells in plasma.

Avidity is time in seconds to give agglutination.

Anti-A A Ag AB AyB
Commercial X (USA) 2 3 2 5
3D3 neat 2 3 4
MHO#4 neat 1 1 1 2
Anti-B AB AsB B
Commercial X (USA) 4 3 3

NB1/19 neat 4 4 4

5A5 neat 3 3

3B4 5 4 3

5B2 4 3 4

* After two minutes all gave agglutination >1mm, except 5B2.

Saline titres by spin-tube tests

The saline titres of some excellent monoclonal anti-A/anti-B antibodies are
shown in Tables 2 and 3. The anti-A MHO4 is an example of a superior anti-
A that exceeds conventional anti-A reagent specifications, by reacting with
A, and it is also better with weak A,B (‘A;B’) and cord AB bloods [4,5,10].

The anti-A (3D3) reacts about as well as a polyclonal FDA licensed serum
anti-A reagent, and makes a good blending partner for good slide test reac-
tions (see above).
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Table 2. Saline titres of tissue culture supernatant monoclonal anti-A

reagents.
Anti-A reagents
3% cells saline RT  3D3 neat MHO4 neat Group B serum
commercial X (USA)

A, 1024 1024 512

A, 512 512 256

AB 512 512 512

A,B 64 256 64

A,B weak 4 256 8

A;B 0 256 1

A 4 256 4

A, 0 64 0
B(A)+++ 0 32 0

Saline tests negative x B, O, A, and A 4 RBC.

Table 3. Saline titres of tissue culture supernatant monoclonal anti-B
reagents.

Anti-B reagents

3% cells saline RT NB1/19 3B4 5A5 5B2 Group A serum
commercial X (USA)

AB 256 64 256 128 64
A.B 512 128 512 256 64
B 512 128 512 256 128
B cord 256 64 256 128 64
B weak* 0 32 64 32 64
A, 0 0 0 0 0
o) 0 0 0 0 0

*Similar results obtained with 25 additional subgroups of B.

Selected blends of monoclonal anti-Bs are at least equal to good conven-
tional FDA licensed reagents. The examples described here do not detect
acquired B and they are very useful in forensic work in which acquired B is
a frequent source of difficulty in the determination of the ABO group.

Special characteristics of anti-A MHO4

MHO#4 is the most powerful anti-A we have examined and it gave macro-
scopic reactions with 20 out of 24 examples of A_[4,5]. Absorption and heat
(56°C) elution studies with MHO4 confirmed it was an anti-A and not some
form of anti-A,B antibody as it was not absorbed or eluted from B or control
O cells. The strength of binding of MHO#% absorbed by A, red cells is so
strong that it is not eluted from A, cells, although it does elute from A,, A,B
and A red cells. Thus the selection of monoclonal antibodies for blood
grouping based on high avidity criteria produces reagents unsuitable for use
by classical forensic elution techniques.
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We suggest that forensic workers use these avid reagents by ELISA method
or select monoclonal antibodies to lower avidity criteria.

MHO4 anti-A was used in thousands of automated and manual blood
grouping tests using the UK sedimentation tube technique read after pipette
transfer of the cell button to microscope slide and no reactions were observed
with B or O red cells. However, later in 1985 MHO4 and 3D3 anti-As from
Celltech were blended to produce Ortho’s Bioclone anti-A, and after some
months it became apparent that this reagent reacted weakly with a low
incidence of ‘normal’ group B red cells. Samples of some of these reactive
group B bloods were referred to D. Voak by D. Davies (Ortho) and M. Beck
(Kansas City) and we demonstrated that the reactive B red cells were reacting
with the MHO4 anti-A.

We called these anti-A reactions with B red cells the B(A) phenomenon and
the reactive B cells were called B(A) as the reactions were proved to be with
an A antigen and specifically inhibitable by A substance [11].

Characteristics of the B(A) phenomenon [12] are:

1. Shown by certain monoclonal anti-A that see A_ (e.g. MHO#4. Table 2).

2. Also shown by anti-A of anti-A,B sera that see A_(anti-B and anti-A,B
removed by absorption).

3. B(A) agglutination is verry fragile almost soft aggregation rather than
agglutination destroyed by quite gentle agitation.

4. Method sensitive, best detected by gently read spin-tube technique.

Inhibited by group A but not group B secretor salivas, which confirm it

1s an A reaction.

6. Due to the B transferase enzymes making a little A [13] and the serum
of people with B(A) reactive red cells have elevated B transferase levels.

7. Low incidence in saline tests (mainly in Negros) but the red cells of all
group Bs can be shown to have a little A if the spin-tube tests are enhanced
by enzyme treatment.
Careful reading of tests has revealed B(A) with Ortho’s Bioclone anti-A
in 0.1-0.3% of group Bs. Only Beck has reported a higher incidence of
1.0% in Kansas (only one third could be confirmed by the FDA (personal
communication A. Hoppe, C. Santos), which reflects on the exquisite
sensitivity of his reading method.

8. Mainly a problem in North America, where difficulties in interpretation
are due to failure to carry out reverse serum grouping.

o

Quality control of superior monoclonal anti-A reagents

The Paris Monoclonal Antibody Workshop [2] revealed numerous mono-
clonal anti-As that can detect A_[15]. Some showed B(A) reactions and it is
clear that there are now sufficient of these superior anti-A antibodies available
for use by most major manufacturers in their future anti-A reagents.
Therefore it is important to realize that this type of reagent development
is not prevented by the B(A) phenomenon, as B(A) reactions are a function
of anti-A concentration that can be quality controlled with B(A) or papainised
B red cells. The MHO4 anti-A diluted at 1/90 is still a superior anti-A reagent
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negative with the B(A) papainised B and O control cells by carefully read
spin-tube tests (Table 3). The ability to detect weak A red cells is reduced,
but the 1/90 MHO4 reagent still detects more examples of A_than the excel-
lent BRIC-131 anti-A of Dr. Anstee and the FDA licensed conventional anti-
A,B control reagent (Table 4).

Table 4 MHO#4 anti-A dilution not detecting A in group B(A) red cells detects many weak
A variants.

Number of variants detected

Spin tests Anti-A reagents Anti-A,B
Subgroup Number tested  Bioclone Ortho MHO4 1/90 BRIC-131
supernat-  Conventional
ant

A, 24 17 14 9 7

3 6 6 6 6 6 (1 weak)
‘AsB’ 8 8 8 8 8
AB 1 1 1 1 1
Control-A in B B(A)+ + ++ 0 0

BA + + 0 0

Papain B 1+ 0 1+weak ++++

Anti-A, B reagents for the detection of weak subgroups of A and B

Several monoclonal anti-A,B antibodies have now been described [10,16,17],
but a single anti-A,B antibody will not make an anti-A,B reagent e.g. one
anti-A,B, [16] reacts well with all group A types down to and including A_,
but only reacts weakly with even strong group B cells. Thus it must be blen-
ded with a potent monoclonal anti-B to make an anti-A,B reagent. Anti-A,B
reagents can also be made by blending a monoclonal anti-A (MHO#4) that
sees A_with a monoclonal anti-B (5A5) that sees weak B variants, as shown
in Table 5.

Table 5. Anti-A MHOA4 is superior to conventional anti-A and detects weak A variants, as well
as an anti-A,B serum.

Anti-A reagents Anti-A,B reagents

Monoclonal MHO4 Serum Monoclonal Serum (group O)

neat supernatant commercial X A +B commercial X
Cells MHO4 +5A5

spin slide spin slide spin slide spin slide
A, ++ +++ A\ - ++ +++ ++ ++
A, + ++ - - + ++ + +
Ag +++ ++ + + ++ ‘+ 4+ +++ +++
A3B +++ C ++ ++ C C C C
AyB C C +++ +++ C C C C
B - - - - C C C C
o) _ - - - _ - - -

Note: Immediate spin-tube tests, 1 volume antibody = 1 volume 3% red cells in saline.
Slide tests, two minute tests, 1 volume antibody to 1 volume 35% red cells in plasma.
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The supernatant of the superior anti-A e.g. MHO#4 can detect 20 out of
24 examples of A_[4,5] and it can be used at this concentration in an anti-
A B blend, whereas it must be used diluted in anti-A reagent blends to
minimize B(A) reactions and thus is less effective for A detection than the
optimum anti-A,B reagent. However, the weakest link in ABO grouping is
with the weak A of cord AB bloods that cannot be checked by anti-A,B
reagents because of the masking anti-B reactions, and thus have often been
mistyped (personal experience), especially in very warm weather in non air-
conditioned laboratories.

Superior monoclonal anti-A and anti-B reagent blends are more reliable
than conventional reagents for the detection of weak A and weak B in adult
and cord bloods, especially of A;, A and weak A in cord AB bloods. Thus
the continued use of anti-A,B reagents is questionable. Admittedly they do
confirm that anti-A or B reagents were added to tubes, but only for A or B
and not for AB samples; and surely the reverse serum grouping is an adequate
check for the cell typing, with the exception of cord bloods. Furthermore, the
detection of weak A _ is only of research interest and of no clinical signifi-
cance while examples of clinically significant A, with very weak A are more
reliably detected by their anti-H reaction with group O cells than by detection
of their weak A antigen.

Economy of automated ABO grouping (‘Technicon Autogrouper 16C)

MHO#4 anti-A at a 1:500 dilution of the supernatant detects all A subtypes
down to ‘A4B’ (weak A;B) but not A_. A more concentrated 1:50 dilution of
MHO#4 anti-A was used in an anti-A,B blend with a 1:50 dilution of mono-
clonal anti-B (5B2) to detect weak subgroups of A and B. This anti-A,B and
reverse grouping also confirms the ABO groups. This procedure enables us
to identify A donors for research purposes as we did not want them to be
labelled as group A donors. The monoclonal anti-B (5A5) was used at a 1:100
dilution.

Accurate results were obtained with these reagents and no false results were
obtained in 113,703 tests with the anti-A, 135,039 tests with the anti-B and
47,259 tests with the anti-A,B. The economy of these selected monoclonal
anti-A/B antibodies, enhanced by methyl cellulose (0.6-1.0%) and bromelin
(0.25%) is at least five times better than with conventional reagents and offers
complete reliability of donor or patient blood typing by automated systems
and microplate techniques using manual or semi-automated procedures.

RhD monoclonal antibody reagents [3,5]

The first monoclonal IgG anti-D was an IgG antibody [17] and most workers
experienced difficulties in stabilizing the anti-D secreting cell lines which were
Epstein Barr Virus (EBV) transformed human B lymphocytes. Monoclonal
IgG anti-D antibodies have not yet offered advantages over polyclonal anti-D
reagents, as the yields are not economic and they miss weak D(D") and some
D variants [6 and Tippett personal communications].
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However, progress has been made on stabilising anti-D secreting cell lines
by fusing them with a human-mouse heteromyeloma [8] or a mouse myeloma
[7] and excellent IgM anti-Ds suitable for reagent use have been produced.
Therefore, routine RhD typing can now be performed by simple saline tests
and several examples of high titre IgM monoclonal anti-Ds are in routine use.
The tissue culture supernatant of the MAD-2 cell line [7] has a saline spin-
tube titre of 1,024 with red cells of the R,r phenotype (pool of 4) and that
of a French CNRGS reagent was nearly as potent with a titre of 512.

These reagents are sufficiently potent for use by slide or immediate spin-
tube tests and completely reliable for typing all normal RhD positive pheno-
types, but IgM anti-D antibodies are unreliable for the detection of weak
D(Dv) by saline tests (18,20 and see Table 6). The French reagent’s better
activity with the weak D samples is probably due to potentiation of the IgM
antibody activity by enhancers, but has the disadvantage of requiring a diluent
control that increases reagent costs and for patient typing the detection of
weaker forms of DV is unnecessary [18,19] because as potential recipients we
prefer to regard them as RhD negative.

Table 6. Saline test reactions of IgM monoclonal anti-Ds with weak D(D") samples
(all weak D samples positive with papain treated RBC).

Weak D samples

1 2 3 4 5 6 7
anti-D R2“r Rlur Rlur R % R R R2“r

MAD-2 neat supernatant WK 0 ++ ++ 0 WK +
86121 CNRGS* +++ + +++ ++ ++ + ++

* Diluent control tests negative.

In the case of RhD typing donor bloods it is desirable to detect at least high
grade D" and D variants [21]. In this case improved sensitivity can be
achieved by potentiation of the reagents (e.g. Ficoll, dextran, pvp), but has
the diluent control cost penalty for all tests, and simple one-stage mixture tests
with enzymes cannot be used as the enzymes destroy the in-line antibody
[18,20]. Two-stage enzyme tests do enhance the reactions with DU red cells,
but some D variants (Category VI) are still undetected and in any case the
method is impractical.

Fortunately there is a simple answer to this problem as the high titre IgM
monoclonal anti-D reactions are not blocked by levels of selected IgG anti-Ds
that can detect DY and D variants by antiglobulin tests. Therefore a single
D typing reagent can be made by a blend of IgM monoclonal anti-D (titre
of 1,024xR r red cells) with conventional IgG anti-D. Thus normal RhD
positives can all be detected by simple saline tests and any negative or weak
reactions can be converted to antiglobulin tests for the detection of weak D
types, as seen in Table 7. This procedure will also resolve any discrepancies
between saline tests with these monoclonal IgG anti-Ds and conventional
albumin or enzyme anti-D reagents that may give strong reactions with
weak D types.
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Table 7. Tests for weak D(DY) with an IgM (MAD-2) + IgG anti-D blend.*

1:1 vols - spin-tube tests x 3% RBC
weak D(D") samples

1 3 4 5

Method R l“r Rr Rzur Rzur R l“r R l“r R2“r T

15 min 37°C saline 0 0 +++ WK ++++  ++++

2
2
IMM spin saline WK + WK  +++ (+) +H++ F+++
+
AGH +++ +H++ +H++ N/T +++ N/T N/T

OO O

* Saline titre 1024xR “r (pool of 4).
** Previously grouped as R,“r with an albumin anti-D.

Currently available IgG monoclonal anti-Ds are not suitable for blending
with the IgM anti-Ds for reagent use as they are unreliable with some weak
D and D variant types, especially Category VI [3, 18, and P. Tippett, per-
sonal communication].

However, one potentially useful IgG monoclonal anti-D was revealed at the
recent workshop in Paris [2]. Thus in the future monoclonal IgG anti-Ds,
probably as blends, may replace conventional IgG anti-D for reagent use.
Although this may only become an economic reality if and when monoclonal
IgG anti-D antibodies can replace the large supplies of conventional IgG
anti-D needed for in vivo prophylactic treatment for the prevention of anti-D
immunization in RhD-negative women.

Monoclonal anti-complement (C3c/C3d) for use in polyspecific anti-
human globulin reagents (AHG)

Monoclonal anti-complement antibodies [22,23,34] are much easier to stan-
dardise than conventional (rabbit) anti-C3c¢/C3d reagents, which are also
difficult and expensive to make. However, monoclonal anti-IgG antibodies
are unlikely to replace conventional rabbit anti-IgG reagents as these are
excellent and easy to make [22,23].

The main difficulty in the standardisation of polyspecific AHG reagents is
the adjustment of the anti-C3d level to avoid false positives with the C3d levels
on normal red cells. A state of the art problem existed for manufacturers as
some reagents that passed FDA false positives with just washed red cells still
gave troublesome ‘false’ positives in routine work (see Table 8). This problem
was due to the failure to appreciate that the incubation of fresh sera with red
cells increases their C3d level and that the reagents must be standardised to
this level of C3d coated cell. The ISBT/ICSH joint Working Party on AHG
Reagents recommends simulated crossmatch tests using both standard
(NISS) and low ionic strength (LISS) tests for the standardisation and quality
control of antiglobulin reagents [23]. The FDA has now also adopted this pro-
cedure as their false positive test procedure and this should help to improve
the quality of AHG reagents. Generally anti-C3c is used as the major anti-
complement component with a less amount of anti-C3d. The former is the
main component for the detection of complement bound in iz vitro tests and



61

Table 8  ‘False’ positives with C3d complement on normal donor’s RBC.

Simulated crossmatch tests —37°C
Fresh sera* x RBC from CPD-A segments

(5-30 D) C3d titresxE3d
Commercial USA
polyclonal AHG 1 2 3 4 5 immediate spin 5 min
A - - - - - <1 4
B - WK - - - 2 4
C** + - WK + WK 4 8

* ISBT/ISH procedure - adopted by the FDA April 1986.
** This reagent is clean with washed RBC not incubated with serum.

the latter is used to detect in vivo bound complement. The ISBT/ICSH Wor-
king Party has selected both a conventional polyspecific AHG (R3P) and a
polyspecific AHG (RIIIM) that contains monoclonal anti-C3c and anti-C3d,
and these clean, potent, reference preparations [23] represent the state of the
art and can be obtained from Professor C.P. Engelfriet (Amsterdam).
Several new types of polyspecific anti-complement blends have been made
and there are four possible types of polyspecific reagent, as shown in Table 9.

Table 9. Four types of AHG free of ‘false’ positives in crossmatch tests.

Spin type titresx EC3d indicator RBC

Various types of anti-C3 blended with rabbit  immediate 5 minute delay*
serum anti-IgG (15-30 sec) tests
C3c C3g C3d c3d
1. Conventional (rabbit) -C3d —-C3d** 16 0 <1 4-8
2. Monoclonal -C3c -C3d e.g. RIIM 64 0 2 increased 8
3. Monoclonal -C3d (BRIC 8) NO C3c 0 0 8 8-16
4. Monoclonal -C3g (HL9) + rabbit
-C3c 16 32 0 0

* 5 minute tests are essential to measure low levels of anti-C3d.
** Also contains some anti-C4c (titre 2-4).

In the case of the IgM anti-C3d BRIC-8 [24], experience in the UK has
shown that this anti-C3d, suitably standardised, makes an excellent clean
anti-complement without the need for anti-C3c. It is also interesting that
BRIC-8 anti-C3d produced in a tissue culture supernatant is cleaner than the
ascitic fluid material allowing the potency titre to be increased from 8-16 to
32. Also, we have a monoclonal anti-C3g that can be blended with an anti-
C3c (monoclonal or polyclonal) which detects in vivo as well as ‘in vitro’
bound complement, as well as a good anti-C3d. However, this anti-C3g [22]
is still unique and needs to be used at neat supernatant strength, so it remains
to be seen if future anti-C3g monoclonal antibodies are sufficiently economic
for reagent use, or whether this antibody will simply remain as a valuable
research tool to characterise C3 components on various types of red cells

[22,25].
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Other monoclonal antibodies for blood group serology

Many other monoclonal antibody specificities have been found. Monoclonal
anti-M, anti-N, anti-Le? and anti-LeP are in routine use and others, inclu-
ding e, E, ¢, K and k, are under evaluation [2].

In conclusion, monoclonal antibodies have already made an impact in blood
group serology. The most important final comment to be made 1s that each
monoclonal antibody should be evaluated on its own merit as some have
demonstrated idiosyncrasies not seen with polyclonal reagents e.g. the B(A)
phenomenon and the extreme dependency of anti-M/N reagents on a critical

pH.
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THE CHARACTERIZATION OF MONOCLONAL
ANTIBODIES DIRECTED AGAINST CARBOHYDRATE
EPITOPES BY IMMUNOCHEMICAL MEANS;

THE IMPORTANCE OF SUCH MONOCLONAL ANTIBODIES
FOR THE RECOGNITION OF BLOOD GROUP ANTIGENS

L. Messeter, K. Low, A. Lundblad

Introduction

A number of monoclonal antibodies (MABs) raised against blood group
active carbohydrate antigens have proved to be useful as blood grouping
reagents [1]. The possibility to determine the fine specificity of these anti-
bodies and the increasing knowledge about the importance of carbohycrate
antigens as markers in cell differentiation and in carcinogenesis [2,3] have
made many of these MABs even more important as diagnostic tools in
immuno-histology and immuno-pathology. Since a blood group active carbo-
hydrate antigen may have different chain structures and can be attached to
lipids or polypeptides the presentation of the antigen may differ in different
tissues even if the immuno-dominant structure is the same [4,5]. On the other
hand, cell surface antigens which seemingly are identical might show fine
qualitative differences when studied with specific reagents [6]. Thus it might
be possible that weak ABO variants which can be demonstrated on red cells
of rare individuals may contain epitopes which differ also qualitatively from
those of ‘standard’ red cell phenotypes.

For these reasons it is not selfevident that an antibody which performs well
in red cell grouping is equally useful in other applications and it is therefore
of great importance to elucidate which epitope an antibody does recognize.

In this paper we will give a few examples of how antibodies against H and
Lewis antigens can be evaluated, starting from the serological reaction
pattern.

Materials and methods

H and Lewis antigens occur e.g. on human red cells and in blood group
substances from human ovarian cyst material. Lewis active sugars also occur
in human milk. Antigens from these sources were used for immunization of
Balb/c mice (Table 1). The Lewis active milk sugars LNF II (Lacto-N-
fucopentaose II, Le2 active) and LND I (Lacto-N-difucohexaose I, LeP
active) were coupled to edestin or KLH before use. The immunization
protocol has been described earlier [7]. MABs were produced by the mouse-
mouse hybridoma technique as described earlier [7]. Tissue culture super-
natants from growing hybridomas were screened against selected human red
cells using manual hemagglutination tests. Promising antibodies were further
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Table 1. Antigens used and resulting antibodies.

Antigen used

Blood group activity

produced antibodies

LND I-edestin/KLH Leb
LNF II-edestin/KLH Lea

H, Leb substance H, Leb

Lea substance Lea
Human red cells

B, Lea, Leb, H and others

anti-Leb, anti-H
anti-Lea

anti-H

anti-Lea

Table 2. Antigens used in ELISA testing.

Name

Structure

Lacto-N-tetraose

LNT

Lacto-N-fucopentaose I
LNF I, H I antigen

Lacto-N-fucopentaose II
LNF II, Lea antigen

Lacto-N-difucohexaose I
LND I, Leb antigen

Lacto-N-neofucopentaose 1
LNnF I, H II antigen

Lacto-N-neofucopentaose 111
LNnF III, X antigen

Lacto-N-neodifucohexaose 1
LNnD I, Y antigen

GalB-3GIcNAcB-3Gal-4Glc—BSA*

Galf3-3GlcNacf-3GalB-4Glc ~ BSA*
12 \ Cer**
Fuca

GalB-3GlcNacB-3GalB-4Glc ~ BSA*
14 \ Cer**
Fuca

GalB-3GlcNacB-4GalB-4Glc / BSA*
12 14 N\ Cer**
Fuca Fuca

GalB-3GlcNacB-3GalB-4Glc ~ BSA*
12 \ Cer**
Fuca

GalB-3GlcNacB-3GalB-4Glc ~ BSA*
13 \ Cer**
Fuca

GalB-3GlcNacB-3GalB3-4Glc ~ BSA*
12 13 N Cer**
Fuca Fuca

* Antigen coupled to BSA; ** Glycolipid.

Serological reaction pattern of

anti-H, anti-B and others
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evaluated in hemagglutination against a large number of red cells of different
phenotypes.

Antibodies which were considered useful as reagents for blood grouping
were selected for immunochemical studies.

These comprised solid phase ELISA tests [8] in microtiter trays coated with

a number of representative oligosaccharides (coupled to BSA), or glycolipids
(Table 2).

Results and discussion

One of the goals was to produce MABs against H and Lewis antigens with
sufficient potency to be useful for routine phenotyping.

Table 1 gives a summary of the antibodies obtained, classified according
to their serological reaction pattern. Interestingly, neither red cells nor blood
group substance provoked formation of LeP antibodies in any of the fusions
performed whereas both red cells, H, Leb blood group substance and LND 1
gave rise to antibodies reacting as anti-H in hemagglutination.

Anti-H

After immunization with H, LeP blood group substance, red cells or LND I-
edestin, a number of antibodies were obtained which preferentially agglutina-
ted group O red cells. Most of these antibodies were quite weak and did not
distinguish well between Al and A2 cells but a few antibodies from fusions
with either of the used antigens gave reactions similar to those expected of a
Ulex europaeus extract (Table 3). Ulex lectin recognizes a c-fucosyl residue and
reacts well with H type 1 and 2 [9].

However, when the binding characteristics to the glycoconjugate panel were
studied in ELISA test, these antibodies showed varying reaction patterns
(Figure 1). It is quite clear that even if the serological results show good
specificity only one of these antibodies has a binding pattern which is similar
to that of the Uiex lectin. This antibody, 647/9 A2, therefore is a true anti-H
which in the hemagglutination test recognizes H structures that occur on
human red cells.

All the other three antibodies show a more or less pronounced cross reacti-
vity with the difucosylated type 2 structure, the Y antigen, which so far has
not been isolated from human red cells [10]. In fact, the MAB 672/7 E3 which
behaves as a rather satisfactory anti-H in hemagglutination is in the ELISA
a pure antiY. The antibody might therefore recognize H type 3 which occurs
on red cells.

The antibody 64/4 D8 shows another binding pattern: it binds equally well
to type 1 and 2 difucosylated structures i.e. LeP and Y antigens, and also
shows some cross reactions with H type 1 and 2. Since the antibody was
raised against the LeP active milk sugar LND I, the cross reactions in
ELISA with this antigen are not astonishing. It might be expected, however,
that in hemagglutination, Lewis negative cells, particularly those from non
secretors would react less well. This was also the case but the reactions were
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Table 3. Hemagglutination titers of some MABs.

647/9 A2 (mice immunized with group B human red cells)
Antibody dilution

Red cell 11 1:2 1:4 1:8 16 1:32 1:64 1128 1:256
Al -

AlB 1 iw - - - - - - -
A2 4 4 4w 4w 3 3w 1 - -
A2B 2 2 2 1 1w - - - -
O 4 4 4w 4w 3 3w 2 1 -

672/7 E3  (mice immunized with H, Leb blood group substance)
Antibody dilution

Red cell 1:1 1:2 1:4 1.8 1:16  1:32 1:.64 1:128 1:256 1:512
Al 1w - - - - - - - _ _

AlB - - - - - - - - - -
A2B 4 4 4 4 4w 4w 3 2 2 1
A2B 2 2 2w 1 1 1w - - - -
O 4 4 4 4 4w 4w 3 3w 2 2w

64/4 D8  (mice immunized with LND I-edestin)
Antibody dilution

Red cell 1:1 1:2 1:4 1:8 1:16  1:32  1:64 1:128 1:256
Al - - -

AlB - - -
A2 4 4w 3 3w 1 1w - - -
A2B 2 1 1 1w - - - - -
@] 4 4 4 3 3 3 2 iw -

still strong and the difference in titer only 1-2 steps if compared to other Lewis
phenotypes. One explanation could be that the Lewis antigens occur only in
minute amounts on human red cells [11] and therefore the cross reactions with
H type 2 or H type 3 are more important for the agglutination reaction.

Anti-Le?

When the milk sugar LNF II or Le? active ovarian cyst material was used
for antigen in a couple of fusions, only one antibody was worthwhile to study
further. This antibody, 318/2 B3 was raised against cyst material and agglutin-
ated Le? red cells of all ABO groups. Leb cells were not agglutinated even
after enzyme treatment of the cells. In the ELISA, however, the antibody
bound equally strongly to the Le? active sugar and to the non-fucosylated
type 1 chain (LNT), whereas cross reactions with H type 1 and X were not
so pronounced. LNT is not expressed on red cells.
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Figure 1. Relative binding in ELISA (undiluted tissue culture supernatant) to
oligosaccharides coupled to BSA, or to glycolipids. Abbreviations, see Table 2).

Anti-Leb

After immunization with LND I a number of antibodies showing anti-LeP
specificity were obtained. Most of these had serological characteristics as anti-
Lebh but some also reacted with Al, Leb red cells. 10.2 has been described
before [7] and binds to LND I and to the LeP glycolipid. It also binds to
some degree to lactodifucotetraose, a milk oligosaccharide which does not
occur on red cells, but not to Le2, X or Y glycolipids. Another anti-Leb,
64/5 B9 obtained in another fusion, gave the same serological reactions as
10.2 but the binding pattern was broader. Cross reactions with H I and Y
could be demonstrated, whereas non specific agglutination of Le? or Lewis
negative cells were never observed.
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These examples illustrate nicely how difficult it is to produce a specific anti-
body against antigens of this type which probably is due mainly to the struc-
tural similarity. Even if purified antigens are used for immunization, the
possibility of cross reactions is very large.

From these examples it is also quite evident that the serological specificity
not always corresponds to the pattern which can be demonstrated by immuno-
chemical means. This was also well illustrated in the recent workshop on
monoclonal antibodies against human red cell and related antigens [12].

Several laboratories had studied the fine specificity of many different anti-
bodies against carbohydrate antigens and their suitability in different applica-
tions. Many antibodies which are excellent blood grouping reagents do not
give conclusive or even correct information if used in histology according to
the stated serological specificity. The antibodies discussed in this paper
further corroborate this fact. If an antibody which in hemagglutination
seemingly is an anti-H, but in reality is an anti-Y should be used uncritically,
very misleading information might be obtained. Therefore, all these MABs
should be thoroughly characterized and it should be clearly stated that the
reactions obtained in hemagglutination tests do not necessarily reflect exactly
the same specificity if the antibody is used in other applications.
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BIOCHEMISTRY OF HLA-B27 IN TRANSFECTED CELLS
AND TRANSGENIC MICE

H.L. Ploegh, E.]J. Baas, P.JJEM. Derhaag

To study the functional properties of HLA Class I molecules (Figure 1), genes
encoding these proteins have been isolated and used to transfect mouse cells.
We have isolated the genes encoding the HLA-B27k and -B27w proteins [1].
A number of diseases are associated with certain HLA alleles. Of these asso-
ciations, the one linking the HLA-B27 alleles with ankylosing spondylitis is
the most pronounced. Several models have been presented over the past few
years to explain this fact. However, the lack of a proper model system to study
this HLA disease association has restricted the experimental basis for these
theories. Transgenic mice may provide us with a better defined model system
to study the immunobiology of HLA-B27 and - together with biochemical
analysis of the HLA-B27 gene product - may give us better insight in HLA
disease association.

In the analysis of transfection experiments involving human Class I genes
we have developed reagents that are capable of reacting with Class I heavy
chain even after full denaturation and hence they can be used in Western blots
[2,4]. Moreover these reagents possess excellent locus specificity [4, Stam &
Ploegh, unpublished). Because Western blotting performed in IEF gels will
resolve most of the commonly occurring HLA Class I heavy chains, applica-
tion of this technology to clinical or forensic problems deserves consideration.

Transfection of mouse cells with the HLA-B27k or -B27w gene does not
result in any surface expression of the HLA heavy chain as detected by FACS
analysis using the monoclonal antibody W6/32, reactive with human heavy
chain associated with the HLA light chain, 3-2-microglobulin [5]. This is in
contrast to transfection experiments with the genes for HLA-B7 or -A2,
where HLA-B7 or -A2 heavy chains are expressed on the cell surface of the
transfected mouse cells associated with murine 32M (mB32M) as detected
with W6/32 [6]. The level of expression of HLA on these transfectants is com-
parable to the level of expression on human B lymphoblastoid cell lines. The
HLA-B27 transfectants do express HLA heavy chain intracellulary, as indi-
cated by immunoprecipitations of metabolically labelled proteins with mono-
clonal antibody HC-10, reactive with the human free heavy chain [4]. This
pool of free HLA-B27 heavy chain is not sialylated and is endo-H sensitive,
indicative of accumulation of the protein in the pre-Golgi stage of biosyn-
thesis. Transfected cells having received both the HLA-B27k and the -A2 gene
further confirmed this clear difference in biochemical behaviour of both pro-
teins: HLA-A2 is expressed at the cell surface, HLA-B27k is arrested intra-
cellularly. HLA-B7 and -B27 are identical in aminoacid sequence of their a3
domain down to their carboxy terminus. Differences in mB32M binding
capacity therefore must be contributed by the 2 domain. Exon shuffling
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Figure 1. The three-dimensional structure of the HLA-A2 antigen.

Figure 14. The three-dimensional structure of HLA-A2 as determined by X-ray
crystallography [7].
The folding pattern of the polypeptide backbone reveals the heavy and light chains,
where the light chain (beta,-microglobulin) is visible in the lower left. At the
top of the molecule the two alpha-helices that are crucial for the presentation
of antigen to cytotoxic T cells are visible.
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Figure 1. 'The three-dimensional structure of the HLA-A2 antigen.

Figure 1B, A top view of the antigen-binding site on HLA-A2.
The two alpha-helices present in the HLA-A2 structure are more clearly visible in
this top view. The two alpha helices are contributed by the alpha-1 and alpha-2
domains. They are supported by eight strands of beta sheet, likewise contributed by the
alpha-1 and -2 domains. Antigen is thought to bind in the cleft formed by the alpha-
helices. From the structure it may be deduced that T cells will recognize short pep-
tides that fit in the cleft, rather than the intact antigen from which they are derived.
These figures have been redrawn from [7].

experiments have confirmed this notion [Hochstenbach et al, personal com-
munication), in agreement with the recently published 3-D structure of the
HLA-A2 protein [7] (Figure 1).

To overcome the lack of surface expression of HLA-B27 in mouse transfect-
ed cell lines, we have cloned the gene encoding the human $-2-microglobulin
(h32M) as well and used this gene in a second round of transfection on the
HLA-B27 transfected mouse cells [8]. Normal surface expression of HLA-
B27 is the result, with human 82M as light chain. There is thus a striking
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resemblance with the situation in the human line DAUDI, where no heavy
chain is detectable on the cell surface due to a mutation in the 32M gene,
resulting in a defective mRNA and the inability to synthesize h32M protein.
Association of the heavy chain with a light chain (human or murine) thus
appears necessary for cell surface expression. Inability to form the complex
results in absence of surface expression of human class I antigens. The double
transfected cells (having received both HLA-B27 and hfB2M) express a
correctly assembled protein, having hB2M as light chain as shown by
immunoprecipitations with W6/32. The heavy chain is sialylated and endo-H
resistant. FACS data fully substantiate the surface expression of HLA-B27.
On the basis of the results with the HLA-B27 gene in transfection experi-
ments we can make a clear prediction: in order to obtain expression of HLA-
B27 in a transgenic mouse model, both human subunits will be required to
produce authentic HLA-B27. Only by introducing both the HLA-B27 gene
and the hB2M gene in the germline can we expect to obtain HLA-B27 ex-
pressing transgenic mice.

To study the in-vivo properties of HLA-B27k, the pl6 plasmid containing
the HLA-B27k gene was microinjected into fertilized eggs of (CBAxC57B1/
LiA) mice to generate transgenic mice [8]. The offspring shown to have incor-
porated the gene, as indicated by Southern blot analysis of genomic mouse
DNA, was analyzed for transcription of the gene and expression of the human
heavy chain. Of 12 mice transgenic for HLA-B27k all 12 were shown to pro-
duce the correct mRNA and, intracellulary, the heavy chain protein.

In addition a second set of transgenic mice was generated, with an identical
murine background, using the human (3-2-microglobulin gene containing
plasmid pB32m-13. Southern blot analysis indicated 12 mice to have incor-
porated the h32M gene [9] in their genome. However, only 2 of these appeared
to produce the appropriate mRNA and to express the h32M protein, prob-
ably due to the presence of bacterial vector sequences flanking the
microinjected gene. These sequences are not present in the microinjected
HLA-B27k gene.

On crossing an HLA-B27k positive mouse with a transgenic expressing
hB2M, offspring was produced of which some individuals were positive for
both human genes. Immunoprecipitations and FACS analysis show the obli-
gatory requirement of h32M for HLLA-B27k expression, in concordance with
the data of the transfection experiments. Mice transgenic for h32M only do
express the human light chain on splenocytes, associated with certain murine
H-2 heavy chains. These H-2 class I heavy chains were not characterized
further. On splenocytes of mice transgenic for both HLA-B27k and h32M
(double transgenic mice, dTGM) a level of HLA class I expression compar-
able with the level of expression found on human EBV transformed B cell
lines was seen.

Human alloreactive CTL raised against human HLA-B27k expressing
cells are able to specifically lyse dTGM splenocytes, indicating the expressed
human class I molecule indeed to be conformationally identical to the HLA-
B27k molecule as expressed on human cells. In order to analyse the in vivo
function of the HLA-B27k/h32M complex, the ability of the dTGM to raise
HLA-B27k restricted CTL was studied. After in vivo priming with either
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Sendai virus or influenza A/X79, the ability of dTGM splenocytes to lyse
virus coated (Sendai) or virus infected (influenza) autologous cells or human
HLA-B27k or -B27w positive cells was measured in a chromium release assay.
HLA-B27 negative human lymphocytes served as control [10]. The results
indicate that the murine T cell repertoire is capable of specifying HLA-B27k
restricted CTL, and antigen can be presented in the context of HLA-B27k
in these transgenic mice. This antigen restriction is HLA-B27k specific:
HLA-B27w, another HLLA-B27 subtype, does not serve as restriction element.
This ability to discriminate between HLA-B27 subtypes differing in only 3
aminoacids accurately reflects the situation observed in the human system.

In conclusion, the HLA-B27k transgenic mice offer a suitable model
system for in vivo HLA studies. Association of the HLA-B27 heavy chain with
murine 32M appears insignificant, and in dTGM the presence of h32M pre-
vents the formation of such hybrid molecules: none were detectable with the
w6/32 antibody. The use of these transgenics in disease association studies
now focusses on the immunological effects of expression of HLA-B27k:
dTGM are tolerant for HLA-B27k and h32M, thereby possibly also creating
other ‘holes’ in the T cell repertoire, as well as the mode of presentation of
specific antigen by HLA-B27k molecules, resulting in a HLA-B27k restricted
murine T cell response. It remains to be seen whether a challenge with arthrito-
genic micro-organisms will result in ankylosing spondylitis-like symptoms in
HLA-B27 transgenic mice.
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BIOTECHNOLOGY IN THE DEVELOPMENT OF
HIV DIAGNOSTIC PROCEDURES

Ch. Rouzioux

Since the discovery of HIV as the etiological agent of AIDS, a large number
of diagnostic procedures has been developed to detect the different markers
of HIV infection. The severity of the disease and the psychological con-
sequences for the patient explain the absolute need of high reliability for anti-
body detection procedures, i.e. good specificity and sensitivity.

The screening for HIV positive subjects in done by ELISA (enzyme-
linked-immunosorbent-assay). In the first generation tests, the viral antigens
are prepared from supernatants of HIV infected cells. This raises the problem
of contamination with cellular proteins, and false positive results should be
avoided by including a cellular control antigen. The second generation ELISA
tests are performed with rDNA proteins corresponding to core and env anti-
gens of the virus. Some of the tests are built as competitive assay and the anti-
gen is fixed by means of prefixed monoclonal antibodies. These tests present
a very good sensitivity and are useful for the detection of HIV low positive
sera, particularly to detect low antibody titers during the development of
AIDS. They are also necessary for the detection of low positive sera during
HIV seroconversion [1,2].

Although those 2nd generation ELISA tests are very sensitive but not
entirely specific, the Western blot analysis appears to be essential to confirm
all true positive results. This technology is highly sensitive and specific, allow-
ing the characterization of antibodies specifically directed against various
viral proteins. All sera containing antibodies against envelope proteins must
be considered positive. That is the reason why it is crucial that the nitrocellu-
lose sheets contain a good variety of those envelope proteins (GP41, GP110,
GP160).

In France, different evaluations of HIV-Ab techniques have been con-
ducted by the retrovirus group of the French National Society of Blood Trans-
fusion. The specificity of the tests has been studied by evaluating the number
of false positive results (which are not confirmed by Western blot or radio-
immunoprecipitation) in a large group of negative blood donors. The sensi-
tivity has been studied by means of a panel of 13 selected sera (seroconver-
sion, low HIV-1 positive sera, HIV-2 positive sera and tricky sera: P-25 or
P18. The results show not only increased sensitivity and specificity for some
of the kits, but also show the capacity to detect specific antibodies for HIV-2
[3-3].
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HIV-2

HIV-2 is the second AIDS retrovirus. It was isolated in France in November
1985. It belongs to the same family, presents all the same biological and
pathological properties, but the proteins of HIV-2 differ from those of HIV-1
with 58% of homology for gag genes and 60% for pol genes. This virus is
clearly related to West Africa. Seroprevalence in France among blood donors
seems very low but the problem of HIV-2 exists. By means of HIV-1 serology;,
it has been possible to detect HIV-2 positive sera confirmed with specific
HIV-2 Western blot: 12 HIV-2 blood donors have been detected in different
parts fo France since January 1986. For all of them a link with West Africa
has been clearly demonstrated [6].

HIV-2 epidemiology presents a different pattern from that of HIV-1. A study
has started in France in order to evaluate the prevalence of HIV-2 among
blood donors and eventually to determine whether or not it is necessary to
systematically screen for HIV-2 antibodies.

HIV-1 antigen detection

Another concern for blood banks appears with the development of the tech-
nology of HIV-1 antigen detection. In those tests HIV-1 antigens are detected
by immunocapture assay using monoclonal or polyclonal antibodies. This test
is able to detect viral antigens before the appearance of antibodies. So it could
be possible to detect infectious persons among negative blood donors. This
test seems to be a good marker for viral replication and may be very useful
for therapeutic evaluations of antiviral drugs.

The techniques of detection of HIV markers have gained the benefit from
recent developments in biotechnology. Moreover they have been developed in
a very short time with good sensitivity and specificity [7].

In conclusion a large panel of biotechnology for HIV diagnostics is avail-
able: ELISA tests are very useful to quantify HIV antibodies; Western blot
analysis permits to characterize them and HIV-1 antigen detection is impor-
tant for thereapeutic follow-up and detection of seroconversion.

For blood banks, the risk of transfusion is not entirely solved with HIV-1
screening. The problems of HIV-1 Ag, HIV-2 and even of HTLV-1 remain,
if blood donors are not well selected or well informed. This raises the question
of the development of new biotechnologies in order to detect infected patients
and ‘putative’ infectious blood donors (window phase). These methods would
improve the safety of blood products. However, at the present time informa-
tion about AIDS is most essential to prevent HIV dissemination.
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BIOTECHNOLOGY AND THE DEVELOPMENT OF HBV
DIAGNOSTIC PROCEDURES

PE. Highfield

This presentation describes how biotechnology has been applied to the
diagnosis of hepatitis B virus (HBV) infection. Infection with HBV usually
leads to an acute liver disease followed by clearance of the virus and the estab-
lishment of immunity during the subsequent convalescent phase. Occasionally
the acute infection can be asymptomatic. In a proportion of cases (about 10%
in the West, higher in certain ethnic groups) the infection does not resolve and
the individual may become a virus carrier with or without chronic symptoms.
Carriers may suffer from progressive liver damage and go on to develop
hepatocellular carcinoma. It is thought that there are 200 million such HBV
carriers in the world [1]. Clearly, this important public health problem needs
good diagnostic tests for a number of reasons. Firstly, blood donations must
be screened to identify those which are potentially infectious and so prevent
transfusion associated infection. Secondly the proper management of a
patient can depend upon correct diagnosis of the course of infection. Finally
it is becoming increasingly important to assess both the effect of chemother-
apy on HBV carriers and also the efficacy of vaccination programmes.

The infectious virus particle was first described by Dane and colleagues [2]
and is known as the Dane particle. This virion is 42nm in diameter and con-
sists of a lipid envelope surrounding a nucleoprotein core which contains the
genetic information of the virus, a partially double-stranded DNA molecule.
The envelope contains the viral surface antigen (HBsAg) embedded in a lipid
membrane derived from the host cell. The nucleocapsid is a regular array of
multiple copies of a single polypeptide, encoded by the core gene, and this
structure has the core antigen (HBcAg) activity. Another important viral
antigen is the so-called e-antigen (HBeAg) which can be derived by disaggrega-
tion of the core particles by proteolysis or detergent treatment. The viral
polymerase is attached to the DNA within the core and is used to replicate
the viral genome in the infected cell.

The major markers of HBV infection are HBsAg/anti-HBs, HBeAg/anti-
HBe and anti-HBc (both IgG and IgM). It is HBsAg which is important for
blood screening and any HBsAg-positive units are rejected. In clinical diag-
nosis the wider pattern of markers is used to determine the status and progno-
sis of a patient.

So far, an in vitro culture system has not been developed for HBV and this
is the overwhelming reason why biotechnology has had such an impact not
only on the study of HBV but also on the diagnostic tests available. HBV
infects only man and chimpanzees and the latter are neither a convenient nor
economically-viable animal model. This has greatly hampered research and
also limited the reagents available for diagnostic testing because infected, and
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possibly infectious, body tissues and fluids are the starting points for pre-
paring antigens and antibodies. This is obviously unsatisfactory because the
supply of reagents is unreliable and batch-to-batch variation occurs, in addi-
tion to the containment required for handling large amounts of potentially
infectious material. The discovery of human retroviruses, which affect pre-
dominantly the same risk groups as HBV, only highlights the problem.

It is not the intention to describe the techniques of gene cloning or mono-
clonal antiboy production because they are dealt with in other chapters.
Given the problems of using conventional techniques to study HBV 1t is not
surprising that this was one of the first virus sequences to be cloned [3-7]. The
genomes of a number of different HBV serotypes have been cloned, sequenced
and various gene products expressed [8-11]. Monoclonal antibodies to par-
ticular HBV antigens have been produced by immunization with whole virus
preparations, purified virion proteins or recombinant proteins. High-titre
polyclonal antibodies have been produced using purified proteins. How have
these reagents been used in diagnostic testing for HBV infection?

The primary screening test for HBV infection is to measure the HBsAg
present in serum. Since their introduction in the early 1960s, when the
marker was called Australia Antigen, HBsAg tests have developed from a
relatively insensitive immunodiffusion assay through hemagglutination and
on to radioimmunoassays (RIA) of great sensitivity. Enzyme-linked immuno-
assays are now available which are equally as sensitive but are more con-
venient than the RIAs.

In all honesty the improvements made to the speed, sensitivity and con-
venience of HBsAg tests have not depended upon the biotechnological tech-
niques mentioned above. There are a number of reasons for this. Firstly the
need to reduce transfusion associated hepatitis provided a tremendous
impetus for the development of improved HBsAg tests. Secondly, high-titre
HBsAg and anti-HBs positive individuals can be found and these provide an
accessible source of reagents. Purified HBsAg can be used to raise high-titre
anti-HBs antisera in a variety of animals. It i1s the availability of these
reagents combined with continuing technical developments which have
improved the HBsAg immunoassay. A point has been reached where any
increase in sensitivity would not noticeably increase the detection of positive
samples because so few donors present with HBsAg levels below the detection
limit of current assays (about 1 ng/ml). Future developments will be con-
cerned with improved specificity, speed and convenience. For example mono-
clonal antibodies are used in current HBsAg assays because the solid phase,
sample and conjugate can be incubated simultaneously which reduces the
total assay time.

For other markers such as anti-HBc and HBeAg/anti-HBe the situation is
rather different. The reagents needed for these tests are much harder to
obtain conventionally; e.g. HBeAg is a marker for highly-infectious serum
and HBcAg is obtained from infected livers. The production of monoclonal
antibodies (MAB) specific for HBcAg and HBeAg and the expression of these
antigens by recombinant techniques has changed the situation entirely. New
types of assays for these markers are now possible.
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Figure 1. HBeAg/anti-HBe assays. HBeAg: Monoclonal antibody is coated onto a
solid support and incubated with the samples in the presence of a second monoclonal
antibody which is conjugated with horseradish peroxidase. If HBeAg is present in the
sample then the conjugate will be bound to the solid support and a coloured reaction
product will result when TMB (3,3',5,5 tetramethylbenzidine) substrate is added. If
the sample is HBeAg-negative then the conjugate will be removed at the washing step
and no colour will be produced. Anti-HBe: The solid phase is incubated with the
sample in the presence of both conjugate and recombinant HBeAg (neutralizing anti-
gen). If the sample is anti-HBe-positive then there will be competition for binding
to the added HBeAg and there will be little to no colour development. For an anti-
HBe-negative sample the conjugate will bind to the HBeAg and colour will develope.
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Figure 2. Anti-Hbc IgM assay. Monoclonal anti-human IgM is coated onto a solid
support and incubated with the sample. The sample IgM is captured onto the
support and washed to remove other Ig. Recombinant HBcAg, conjugated with
horseradish peroxidase, is added and anti-HBc IgM-positive samples will capture the
conjugate onto the solid phase. Colour will develop when TMB substrate is added.

Figure 1 outlines assays for HBeAg and anti-HBe which use monoclonals
specific for different epitopes on HBeAg and HBeAg purified from a recom-
binant E. coli strain. The solid phase is coated with MAB and any HBeAg
present is bound to the surface. A different MAB, conjugated with horse-
radish peroxidase, can react with the captured HBeAg to give a positive
signal. If the same reaction contains a fixed amount of added recombinant
HBeAg then anti-HBe antibodies are detected by competition with the con-
jugated MAB for binding to the HBeAg. These assays can be completed in
as little as 2-2.5 hours especially if elevated incubation temperatures are used.

Figure 2 outlines an assay for anti-HBc IgM which uses monoclonal anti-
human IgM and recombinant HBcAg conjugated with horseradish per-
oxidase. IgM in the sample is captured onto the solid phase and any anti-HBc
specific antibody is detected by binding the conjugated HBeAg. This type of
assay can be completed in 2.5 hours at room temperature.

Now that many of the constraints have been removed, our understanding
of HBV has expanded greatly in the last few years. In particular the discovery
of similar viruses (hepadna viruses) in ground squirrels, woodchucks and
Pekin ducks (GSHV, WHYV and DHYV respectively) has lead to the develop-
ment of alternative animal model systems which now allow us to study the
biology of hepadna virus infection. Diagnostically, the most significant
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observations to come out of the work on both the human and animal viruses
are that the viral proteins expressed during infection are more varied than at
first thought and that all these proteins can provoke an immune response in
at least some individuals. The importance of these markers will become clear
in the next few years as their significance is assessed. Figure 3 mentions the
more important ones.

NEW HBV MARKERS

pre—S4/Sy Antibodies may be significant for
virus neutralization and clearance

gene X Unknown significance

DNA Marker for the HBV genome

Figure 3. The pre-S1 and pre-52 antigens are the protein coding regions found pre-
ceding the part of the surface antigen gene which encodes HBsAg. It has been shown
that these sequences can be expressed during infection and can be found on HBsAg
particles. The X gene is an open reading frame found in all HBV serotypes and
which has an equivalent region in other hepadna viruses but has no known function
in the virus life-cycle. Antibodies to the potential gene product have been detected
in some individuals. The use of DNA probes permits the direct detection of the viral
genome rather than using inferential markers (HBsAg or HBeAg).

Responsiveness to the pre-SI and pre-S2 regions of HBsAg may determine
the outcome of an infection, so anti-pre-S1/2 could become an important
clinical marker(s). Indeed a great deal of effort is going into the development
of vaccines which contain these immunogens. Whilst it is clear that vaccines
containing only HBsAg can induce protective immunity in the majority of
recipients, there are a number of so-called non-responders. Work in mice
suggests that pre-S epitopes improve the response to HBsAg epitopes, so these
non-responders might need a vaccine formulation which contains both pre-S
and S epitopes. So measurement of the anti-pre-S response could also be
important in assessing the efficacy of a vaccination regime.

The use of DNA probes to detect HBV DNA in serum samples has been
widely used in research over the last few years [12-14]. It has been shown that
the usual markers for infectivity such as HBsAg and HBeAg do not always
correlate with the presence of HBV DNA and, by implication, infectious
virus [15-17]. However I do not envisage a DNA probe test becoming a
screening assay for HBV infection. In part this is because, with the methodol-
ogy currently available, the assays would take too long to perform. However
the major reason is that the current screening tests have been effective in pro-
tecting the blood supply and it is difficult to see what advantage it would be
to know that a donation was HBV DNA-positive rather than HBsAg-positive.
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DNA probe assays will find, indeed have already found, a niche in monitor-
ing the effect of chemotherapy on chronic carriers [18,19]. The more, indirect
markers (HBsAg, HBeAg) often show a delayed response to antiviral treat-
ment and active viral replication can be eliminated before these markers are
reduced. In an even more specialised approach, probes can be used to
examine the state of the HBV DNA in the infected hepatocytes, or other cell
types, by Southern blotting. This technique can determine whether or not the
viral sequences are integrated into the genome and whether active replication
is occurring.

The importance of other markers such as the X protein is more speculative.
This protein may be involved in regulation of HBV DNA expression in
infected cells and so measuring the amount of HBxAg or anti-HBx may prove
to be a marker for progression to liver damage and long-term prognosis [20,21].

Developing tests for all these new markers would have been very difficult
if not impossible using conventional techniques. Indeed the pre-S and X anti-
gens were unknown before the cloning, sequencing and expression of the
HBV genome. These new findings have confirmed that HBV is a complex
entity and it uses its rather frugal genetic information to produce a variety
of proteins. It is possible to glimpse how the virus can be responsible for a
range of disease conditions depending upon the interaction of these various
proteins with the host.

The delta agent has been shown to be a defective virus (hepatitis delta virus,
HDV) which uses HBV as its helper. Co-infection with HDV increases the
severity of HBV associated disease in either the chronic or acute phases. As
with HBV, the lack of a suitable culture system has hampered basic research
on the virus and the development of good diagnostic tests. Recently the HDV
genome has been cloned and it is now known that it consists of a single-
stranded circular RNA approximately 1700 bases long [22]. Examination of
the genomic sequence shows that there are a number of potential open read-
ing frames (ORFs) which might code for the proteins of HDV. In particular,
at least one ORF has been shown to encode a protein which can be recog-
nised by sera from HDV-infected individuals. Clearly there will soon be one
or more HDV-specific antigens available which could form the basis of diag-
nostic tests for HDV infection. This will represent a much more satisfactory
source of material than infected serum.

To sum up then, the use of monoclonal antibodies, recombinant antigens and
cloned DNA has changed the nature of the assays for viral hepatitis markers
and increased the range of markers which can be monitored. This has been
less noticeable for HBsAg testing because in this test conventional techniques
have already been pushed to the limit. The major impact of these new tests
will be for clinical diagnosis rather than blood screening except for HDV
where improved screening tests should soon be available.
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MONOCLONAL ANTIBODIES IN BLOOD COAGULATION

CV. Prowse

In the last eight years, a considerable investment of time and money has led
to the development of monoclonal antibodies (MAB) to most of the proteins
involved in hemostasis. Table I lists some of these together with selected
references. In the main, these reagents were developed in research labora-
tories as tools for the investigation of molecular structure and function. The
availability of commercial reagents or MAB-based assay kits is still in its
infancy compared, for example, to the situation in the field of hormone
assays.

Table 1. Specificity of some monoclonal antibodies to hemostatic proteins.

Factor XII [3,4] Protein C [29,30]

Factor XI [5,6] Protein S [31]

High molecular weight kininogen [7]  Protein Z [32];
Thrombomodulin [33]

Factor IX [8,9,10,11] C4-binding protein [34]

Factor VIII [1];

Von Willebrand factor [1] Antithrombin IIT [35]

Factor X [12] Antiplasmin [36,37,38]

Factor V [13,14] Antitrypsin [39]

Prothrombin [15,16] Plasminogen activator inhibitors [40,41]
Fibrinogen [17,18] Tissue plasminogen activator [42,43]
Tissue factor [19] Urokinase [44,45]

Factor VII [20] Plasminogen [37,46,47,48]

Fibrin [21,22,23] Fibrin degradation products [49,50,51]
Factor XIII [24] Cl-inhibitor [52]

Fibronectin [25,26,27] Thrombospondin [53,54]

Thrombin [28] Platelet factor 4 [55]

Antibodies or antisera have been used for many years in the study of
hemostasis. MAB offer the potential advantage of precise specificity and the
ability to repeatedly make large quantities of the reagent. Given these proper-
ties, a number of applications of MAB in the study of hemostasis may be con-
sidered apart from the fundamental investigation of structure and function
mentioned above. These include their use in various forms of immunoassay
and chromatographic procedures designed to purify or remove materials from
complex mixtures, as well as their potential use as direct inhibitors of
molecular function or as therapeutic agents. In this survey, which is not a
comprehensive review, examples will be given for each of these potential
applications in the field of human hemostasis. Where the appropriate



92

reagents are commercially available, this will be indicated. It should be noted
that, while MAB offer advantages for some applications, polyclonal reagents
may be preferable for others.

Structure - function relationships

Perhaps best the example of this has been the investigations performed on Von
Willebrand factor (vWf). There are a large number of MAB described that
react with this protein [1]. Amongst these are ones that inhibit the reaction
between platelet glycoprotein Ib (GP.Ib) and vWf in the presence of ristocetin,
between collagen and vWf, between GP.IIb/Illa on activated platelets and
vWf and between the adhesion of platelets to sub-endothelial components at
high shear as well as MAB that prolong the bleeding time when given to
animals. Use of MAB unequivocally demonstrates that such activities are due
to vVWF and further allow the assignment of functional sites within the
molecule. This has been done for vWf and other molecules by assessing the
binding of molecular fragments to MAB with defined inhibitory activities.
Figure 1 summarizes the results of such studies for vWf. Furthermore, by per-
forming competition-binding studies between such MAB, an epitope map
giving some idea of the three-dimensional relationships between various
binding/activity sites may be obtained [2].

VON WILLEBRAND FACTOR: FUNCTIONAL SITES
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Figure 1. Structure-function of Von Willebrand factor.
A, B, C and D refer to internal sequence homologies within the vWf subunit. The
multimeric, antiparallel arrangement of subunits is denoted by fragments of the
adjacent subunits. Functional sites within the subunit for interaction with Factor VIII,

heparin, GP.Ib, collagen and GPIIb/IlIa are indicated.
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Other examples of such studies include the confirmation of platelet mem-
brane glycoprotein involvement in congenital [56,57] or acquired immune de-
fictency diseases [58] as well as attempts to demonstrate their involvement in
the storage defect of platelets which develops during blood component storage
[59]. While such studies are fundamental to our understanding of the mecha-
nics of hemostasis, their routine application is likely to be indirect and to in-
volve one of the following techniques.

Immunoassays

Classically, most immunoassays using animal antisera have used limiting
amounts of antibody and relied on competition between the antigen of interest
and small amounts of pure labelled antigen e.g. radioimmunoassay. This has
recently become less true with the increasing use of enzyme-linked immuno-
assays (ELISA). While competitive assays have been described [38,60] in view
of their availability in large amounts as pure preparations MAB are usually
better suited to assays in which excess labelled antibody is used e.g. ELISA
or immunoradiometric assays (IRMA).

Currently most such assays are performed in multiwell microtitre trays or
plastic beads are employed and the sandwich principle is used in which one
antibody is used to capture the antigen and a second (labelled) non-
crossreactive antibody is used to detect the antigen. If the antigen exhibits
polymorphism, the use of MAB may be disadvantageous if the antibody does
not bind all forms of the molecule and if the assay is designed to detect the
total amount of antigen present. This has been observed, for example, by
Thompson, when comparing the use of polyclonal and monoclonal antibodies
in the assay of Factor IX [61] and has led to the use of cocktails of MABs e.g.
in IRMAs for Factor VIIIC:Ag [62] and urokinase (u-PA) [45] and in the
Western blotting of partially degraded vWf [63]. Such restricted specificity
can be turned to advantage; it is in such applications that MAB have a true
advantage over conventional reagents.

Figure 2 schematically represents some of these applications. For total anti-
gen assays, MAB really only have an advantage where it is very difficult to
obtain pure antigen. With the increasing difficulty of obtaining human anti-
body to Factor VIIIC:Ag that can be guaranteed non-infective and given the
low immunogenicity of this protein in animals, a MAB based assay for Factor
VIIIC:Ag may represent one such application. Such assays have been de-
scribed by Vermeer et al [62] and Rotblat et al [64] but they have yet to be
developed for or assessed in routine use.

Assays which detect only certain forms of an antigen (Figure 2B) are exem-
plified by ones detecting Factor IX types that do or do not bind calcium [65]
or discriminate between the position 148 threonine and alanine molecular
forms [11,66,67] and assays that only detect the active form of tissue-type
plasminogen activator (t-PA) [43,68]. These have potential applciations in
determining the extent of Factor IX carboxylation e.g. during coumarin ther-
apy or in monitoring cell cultures, as an alternative to gene probing in the
diagnosis of hemophilia B and in monitoring fibrinolytic therapy.
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Figure 2. Possible variants of 2-site antibody assays.
A. Iotal antigen assay. D. Assay to detect neoantigens.
B. Assay to detect only one form of a E. Bioimmunoassay.
polymorphic antigen. F. Probing of active site with labelled
C. Detection of bimolecular complex. inhibitor.

A somewhat different application is in detecting antigens that are only
formed during the activation, degradation or complexing of the parent
molecule (neoantigens, Figure 2D). Assays developed on this basis, such as
that described by Whitaker et al [69], which allows detection of the fibrin
degradation product D-dimer in plasma since it is insensitive to the parent
fibrinogen, represent one of the few applications for which a commercially
MAB-based kit is available. An alternative approach for the assays of com-
plexes, e.g. between enzyme and inhibitor, is to use a sandwich in which the
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two antibodies are directed to the two separate components of the complex
(Figure 2C). Holvoet et al [47] have described such an assay for plasmin-
antiplasmin complexes.

Lastly, MAB which are not inhibitory may be used to remove proteins
from complex mixtures without affecting their activity. The bound active
molecule may then be detected directly by the addition of the appropriate
substrate as in the bioimmunoassays described for t-PA [70], u-PA [71] or
Factor VIII [72] (Figure 2E). Alternatively, the active moiety may be detected
indirectly (Figure 2F) as in the IRMA for vWf, which corresponds to the
ristocetin cofactor activity [73] or the assay of Factor IXa, which makes use
of radiolabelled antithrombin as an active site probe [74]. Combination
assays are also possible, such as that described by Wotja et al [75], in which
t-PA is captured and its activity and antigen contents determined sequential-
ly, thereby allowing the determination of active and inactive forms of t-PA in
the same sample.

Few of the assays described above have been used on a routine basis; nor
is the development of more sensitive and faster assays, based on the use of
fluorescent labels, fluid phase reactions or immobilization on latex particles
[20] in place of plastic microtrays or large beads, likely to improve this situ-
ation. However other assays which make use of MAB for probing, such as
the blotting of electrophoretically separated proteins or the immuno histo-
logical staining of tissues, may be more readily adopted in routine diagnostic
and laboratory procedures. Examples of these include the staining of electro-
phoretically separated vWf multimers or protein degradation products in the
diagnosis of Von Willebrand’s disease [63,76], the staining of t-PA, vWf and
Factor VIII in cultured cells or tissue sections [44,77,78] and the Western
blotting Factor VIII as part of the characterization of therapeutic Factor VIII
concentrates [79].

While MAB-based immunoassay kits for hemostatic proteins have yet to
be developed commercially in any number (assays for fibrin D-dimer and
plasminogen activator inhibitor 1 are available), a range of MAB is available,
either as ascites or purified immunoglobulins, from most of the established
immunological reagent suppliers (e.g. Atlantic Antibodies, American Diag-
nostics, Cappel Laboratories, Dako, Hybritech, Seralab, Serotec, etc.) as well
as a number of more specialized suppliers (e.g. Australian Monoclonal Anti-
body Development, Bioclone Australia, Biopool, Bioscot, MAbCo, Mono-
zyme, Porton Products, Scottish Antibody Production Unit, etc.).

Purification and depletion

The use of MAB to purify human Factors VIII [80,81] and V [82] has been
an essential step in the isolation and subsequent sequencing and cloning of
these two labile proteins. Corresponding processes have been described for
other hemostatic proteins (Table 2), one of the more interesting being that
from Dr. Mann’s group, in which sequential chromatography on 5 distinct
MAB columns allows the isolation of the whole range of vitamin K-dependent
coagulation factors from the barium citrate eluate of human plasma [83].
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Table 2. Some hemostatic proteins purified by monoclonal antibody immuno-
chromatography.

Factor VIII [80,81,84,85,86,87]

Factor V [82]

Vitamin K dependent Factors (II, VII, IX, X, C, S)
[12,20,30,31,83,88,89,90,91,92]

Plasminogen activators (t-PA and u-PA) [93,94,95,96]
Factor XI [5,97]

Factor XII [3,4]

C.linhibitor [52]

Plasminogen activator inhibitor [40,98,99]

Factor 1X [83,88,100,101]

Tissue factor [19]

Factor XIII [24]

Plasminogen [48]

In most instances, elution requires chaotropic eluants or buffers of extreme
pH. Ethylene glycol is often a constituent of elution buffers. Elution under
milder conditions is obviously preferable, but it requires either a large
amount of luck or a great deal of forward planning in MAB selection.
Furthermore, the choice of coupling chemistry and support gel type may be
critical [87]. Calcium-dependent MAB allow purification (e.g. of Factor IX
[100]) by elution with EDTA, while the development of a pH-dependent anti-
body to vWf has enabled the isolation of both vWf and Factor VIII from
human plasma [86]. Alternatively, MAB to proteins which complex the pro-
tein of interest may be used to purify the latter by elution for the chromato-
graphic gel with buffers which disrupt either the antibody complex or the
internal protein: protein bonding within the complex. Thus, 0.25 M calcium
may be used to elute Factor VIII from an anti-vWTf gel loaded with vWf-Factor
VIII complex [80] or PA inhibitor complexed to t-PA purified using anti-t-PA

Table 3. Actual and potential therapeutic products obtained using monoclonal
antibodies.

Process Contains Antibody to Elution buffer
Hemofil M
(Hyland)* Factor VIII Factor VIII 50% ethylene glycol
Monoclate (Armour)* Factor VIII vWE 0.25 M calcium
[80
Iml]nunotech [86] Factor VIII/'VWE vWf Triethanolamine
pH 8.5
K Smith [100] Factor IX Factor IX EDTA
(Ca2+ dependent)
H Bessos [88] Factor IX Factor IX Ethylene glycol pH
10or7M
urea pH 7
M Einarrson [96] t-PA t-PA 3 M KSCN

* At clinical trial.
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[99]. Immobilized MAB have also been used to separate or concentrate pro-
tein C [102] and vWf [79] from interfering substances to allow their assay in
situations where this is not directly possible in plasma.

Some of these processes are now being applied to the production of ther-
apeutic products, two Factor VIII preparations being at clinical trial at
present (Table 3). Other processes that are potentially applicable to the pro-
duction of therapeutic products (Factor VIII, IX, t-PA) are also listed in
Table 3. Such products, which may be highly purified, have been claimed to
have clinical benefits in patient management e.g. in reducing the immuno-
suppressive effect of therapy in hemophiliacs [106], although the evidence for
this must at best be regarded as preliminary. More immediately, it seems like-
ly that many of the recombinant products that are currently being developed
in the area of hemostasis will be purified, at least initially, by MAB immuno-
affinity chromatography.

Depletion of human plasma by MAB immunoaffinity chromatography has
been described for a range of coagulation factors (Table 4); and plasmas
depleted of Factors VIII (+vWf), IX or VII are commercially available
(Table 5).

Table 4. Protein depletion of normal plasma using
monoclonal antibodies.

Factor VIII [103]
Factor IX [8]
Factor VII [89]
Fibronectin [104]
Factor XI [5]
Factor XII [3,4]
Protein C [103]

Table 5. Commercially available immunodepleted
plasmas.

Factor VIII and vWf depleted

Diagen/Porton products [103]
Mertz and Dade
Stago

Factor VIII depleted
Organon-Ieknika

Factor IX

Diagen/Porton products [8]
Organon-Ieknika

Factor VII
Diagen/Porton products
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Figure 3. Comparison of congenitally deficient and monoclonal antibody de-
pleted plasma in one-stage assays of coagulation factors.
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Such products are intended for use as substrates in the one-stage assay of
the corresponding factors and, as such, represent products based on MAB
technology that are available now and have an advantage (potentially less
infective and cheaper) than the established reagents. Comparison of con-
genitally deficient plasma with such depleted plasmas shows that they may be
used for assays of normal and patient plasmas and of therapeutic concentrates
[3,4,8,88,103]. Figure 3 shows some results from such a comparison of Factor
VIII/vWf and Factor IX depleted plasmas obtained in the author’s laboratory.
One preliminary report has indicated that congenitally deficient and Factor
VIII/vWf depleted plasmas might yield discrepant results for Factor VIII con-
centrates of very high purity and that this could be minimized by the addition
of pure vWf [107]. These observations require further study.

Miscellaneous and therapeutic applications

High affinity MAB to the active site region of enzymes or the active regions
of cofactors can rapidly inhibit their activity. Where simpler specific inhibitors
are unavailable, such MAB may be used to quench activity. This can be use-
ful in establishing the identity of proteins, such as those produced by recom-
binant technology, and in removing single proteins without interfering in the
assays of other hemostatic proteins. Thus MAB to the active site of t-PA have
been used in the anticoagulant for blood sampling during thrombolytic ther-
apy to quench t-PA without interference in the assay of other fibrinolytic
parameters [67,108].

An area of increasing interest in which MAB should prove useful tools is
the interaction between hemostatic proteins and cells. MAB have already
been used in the study of platelets by the technique of fluorescence-activated
cell sorting to show an increased exposure of alpha-granule membrane glyco-
protein during thrombin activation, but not during extracorporeal circula-
tion, which results in decreased surface exposure of GP.IIb/IIIa [109,110].
Direct MAB binding assays show a decreased exposure of platelet GP.IIb/IIIa
during passage through bubble oxygenators [111], an increased exposure of
Mr 53,000 platelet granule protein during bypass operations [121] and no
change in GP.Ib exposure during platelet concentrate storage [59]. Use of
MAB to hemostatic proteins in similar studies should provide useful data on
the distribution of coagulation factors on cells during the process of
hemostasis.

In the therapeutic arena, MAB may be of direct therapeutic benefit or be
used to target other therapeutic agents. Both approaches have been extensive-
ly studied in the cancer field, but only a few examples exist in hemostasis, and
these have yet to be applied in man. MAB, or their Fab fragments, have been
used to promote the binding of plasminogen activators to fibrin clots in vitro
[112,113] as well as to allow the location (imaging, after radiolabelling) of
thrombin in animal models [114]. Recent experiments by Coller et al [115]
suggest that, in animals, certain MAB to GPIIb/Illa may have a direct
antithrombotic effect, while the development of anti-idiotypic antibodies to
Factor VIII MAB has potential applications in the treatment of hemophiliacs
who have developed inhibitors to Factor VIII [116].
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Use of recombinant techniques has recently been used to locate the binding
site of MAB within the t-PA and Factor IX molecules by assessment of their
binding to fragments of the Factor IX molecule [117] or deletion mutants of
t-PA [118]. Inversion of this procedure to demonstrate the presence of selected
epitopes within recombinant or plasma-derived heat-treated proteins by their
ability to bind MAB [60,119,120] should prove useful in the characterization
of such products.

Conclusions

Since the author last reviewed this field [119], the main developments have
been in the development of bioimmunoassays, the MAB purification of thera-
peutic products and in the availablility of immunodepleted plasmas. While
these latter products are now a reality in the field of immunoassay, there has
been little development of commercial kits, although many more assay exam-
ples have been described, and hence of the possibility of their widespread use.
For the future, it seems likely that, in addition to further developments in the
above areas, the major new areas of MAB application will be in the study of
cellular interactions and recombinant products and, possibly, in the develop-
ment of direct therapeutic products.
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DISCUSSION

B. Habibi, C.Th. Smit Sibinga

T.] Hamblin (Bournemouth): Dr Ploegh, these transgenic mice were specifically
unable to produce antibodies against human proteins, because you used an
HLA gene. No other gene would have done that. So it had to be an HLA
gene that you transfected to the mouse. Is that right?

H_J. Ploeg (Amsterdam): The aim is to render these mice tolerant to most of the
epitopes commonly seen when you immunize a mouse with a human histo-
compatibility antigen. So, although we have not been able to produce mono-
clonal antibodies yet from such transgenic mice, I think the results we have
got at the cellular level show that these mice indeed are tolerant to the product
of these transgenes. So that sets the stage for using these mice to produce
allospecific typing reagents.

T.J. Hamblin: Is that simply because they are expressing the human antigen
or is it because the human antigen is functional on the mouse lymphocyte?

H_J. Ploegh: In order to be able to make reagents that would resemble typing
reagents as used in HLA typing, our premise is that these antigens have to
be present in the mouse, in the germline and expressed at the appropriate
stages of development in the tissues where you normally find them. This is
something that we are currently investigating and it would seem as if the
regulation of expression of these genes in these mice resembles very much
what you find for the endogenous histocompatibility antigens of the mouse
and what you find for human antigens in man.

T.J. Hamblin: Supposing you wanted to make a mouse tolerant of an antigen
present on human liver, could you just stick that gene in and expect the same
thing to happen or is it something that is particular significant about HLA?

H_J. Ploegh: No, my prediction would be that that would work for any antigen
or any molecule that you introduce into the germline of mice through this
technique, provided that the site of expression and the mode of expression
roughly resembles that which you would expect in the mouse proteins. So, if
you would make a mouse transgenic for human albumin and you would
introduce this gene with the appropriate elements that control its expression
then you could predict that a mouse would result producing human albumin
in addition to mouse albumin. This mouse should thus no longer be able to
alloimmune respond against that protein.

C.Th. Smit Sibinga (Groningen): The presentation of Dr Messeter gave us an
idea of how the structure of the different monoclonal antibodies differ. The
specificity in the binding therefore discloses different phenotypes of blood-
groups. How does that relate to the presentation of Dr Voak, wherehe
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illustrated that the use of monoclonal antibodies for the typing of ABO
groups showed a variety of antigens specifically in the A group. Could we
define this a little further?

L. Messeter (Lund): 1 think it relates very well to what Dr Voak said in his pre-
sentation, and also to what has been evident particularly after the recent
workshop on monoclonal antibodies in Paris that was referred to* In this
workshop were investigated large numbers of anti-A’s and anti-B’s. It could
be demonstrated by immunochemical means by Dr Oriol and his group that
these antibodies see very specific epitopes, which are or are not represented
on different types of red cells. I think that this will really lead to a much better
understanding of particularly the weak phenotypes of the red blood cells.

C.Th. Smit Sibinga: Dr Voak could you comment on that?

D, Voak (Cambridge): We are on the limits of what is known and the work is
very difficult. Dr Oriol was the only one who had the opportunity of studying
the substances prepared. This was rather a pity for the workshop, because
nobody was able to compare opinions of different laboratories on data. Of-
course there are limitations in interpretations made with isolated substances
compared to red cell serology, became you have the distributions of epitopes
and the limitations of the red cell structure making cross-reference I think
rather tentative.

L. Messeter: To some degree there was a possibility to make comparison. Dr
Oriol’s substances were synthetic structures. We had used a couple of natural
structures isolated from red blood cells or tissues in the form of sugars or
glycolipids. In many instances the reactions were the same, as those obtained
by Dr Oriol, but in other instances there was a difference indicating that an
antibody might easier recognize a glycolipid than a glycoprotein or anisolated
sugar, and that, of course, is important to bloodgrouping.

C.Th. Smit Sibinga: That would indeed improve the sensitivity of the tests.

L. Messeter: Not only sensitivity, but our understanding. The clarification of
what these antigens actually are would help us in typing of the weak groups.

D. Voak: Can I make a practical point? The academic research is just getting
underway, but if we talk about things like the B(A) phenomena, we have to
put it into perspective. What we here demonstrated is that all these group B
cells have just a trace of A and because the antibodies that see it are those
that see A , we can not automatically say that it has the same A epitope
structure as A . That may not be true. I think it is probable to say that the
non specific activity of B transferase enzymes cause a little A to be on the

* Proceedings 1st ISBT International Workshop on Monoclonal Antibodies. Roger P,
Salmon Ch (eds), Paris, 1987 (in press).
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group B red cells. The B(A) agglutination is fragile, and the antigen sites not
clustered, hence a very feeble reaction. I am very cautious in drawing any
interpretations from Oriol’s data when it comes down to weak red cell epi-
topes. It is too early.

B Habibi (Paris): Dr Voak, have you not got the feeling that some people are
overemphasizing the requirements of those monoclonal antibodies; there is a
tendency to tailor monoclonals capable of detecting all such exceptional
phenotypes as A_, D VI or D IV, whereas, considering for instance the D
VI phenotype, even some potent polyclonals are by definition unable to detect
them. So, do you really think that those particular requirements should be in-
cluded in the criteria for the quality control of those monoclonal antibodies?

D. Voak: Selected IgG polyclonal anti-D antibodies detect Rh D category VI
by antiglobulin tests. The fundamental difference between monoclonals and
polyclonals is that with a polyclonal you only have a small volume. When you
obtain a monoclonal especially in a 1,000 liter unit, it is worth your trouble
to fully characterize it. It is cheap to do so. However, you can not do that with
polyclonals. If we are patient typing we do not care about the detection of
weak D (DY) or of the various Rh D categories. We can safely call them Rh
D negative. However, if we are donor typing we have two anti-D test proce
dures which must detect weak D. Where we use automated equipment there
is no problem. We use IgG and manual systems adjusted to detect weak D
(Dv) of significance that we want to see so that we can label a donor as Rh
D positive irrespective of the weak D or category type. It is the manual typing
where people use the one IgM monoclonal and polyclonal anti-D antibody
blend by two-phase saline and anti-globulin test, where we need to know what
the reagent will do. We want to be able to detect high grade D ¢, we care
about that in a donor. We do not want anybody to be immunized. I do not
think we care about low grade, but the classification is difficult. Paddy Moore
in an ISBT meeting said we want to detect DV if it is detected by a papain
anti-D* And of course, this is a variable into different reagents. It is con-
venient to select on the basis of Rh D category VI as well as weak D (DY),
as category VI is the weakest D variant type that we like to detect in donor
blood typing.

C.Th. Smit Sibinga: Before we move to the virology, may I come back to part
of the discussion from session I regarding the presentation of Dr Holbeck in
which we speculated that probably a further typing by sequencing of the DR
antigens might predict even better the outcome of an organ transplant. I read
from the presentation of Dr Ploegh that he believes more that it is the alert-
ness of the T-cell of the recipient to the antigen being presented, which might
determine ultimately the outcome of the transplant. Is that true?

* Moore BPL. Vox Sang 1984;46:95-7.
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H.L. Ploegh: That is not true. I think that obviously a further molecular
characterisation of class II molecules by sequencing will help to refine the sort
of associations that have been observed between class II molecules and disease
or enable to predict the outcome of transplants, be they bone marrow trans-
plants or simple organ transplants. I think one should not forget that in a situ-
ation where MHC molecules are involved, there are probably at least two
more polymorphic partners involved, one of which is the T-cell receptor gene
family. In these considerations one has to take into account the variation that
exists at the level of T-cell receptor genes and you have variability at the B-cell
receptor level as well. So, one also has to include the immunoglobulins into
the arguments. In most of these cases I will predict that it will be multifac
torial. You can not simply point at a particular sequence in a particular class
IT Bgene and predict whether or not the graft will take. It is more complex
than that.

J-R Aluoch (Nairobi): My question is more of an epidemiological than of a tech-

nological nature. Dr Rouzioux, you showed us that the HIV-2 positivity in
the French group that you studied was 6-9% and you were also showing that
of the 12 HIV-2 positive cases all of them had a link with West Africa. I did
not get quite clearly what the link was. Where these autochthonous French
people, who had worked in West Africa or had visited West Africa or were
you dealing with West Africans, who are in France?

C. Rouzioux (Paris): Two of them were black men from Ivory Coast. One was
a white man who lived in Uganda for more than 4 years, is a drug user and
now is living in France. But he had numerous sexual contacts in Uganda with
women. The others were women who were married with black men from
Ivory Coast. In all cases it is very easy to show a link with sexual transmission
of HIV to those population irrespective whether they are black or white. So,
I think that the epidemiology of HIV-2 is different by time, but not different
by the transmission. In Africa the transmission is the same model for HIV-1
and HIV-2 and the problem is heterosexual transmission.

L.R. Overby (Emmeryville): Dr Rouzioux, I understand that there is a consider
able cross-reaction between the gag proteins and the polymerase proteins of
HIV-1 and HIV-2. Then one would expect that the commercial test based on
HIV-1 would identify both HIV-1 and HIV-2 seroconversions. But is it not
true also that there is a cross-reaction with the gag proteins that are not
related to HIV, the P24 only antibodies. So, how would one distinguish then
between a positive result on an ELISA. One would not know whether it is
true HIV-1, true HIV-2, seroconversion or across-reaction.

C. Rouzioux: Concerning the antibodies against P24 only, not related to HIV
infection. It is reasonable to think that is cross-reactivity with cellular antigen.
It is necessary to follow up these patients. Usually these reactions are stable.
The problem of seroconversion is easier to solve now because Western blot
tests are better overall for GP160 and GP110. So, true seroconversions are
.detected by the presence of antibodies directed against P25 associated to those
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directed to GP160. Another question of this is: Is this really cross-reactivity
between HIV-1 and HIV-2 or is it double infection among double positive
sera. I think that the cross-reactivity on P25 and P34 are very important for
asymptomatic patients, because they have all the antibodies against the virus.
The specificity and the sensitivity of the kits is good for all these asymptoma-
tic and, I hope, positive ELISA sera. But the problem I think is very different
for AIDS, LAS and ARC cases, because the level of antibody against the P25
and P34 is getting down during the development of the disease. So, it is not
possible to see cross-reactivity in these patients between HIV-1 and HIV-2
and AIDS cases. The HIV-1 is not recognized by HIV-2 ELISA kits. That
is how we discovered two patients who were totally negative for HIV-1 in
ELISA, in Western blot and in radioimmunoprecipitation. We decided out
of these real AIDS cases to culture survivors and discovered HIV-2. So, it is
possible not to have cross-reactivity during the deadlock month of the disease.
It is different if we speak about asymptomatic patients. I think the cross-
reactivity may be for the second generation test about 8% of the HIV-2 sera
to be detected by an HIV-1 ELISA kit. Sofar, I know only one HIV-2 ELISA
kit. Of course, I do not know if the opposite situation is possible to recognize
all the HIV-1 by the HIV-2. I think that it is less than 80% at the moment.

C.Th. Smit Sibinga: The HIV antigen test was discussed briefly by Dr
Rouzioux. We have a new tool for further increasing the safety of specifically
the blood supply by trying to eliminate those donations which come from
donors in the stage where infectivity is already present but not the classic
show up with antibodies. Are the specificity and the sensitivity of the present
HIV antigen tests under development such, that we really pick up the mutant
expressions of the different viruses within the HIV group which are now
known?

C. Rouzioux: We have tried different HIV-1 viruses isolated in our laboratory.
There was no problem to pick up all the different viruses from supernatant
of the culture. Even the Abbott antigen test is able to detect HIV-2 in culture
supernatant. In the first development of the antigen test monoclonal anti-
bodies were used and now it is polyclonal.

C.V. Prowse (Edinburgh): Dr Highfield, did I get it right you are producing a

recombinant e antigen. Is that just ¢ treated in some way?

PE. Highfield (Beckenham): Basically yes. Strictly speaking it is a slightly differ
ent construction. We have a number of different core antigens that vary
slightly and produce one that is stable and is used to provide the core antigen
for our various kits. We produce another which is initially produced as core,
but is disaggregated into e. We use that as a source of material for e antigen.

C.V. Prowse: Does that tell you anything about quite what the difference
between ¢ and e is?
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PE. Highfield: No it does not, because we do not have a sufficient range of
variations to make any real conclusions. It was a consequence of the way the
experiment was done, that I generated two classes of recombinant which
differ in this property.

C.Th. Smit Sibinga: There are under way test systems in which within one test
in a combination both HIV antibodies and hepatitis B surface antigen can
be picked up. Applying such a combination does not that affect the sensitivity
of the test to both of these markers, Dr Highfield or Dr Rouzioux?

PE Highfield: In our experience it does not. In the combined test formats that
we run in house at the moment, both aspects of the test actually are more
sensitive. Although to be fair that is not some sort of consequence of just
mixing the two sets of reagents. It is because, in trying to devise an assay for
two markers at once, the test format has to be changed from that of either
marker individually. These changes have meant that the incubation period is
longer than it would be for a surface antigen test alone. Therefore the sensi-
tivity for surface antigen has gone up, but that is really just equivalent to run-
ning a normal test for a longer period of time. For the HIV antibody aspects
of the test; to make that combine with the surface antigen test, we had to
change the format and that new format is more sensitive than our currently
existing antibody test.

C.Th. Smudt Sthinga: Thank you. Would you like to comment, Dr Rouzioux?

C Rouzioux: 1 am not involved in the Blood Bank like some virologists. For
a virologist it is impossible to combine two viruses in the same test without
losing sensitivity. Moreover, we read two different answers. So, I do not like
this sort of test, but I think the problem is different for Blood Banks. For me
the problem is the sensitivity. Recently we have discovered in our laboratory
new positive sera, but with very, very low HIV antibody titre. I think we need
to develop more sensitivity with a second generation test, because it is very
difficult to pick up those sera and it is very important for all of us. So, we
have to emphasize this part more than to mix viruses at the present time.

C.Th. Smit Sibinga: 1 feel a hesitation in your remarks. Dr Prowse, what I
found intriguing is the striking difference in assay results between a mono-
clonal antibody depleted plasma and a plasma coming from a more natural
resource. I am specifically referring to Factor VIIL

C.V Prowse: As I said that is only one study and obviously needs confirmation.
But if you just take it at face value at the moment, it would appear to relate
to the amount of von Willebrand factor that is around in the substrate
plasma, when you are trying to assay a product that does not have that in it.
Most of the concentrates you buy of the shelf for therapy at the moment have
it in, and the assays on these show no discrepancy.
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C.Th. Smit Stbinga: You mentioned the reagent for an antigen assay developed
in the Central Laboratory of the Dutch Red Cross. Maybe we could ask one
of the representatives, Dr Over for instance, to give a brief comment?

J- Over (Amsterdam): Well, 1 can hardly comment on that. Dr Prowse has
described that perfectly well. We use a combination of I think three mono-
clonal antibodies. It is not done in my specific department, so I am not very
familiar with it, but I think the procedure is published* and therefore easily
available.

C.V. Prowse: Can I make two comments? One is that just very recently there
has come on the market a second monoclonal hemostasis kit. I have no idea
how it performs. That one is for plasminogen activator inhibitor. The second
comment is that I think we are going to hear quite a bit about monoclonal
antibody purified therapeutic products. There is nothing inherently good
about the monoclonal purified product. What is important is what you start
with, what the yield is and how easy and safe it is to perform the purification
process. It is what is in the bottle at the end of the day that counts. It is not
really how you got there.

D. Voak: The two factors are the economics and the clearance of viral load.

The most important thing is to eliminate the viral load, thereby using the
most economic procedure.

* Stel HV et al. Thromb Haemost 1983;50:860-3.
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MONOCLONAL ANTIBODIES IN THE PRODUCTION OF
PURIFIED PROTEINS FROM HUMAN PLASMA

A.B. Schreiber

Immunoaffinity chromatography applied to human therapeutics

Monoclonal antibodies represent standardized reagents of high specificity
and selectivity, that in principle are available in unlimited amounts. Mono-
clonal antibody technology is by now commonplace to basic research and
clinical diagnostic laboratories. In vivo and various in vitro protocols have been
established to allow the economically feasible generation or multi-kilogram
amounts of monoclonal antibody preparations, acceptable as raw materials of
parenteral quality. The chemistry to couple antibodies to solid supports has
been scaled-up to process large volumes of starting material, without appreci-
able performance loss. With these elements in hand, the application of mono-
clonal antibody mediated purification is entering the arena of human phar-
maceuticals. Therapeutics originating from biological fluids such as plasma
or conditioned medium from recombinant DNA engineered cells are usually
present in extremely low concentrations in the starting material. Monoclonal
antibody purification is particularly well suited to provide the specificity to
obtain homogeneous preparations, while removing the majority of unnecess-
ary and undesirable contaminants. In the case of plasma proteins as active
ingredients, safety concerns related to viral transmission, add another dimen-
sion of paramount importance to use exclusively high purity preparations.

A. The monoclonal antibody, choise and scale-up

Many practical considerations strongly favor the choice of a monoclonal anti-
body of the IgG isotype. Antibodies of the IgM isotype are usually of a rela-
tive lower affinity and feature poor stability, especially upon freezing and
thawing. While it may seem logical to screen for antibodies of the highest
affinity for the desired antigen, to ascertain the highest possible degree of
selectivity, too strong an interaction between antibody and antigen may
necessitate the use of harsh elution conditions in subsequent affinity chromato-
graphy procedures. A moderate to high affinity (around 108 M -1) is there-
fore often to be preferred. Of particular interest are screening procedures that
identify the appropriate hybridoma cell line, based on the ability of inocuous
buffers to mediate antigen-antibody dissociation. An element example is pro-
vided by monoclonal antibodies recognizing calcium-dependent conforma-
tional epitopes of vitamin K-dependent plasma proteins [1]. In this case, the
use of calcium chelating reagents will disrupt in a reversible fashion the anti-
body binding to the recognized antigen, without altering the antibody viabil-
ity for repeated use, nor the bioactivity of the vitamin K-dependent protein.
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Points to consider and guidelines for the scale-up and manufacturing of
monoclonal antibodies used for the preparation of human therapeutics have
been issued and recently revised in the US, Japan and Europe. As for any
other biological, a great amount of care needs to be addressed to a full charac-
terization of the parent hybridoma cell line and the master cell bank estab-
lished thereof. Frequent subcloning may be necessary, due to the inherent
stability of hybridomas. Generation of large amounts of antibody is feasible
by harvesting ascites fluid from the parenteral cavity of histocompatible mice,
previously primed with pristane or incomplete Freund’s adjuvant. As an
example, our laboratories have generated more than a thousand liter of ascites
over a period of twelve months, without major operational facilities or man-
power involvement. With the identification of a high producer cell line (more
than 10 mg/ml ascites), this endeavor can easily yield 5-10 kg of antibody at
reasonable cost. The absence of a series of eighteen adventitious viruses is
required for the release of ascitic fluids for further purification of the anti-
body. Only two of these viruses, Reo-3 and lymphochoriomeningitis, are
human pathogens and their presence is ensued by the rejection of a batch.
Positive titers for any of the sixteen other viruses necessitate retesting at the
stage of obtention of purified antibody. In our experience, we did not have
to reject a single batch of antibody over the several hundreds of batches
produced, amounting to several kg of antibody derived from ascites.

Both for reasons of cost-effectiveness and degree of scale-up, the elegant in
vitro fermentation techniques for mammalian cells may prevail over ascites.
Several formats of bioreactors have established a successful track record to
date. The Damon Encapcel® system makes use of alginate microspheres to
encapsulate hybridoma cells, with secretion of antibody that can easily be
purified away from the microspheres. Other fermentation systems such as
that from the Invitron, Celltech and Amicon companies make use of the
entrapment of hybridoma cells at high density in microporous or gelatinous
beads, upon which continuous perfusion is applied with simultaneous con-
centration and harvesting of antibody. For all systems, it is advisable to adapt
the hybridoma cell culture conditions to serum-free medium. One thousand
liter fermentors will produce under optimized conditions about 100 grams of
monoclonal antibody in a couple of months at a total cost similar to that
obtained from ascites. An obvious and important advantage of the in vitro
approach is the exclusive presence of the antibody of desired specificity,
whereas in ascites the antibody is contaminated with a heterogeneous mixture
of naturally occurring antibodies. As some of the latter are necessarily of the
same isotype than the desired monoclonal antibody, it may not be straight-
forward to purify these away. Monoclonal antibodies can usually be purified
to near homogeneity from both in vitro and in vive sources, by simple salt
precipitation followed by ion exchange chromatography. In those instances
where antigen is readily available in large amounts, more specific purification
approaches can be utilized.

The overall approach for conditions of purifications and quality control re-
lease of the monoclonal antibody intended for use in affinity chromatography
has to be approached as if the antibody were itself an injectable human thera-
peutic, despite it really being a raw material. Indeed, as expanded in some



119

detail below, there is an inevitable ‘bleed’ of the antibody from solid surfaces
into the final product, that may raise safety concerns. Antibody preparations
must therefore be free of pathogens and have a minimal level of DNA and
pyrogen contamination.

B. The affinity resin, chemistry and performance

Both agarose and acrylamide supports lend themselves for large scale coupling
of monoclonal antibodies. The highly reactive cyanogen bromide activation
can be controlled in a consistent fashion [2], but generates waste management
problems in the manufacturing plant. The formation of aldehyde bonds by
reduction chemistry is far more easy to handle and should be preferred as it
generates more stable bonds between the antibody molecules and spacer lin-
kers covalently attached to the resins. Less practical experience has been accu-
mulated with inert materials such as silica and perhydrofluorocarbons, but
these are anticipated to present the advantage of resistance to pressure
allowing high flows, ease of handling and extremely low non-specific binding.

Only a small fraction of the antibody molecules coupled to the resins
appears to be functional in terms of their binding capacity. Some extent of
denaturation inevitably occurs, but the random coupling of Fc and Fab
portions of the antibody molecules has to be invoked with the above mentioned
chemistries. An elegant approach to circumvent the latter problem is to oxidate
the carbohydrates on the Fc portion of the antibody with periodate, followed
by reduction coupling to free amino groups built into a resin.

The quality of an affinity resin is ultimately determined by three criteria,
namely:
1. binding capacity and recovery upon elution which will determine yield;
2. the life cycle of a column (the number of useful binding and elution

cycles); and

3. the extent of antibody leakage in the eluted product (‘bleed’).

The optimization for scale-up with the choice of a particular coupling
chemistry and elution conditions, becomes a careful evaluation of trade-offs
between these three criteria. In our experience, yield considerations have
been the primary guide for the selection of the affinity resin, as these impact
most on cost-effectiveness and feasibility for product development. The life
cycle of the affinity resin appears mostly to be dependent upon careful sterile
handling and engineering considerations. Moreover, the net usefulness of a
column can be extended by its use in series as a ‘scavenger’ column. Flow-
throughs of a first column can indeed be pooled and re-applied several times
to another column (the ‘scavenger’ column) with incremental improvements
in overall recovery. Within the limitations of the first two criteria, bleeds of
antibody of murine origin into the final product, becomes a key element for
moving forward with product development. Murine monoclonal antibodies
have by now been intentionally infused in a large number of cancer patients
undergoing immunotherapy [See for example 3]. Surprisingly, despite the
observed strong immune reaction to the mouse antigens, these agents have
appeared to be well tolerated [4]. In these cases amounts varying from 1 mg
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to as high as 500 mg per infusion have been used. With proper coupling
chemistry, amounts <100 ng/dose of products will appear in a monoclonal
antibody purified product. While these amounts are presumably too low to
be immunogenic, safety concerns for sensitization and allergic reactions are
probably legitimate. Careful and sensitive determination for the presence of
mouse Ig during the process and in the final products are therefore required,
as well as chronic treatment clinical safety studies.

Therapeutic preparations
A. Factor VIII - Monoclate®

Treatment with Factor VIII concentrate isolated from human plasma has
played a profound role in the maintenance of hemophilia A patients. Most
commercial products presently available for substitution therapy are generally
produced by processing of the cryoprecipitate fraction of plasma. Related to
the Factor VIII procoagulant content, a typical administered concentrate
with a specific activity of about 1 IU of procoagulant per mg of protein is,
at best, 0.2% pure. Administration of cryoprecipitate preparations carry the
risk for transmission of human pathogenic viruses adventitiously present in
the source plasma. While initially the main safety concern surrounded the
presence of hepatitis viruses B and NANB, the spreading AIDS epidemic and
the possibility of transmission of HIV has become of paramount importance
over the last few years.

Fulcher and Zimmerman have described a two-stage chromatographic
purification of Factor VIII:C using a solid phase murine monoclonal anti-
body technique to achieve procoagulant activities greater than 1000 IU per
mg of protein [5]. Our laboratories have developed a Factor VIII therapeutic
preparation (Monoclate®) employing modifications and improvements of
their basic technique so as to make it suitable for large-scale drug manufac-
ture. For the first time, it has been possible to consider and test a therapeutic
preparation in which the Factor VIII:C is purified free of the von Willebrand
protein. Monoclate® was approved for therapeutic use in the US in October
of 1987 and has since been filed with regulatory authorities of most European
countries. Clinical studies described in an accompanying report of these pro-
ceedings and post-marketing experience have shown that Monoclate® com-
pares favourably with other existing therapeutic factor preparations when
safety, in vivo recovery, half-life and efficacy were evaluated.

The basic steps in the processing of Monoclate® are shown in Table 1. In
plasma, the Factor VIII procoagulant activity is found in association with von
Willebrand factor. Briefly, after conducting human plasma cryoprecipitation,
dissolution and absorption with aluminium hydroxide, the purification is
accomplished by a two-stage chromatographic process using as the first stage,
a solid phase murine monoclonal antibody specific for the von Willebrand
factor antigen. Exposure of source material to the solid phase affinity resin
results in capture of the Factor VIII complex. The resin is washed free of
impurities, after which the Factor VIII complex is dissociated by calcium
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Table 1. Basic steps: Monoclonal purification
of Factor VIIL

Plasma
Cryoprecipitation
Dissolution & absorption

Affinity purification
Albumin addition

U.F. concentration & re-dilution

Amino-hexyl sepharose chromatography
Albumin addition

Dialysis — final formulation
Sterile filtration & freeze-drying
Heating
Final product

(Monoclate®)

ions. Factor VIII:C is hereby eluted and available for subsequent processing
steps, while the von Willebrand factor remains bound to the solid phase.
A second step brings about the dissociation of the antibody-antigen complex,
thereby regenerating the affinity resin for repeated use. The Factor VIII is
eluted from the solid phase as a solution too dilute for therapeutic use. This
intermediate is therefore concentrated and the ionic strength is adjusted so
as to be appropriate for a secondary chromatography on amino-hexyl agarose.

This second stage serves to further concentrate the activity and to improve
purity approximately threefold. The final product is the formulated, filtered,
lyophilized and heated. A number of process steps are carried out in the pres-
ence of purified pasteurized human serum albumin in order to stabilize and
preserve the biologic activity of Factor VIIL:C.

The properties of Monoclate® are summarized in Table 2. While the use
of albumin improves product stability and allows better recovery of biologic
activity during processing, it does not allow for accurate estimates of product
purity. Such measurements, therefore, can only be made in concurrent lab-
oratory runs carried out in the absence of albumin. In such albumin-free
preparations, the specific activity was established by a combination of bio-
activity measurements and protein assays. Mean specific activity of 3500
units per mg of protein were observed. This represents about a 250,000 fold
purification from plasma. Other investigators have reported specific activity
values in excess of 4500 units per mg [6]. In these instances, protease inhibitors
were included throughout the processing in order to prevent proteolytic
degradation. The use of these substances is not suitable for therapeutic prep-
arations intended for intravenous administration and Monoclate® was, of
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Table 2. Properties of Monoclate® .

Configuration: 10 ml or 20 ml glass Purity (carrier-free >2500 IU/mg
vial, lyophilized diluent lab tests):
- water for injection (in formulation): 5 IU/mg
Potency: 250 TU- 2.5 ml Other characteris- 99% removal of
500 IU- 5.0 ml tics: vWF alloagglutinins
1000 1U-10.0 ml almost undetectable
Formula Human albumin Virus challenge >6.8-10 logs removal
components: Mannitol tests: model viruses
NaCl >7.08-9.1 logs
Histidine removal
CaCl, LAV/HTLV III

necessity, purified without additives and formulated with inocuous com-
ponents. Thanks to the high purity, reconstitution with diluent is practically
instantaneous and reconstitution volumes are very small.

The potential contamination of Monoclate® by murine Ig leaking from the
affinity resin is assayed both in-process and at the stage of the final product
by both in vitro specific radioimmunoassay and in vive guinea pig delayed type
hypersensitivity assays. Release specifications call for less than 50 ng of mouse
Ig/100 TU Factor VIII activity. The sensitivity of the assays is around 10 ng
of mouse Ig/ml. In most batches prepared for clinical use amounts of mouse
Ig are undetectable by these techniques.

The purity of Factor VIII in Monoclate® is reflected in a number of ways.
Firstly, 99% or more of the von Willebrand factor antigen is removed com-
pared to plasma concentrations. Also, the product is virtually devoid of allo-
agglutinins. Secondly, analysis of Monoclate® by Western blotting techniques
with a battery of monoclonal antibodies to various epitopes of Factor VIII:C
[7] reveals a thrombin-generated chain composition identical to that of Factor
VIII:C in either plasma, cryoprecipitate and Factor VIII:C obtained from
conditioned medium of C127 cells engineered with a cDNA plasmid using a
bovine papilloma virus vector. Thridly, we conducted studies to demonstrate
the reduction in viral titer concommitent with the removal of impurities
thanks to the affinity chromatography step in the processing of Monoclate®.
Source materials were intentionally inoculated with infectious agents at very
high titers. The model viruses were selected according to their resemblance
to blood borne human pathogens of interest. Included in the tests were
Sindbis virus, pseudorabies and vesicular stomatitis, as well as HIV (LAV
strain). Virus titers were assayed by plaque formation and/or production of
cytopathology in cell cultures. In each experiment the inoculum titer spiked
in cryoprecipitate ranged from 7.6 to >10.9 logs of virus. We obtained more
than 6.8-10 logs removal of model viruses and more than 7.1-9.1 logs removal
of HIV due to Monoclate® processing. Importantly, about five logs of virus
titer removal was achieved by the chromatography steps, irrespective of the
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virus type studied. Purification of active ingredients from plasma may there-
fore represent a generic approach to viral safety. Moreover, the combination
of monoclonal antibody purification and physical heat inactivation were
found to be synergistic in terms of overall virus titer reduction.

B. Factor IX

Bleeding episodes of hemophilia B patients are currently treated with Factor
IX concentrates containing intermediate purity Factor IX of a specific activ-
ity of about 1 unit/mg protein, at best containing 0.8% active ingredient.
These agents contain all vitamin K dependent proteins and are typically asso-
ciated with complications, including disseminated intravascular coagulation,
thrombotic disorders and viral infectivity [8,9].

Based on our successful experience with Factor VIII, our laboratories set
out to devise an immunoaffinity chromatography procedure for purified Fac-
tor IX. Clinical supplies are currently manufactured at large scale and we
anticipate to conduct safety and efficacy trials in 1988. The obtained Factor
IX preparation is nearly homogeneous. The specific activity of the prepara-
tion is about 300 IU/mg protein, nearing the theoretical specific activity of
HPLC purified Factor IX. Electrophoretic techniques reveal a single band
protein with no contaminants. Importantly, bioassays have demonstrated the
absence of activated Factor IX, prothrombin and any other vitamin K
dependent protein. The integrity of the Factor IX molecule in our prepara-
tion was confirmed by N amino-terminal sequencing and tryptic peptide
maps. Pharmacology experiments have confirmed the general hemodynamic
safety of the preparation and lack of thrombogenicity in the rabbit Wessler
model. Viral spiking experiments applied to this process have reproduced the
5 logs of virus titer reduction contributed by the immunoaffinity procedure.
Several other virucidal steps have been included in the further processing of
this product for an overall viral titer reduction higher than 10 logs.

C. Protein C

Protein C is a vitamin K dependent, serine protease prozymogen [10]. The
activated form of protein C has been demonstrated to prossess both anticoa-
gulant and profibrinolytic activities in animal pharmacology models [11]. Our
laboratories have set out to develop processes based on immunoaffinity chro-
matography for a homogeneous protein C preparation intended for thera-
peutic use. The starting material chosen was the flow through from the anti-
Factor IX affinity resin described above. The specific activity of protein C in
this non-bound fraction is about 1IU/mg protein, thereby providing an
immediate fifty fold enrichment over plasma. In addition, by utilizing this
fraction that otherwise would be a waste product of Factor IX purification,
one can envision a sequential processing from the same unit of plasma to
yield in a cost-effective fashion several products. To date, we have generated
several preclinical batches of purified protein C of specific activity around
70 IU/mg protein. This compares to a theoretical specific activity of pure
protein C at 160 [U/mg protein. Sequence and electrophoretic analysis
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reveals that our preparations are nearly homogeneous. The specific activity
achieved at roughly half of the theoretical is therefore probably due to in-
activation during processing as opposed to the presence of contaminants. The
obtained preparations were shown to fully retain their bioactivity as measured
by amidolytic and anticoagulant assays. Further, we have also confirmed the
ability of the preparations of activated protein C to amplify and prolong the
effects of tissue plasminogen activator.

Conclusion

Monoclonal antibody technology has evolved to a stage where procedures are
established for immunoaffinity chromatography as applied to human thera-
peutics. The growing concern for viral infectivity of products derived from
human plasma and medical and regulatory standards necessitate the exclusive
use of highly purified biological agents. Immunoaffinity chromatography, in
our experience, provides a powerful tool to achieve these objectives. The selec-
tion and manufacturing of monoclonal antibodies intended as raw materials
for immunopurification have to comply with standards set for parenteral
products. Optimization of the affinity process is eventually a compromize
between factors that affect cost-effectiveness, such as yield of the active ingre-
dient and resin life span, and safety concerns related to leakage of murine
protein into the final product. Our laboratories have contributed to the devel-
opment of Monoclate®, a highly purified Factor VIII:C therapeutic prepara-
tion. The key purification step involves immunoaffinity chromatography with
a murine monoclonal antibody directed to von Willebrand factor. Our lab-
oratories are currently using similar strategies to develop therapeutic prepara-
tions of plasma derived Factor IX and protein C. In our experience, the
affinity chromatography step efficiently removes most contaminants, does not
impact the biological integrity of the active ingredient and provides for a
generic method for viral elimination.
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PRODUCTION OF CLOTTING FACTORS THROUGH
BIOTECHNOLOGY

L-O. Andersson

Introduction

Fractionation of plasma is a way to prepare a number of proteins for clinical
use, of great value in treatment and prevention of a number of diseases and
disease states. Of special importance are the coagulation factor concentrates
used for treatment of hemophilia. In treatment of hemophilia A Factor VIII
concentrates are used and for treatment of hemophilia B Factor IX concen-
trates. Before those concentrates were developed there was essentially no
treatment for hemophilia patients and life-expectancy was poor. Average
lifespan was around 16 years. With the introduction of the Factor VIII and
IX concentrates in the 60ties life has completely changed for hemophilia
patients. They now can live an almost normal life.

Thus clotting factor concentrates have been and are very important for
treatment of hemophilia. However their use is not without problems. The
availability is limited as it depends upon supply of plasma for fractionation.
Today the volume of plasma fractionated is to a considerable extend deter-
mined by the need of Factor VIII. The cost is high as the cost of plasma is
high and much active material is lost during purification. Finally, but not
least important, the risk for transmitting certain virus infections is still
considerable.

Recombinant DNA technology gives new possibilities to solve those limita-
tions and problems. In principle it allows production of unlimited amounts
of material. Further it can probably be produced cheaper than its analogs
from plasma. The risk for virus transmission is strongly reduced.

This all sounds very attractive. However, in actual practice it is not that
easy, at least not with todays technology. There are still some limitations
viand although some problems may have been solved, some new ones are
created instead.

In order to clarify this, this presentation will briefly describe what is re-
quired and how a recombinant DNA drug is developed.

Recombinant DNA technology

Basic principle is to isolate the genetic information how a specific protein is
made and transfer this to a producing host organism.

To have a reasonable chance to succeed one needs certain data about the
protein in question. They are: molecular weight, general composition, part
of amino acid sequence, and biosynthesis site(s). Further, it is advantageous
to have antibody against the protein and some knowledge of them RNA.
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In some cases one does not have those data. The protein may not have been
purified before. In that case one has to start by purifying and characterizing
it. Factor VIII is such an example where a considerable effort had to be put
in purifying the plasma Factor VIII, before the molecular biology work really
could gain speed.

In the early days of gene technology it was assumed that most proteins
could be produced using bacteria as host cells. As bacteria are cheap to feed,
grow rapidly and are producing large amounts of protein it was expected that
most proteins could be produced cheaply. This also turned out to be the case
for the first rather small proteins made: insulin and human growth hormone,
that could be produced in Ecoli and give good yields of biologically active
protein.

However, this did not work when larger and more complicated proteins
were studied. Very little biologically active protein was obtained despite high
levels of protein synthesis. What was happening was that those proteins did
not fold properly in the bacterial microenvironment They folded incorrectly,
were biologically inactive and aggregated to large inclusion bodies in the
bacteria.

To solve this problem one has to use mammalian cells as host for the pro-
duction of recombinant DNA proteins. Mammalian cells do usually have the
proper microenvironment. In most cases one has also succeeded to get expres-
sion of biologically active protein. In addition to the folding problem for
certain proteins there are also other problems with bacteria as expressing
systems. Quite a number of proteins contain additonal components such as
carbohydrates and other modifications introduced following protein biosyn-
thesis. Bacteria do not have glycosylation systems and thus glycoproteins can
not be made in bacteria. At best one obtains a ‘“naked” protein with carbo-
hydrate coverage. Most plasma proteins are glycoproteins so this is a serious
problem. Both Factor VIII and Factor IX contain carbohydrate and Factor
IX also another post-translational modification, the gammacarboxyglutamic
acid residues, which are necessary for biological activity.

What are the implications?

To use mammalian cell culture for production of proteins is a quite different
story than to use fermentation of bacteria. The mammalian cells need more
sofisticated food and much more care than bacteria. They grow slowly and
produce much less protein.

Consequently it becomes much more expensive to use mammalian cell
culture technology than with fermentation of bacteria. It may be a factor
between ten and one hundred times more expensive. Depending on specific
activity of protein and level of expression obtained, there may be cases where
it is very expensive to produce by recombinant DNA technique and that it
is not competable with corresponding protein obtained from plasma.

Thus, when there is a producing organism available will every problem be
solved? No, far from that. This becomes evident by looking at the entire
development scheme as shown in Figure 1.
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Purification of recombinant DNA proteins for clinical use is a special
problem. The demand on purity is very high because the contaminants are
non-human proteins and thus immunogenic. Less then 10 pg of non-human
protein per day is allowed to be given. For example with albumin which has
to be given in large amounts the demand for purity would be 99.9998% pure,
whereas with Factor VIII it would be sufficient with 95% purity.

What is the situation with coagulation factors?

Actually most of them have been cloned and expressed today: Factor V, VIII,
VII, IX and X. Of special interest is of course the Factor IX and Factor VIII
as being the clinically used ones. Factor IX was cloned in 1982 by Brownlee
and his coworkers [1] and subsequently by Davie and Kurachi [2]. However
only trace amounts of Factor IX protein were obtained, biologically inactive
as it did not contain the gammacarboxyglytamic acid residues which are
essential for activity. Later biologically active protein has been obtained by
several groups [3,4]. The key is to choose a host cell that has an active
gammacarboxylation system and to give good supply with vitamin K during
the cell culture. Expression levels close to that of plasma, that is around
5 pg/ml, have been obtained. So far no major step for making a preparation
for clinical use has been taken, however.

Factor VIII is a special story. When Factor IX was cloned there was still
large uncertainty about the Factor VIII protein. So the work had to start by
purifying plasma Factor VIII. That was accomplished subsequently by several
groups: Edvard Tuddenham and coworkers in London [5], Sixma, Hamar
and coworkers in Utrecht and our group in Stockholm [6]. Factor VIII is a
very large protein, 2331 amino acid residues and presenting just trace quan-
tities in plasma (0.2 pg/ml). To make things worse it is also very sensitive to
protease degradation. When more about the protein became known, the
molecular biology work could progres and in 1984 the gene was cloned in-
dependently by Lawn et al [7] at Genentech and Toole and coworkers [8] at
Genetics Institute. The structure of the molecule was unraveled and shown
to contain various domains and sequence repeats.

Sequence homology with the copper-containing plasma protein cerulo-
plasmin was found in two of the domains. Factor VIII contains metalions
essential for activity, but it has not been proven yet which metal.

In plasma the Factor VIII is present as a two chain protein with one heavy
200 KD chain and one light 80 KD chain [6]. The two chains are held to-
gether by one or several metal ion bridges. In ordinary concentrates for
clinical use Factor VIII is presenting various fragmented forms from a heavy
90 KD chain complexed to a light 80 KD chain and upwards to fullsized
heavy chain [6]. All forms are active.

Today much is known about the molecule and a model illustrated in
Figure 2 can be drawn where the various functional regions are indicated.
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Figure 2. Model of Factor VIII molecule.

March 1987 the first injection of recombinant DNA Factor VIII was given
to a patient. Response was good and half-life of material was normal [9].
Thus even if there are many problems with this new technology, big achieve-
ment can be reached. The Factor VIII story illustrates that clearly. Five years
ago we were not sure about what the molecule was and today we know details
of structure and structure-function relationships and have given recombinant
material to patient.
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MAMMALIAN CELL EXPRESSION AND
CHARACTERIZATION OF RECOMBINANT HUMAN
ANTITHROMBIN III

G. Zettlmeissl, H. Karges, U. Eberhard

Introduction

Antithrombin III (AT III) is one of the primary inhibitors of hemostasis [1].
By binding to and inhibiting thrombin, as well as several other activated
clotting components (most notably Factors IXa, XIa and XlIIa) AT III
indirectly influences fibrin clot formation [1]. AT III makes a stochiometric
1.1 complex with thrombin. The complex building rate is increased by the
binding of heparin by two orders of magnitude [2]. The physiological impor-
tance of AT III in preventing excessive coagulation is demonstrated by studies
of individuals whose AT III levels are decreased due to hereditary [3-6] or
acquired [7-9] deficiency. Human plasma AT III is a single chain glycopro-
tein of 432 residues containing three intramolecular disulphide bridges and
four N-linked carbohydrate chains [10,11].

To provide the basis for an alternative source for human AT III its cDNA
was cloned from human liver cDNA libraries [12-15] and its expression was
studied in different systems. Since expression in bacteria and yeast resulted
in inactive or only partially biologically active AT III molecules [12,13], we
decided to use a mammalian tissue culture system to express a protein with
very similar properties as compared to the plasma derived AT III [16].

Results
Expression of AT III in mammalian cells

The permanent eukaryotic cell line we used for AT III expression was a
Chinese hamster ovary (CHO) cell, which is deficient in the enzyme dihydro-
folate reductase (DHFR) [17]. This cell line has already been used success-
fully to synthesize a variety of human proteins in relatively high amounts
[18-20]. After cotransfection of the AT III expression vector pSVATIII [16]
with the plasmid pSV2dhfr [21] carrying the mouse DHFR c¢cDNA and sub-
sequent coamplification [22] of the transfected DHFR and ATIII genes cell
lines were obatined, which have integrated up to 500 copies of the AT III
transcription unit into the chromosome [16]. These cell lines (ie. CHO All-
A279 resistant to 10 uM MTX) secreted consitutively 1525 ug AT II1/106
cells/24 hours into the culture medium.
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Table 1. Purification of AT III from CHO cells.

Yield (%)

Step CHO-medium h-plasma
Heparin-sepharose 50 + 10 50 + 10
85% ammonium-sulfate precipiation >90 >90
Total 40 - 50 40 - 50
Purity* >98 >98

* As determined by SDS-polyacrylamid electrophoresis [23] followed by

Comassie Blue staining.

Figure 1. Ouchterlony immune diffusion test of recombinant AT III in

concentrated serum free CHO culture supernatant (cavity 1), of purified recombinant
AT III from CHO cells (cavity 3) and of AT III purified from human plasma (cavity 2),

probed with an anti-AT' III serum from rabbit (cavity 4).
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Punification of recombinant AT III from CHO supernatants

A high producing cell line (CHO A11-A279) was grown to mass culture in
a fermentation unit (Opticell - bioreactor, KC - biologicals) in the presence of
10% fetal calf serum. Subsequent AT III production was in a serum free
medium poor in proteins (Iscove’s; Behringwerke AG, Marburg) in order to
make the purification process easier. Several hundred milligrams of recom-
binant AT III were purified by a simple two step purification scheme in-
cluding adsorption on heparin sepharose, followed by precipitation with
ammonium sulfate. During the purification process the recombinant protein
behaved identical to AT III from human plasma (Table 1). The total yield of
purification was usually 40-50% and the purity of the final product was
over 98% as determined by electrophoresis on sodium dodecylsulfate (SDS)
polyacrylamid gels according to Laemmli [23; data not shown].

Characterization of recombinant AT II1

Purified AT III was analyzed by the immunediffusion method of Ouchterlony
[24]. The precipitation patterns indicate that recombinant AT III derived
from CHO cells is not different from AT III of human plasma origin in this
assay (Figure 1).

Table 2. Biological activity of purified recombinant AT III.

CHO-medium h-plasma

Progressive inhibitor activity (U/mg)* 5 -6 48 - 6,6
Heparin cofactor activity (U/mg)** 5 -6 4,8 - 6,6
U = units

* According to ref. 25, 26.
** According to ref. 27.

Table 3. Spectroscopic analysis of purified recombinant AT III

Parameter CHO-medium h-plasma
1% .

A" 980 nm, 1 cm ™M 7,1 7,1

A em [nm]** 328 328
max
em

F rel, 328 nm [%o]*** 100 100

0 999y deg cmidmole=l]™*** 7600 + 200 7600 + 200

* Absorption coefficient at 280 nm.
** Wavelength of fluorescence emission maximum (excitation at 280 nm).
*** Relative intensity of fluorescence emission at 328 nm (excitation at

280 nm).

**** Far ultraviolet circular dichroism at 222 nm.
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At III secreted by CHO cells has the same specific progressive inhibitor
[25,26] and heparin cofactor activities [27] as human plasma AT III (Table
2). This means that both the binding to thrombin and the activation by
heparin are completely intact in the AT III molecule synthesized by mam-
malian cells. Besides there is no difference in biophysical properties — like
absorption coefficient, fluorescence intensity, fluorescence emission maxima
and far UV-circular dichroism — between recombinant and authentic AT III,
indicating identical secondary and tertiary structures (Table 3).

Currently we are investigating the biochemical, biophysical and immuno-
logic properties of recombinant AT III in more detail [28] and are performing
preclinical studies in order to check the purity, half-life and antigenicity in
V0.

Conclusions

Human AT III can be expressed in mammalian cells and can be purified
from culture medium with a yield of 40-50% to a purity greater than 98%.
Recombinant AT III from CHO cells is identical to AT III from human
plasma concerning biological activity and the immunological, biochemical
and biophysical parameters checked up to now. The described expression
systemn can be used to study structure-function relationships of AT III by
systematic directed mutagenesis of the molecule. :
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PRODUCTION AND TESTING OF rDNA HEPATITS B
VACCINE

Ch.R. Bennett, Jr.

Introduction

Recombinant DNA technology has been described by Burnett and Marsh as
the prime biological tool of the 1980’s and perhaps of the 20th century [1].
Within the past ten years, we have witnessed the use of recombinant DNA
technology to produce insulin as a competitive commercial product. Concur-
rently, we saw also the birth of a new industry devoted to the development
of gene products for both human and veterinary uses.

More recently, in 1986, the first hepatitis B virus vaccine for human use
prepared by rDNA technology was introduced. This vaccine, of course, is of
particular value to those persons associated with the handling of human blood
and blood products.

Hepatitis B vaccines prepared from human plasma have been commer-
cially available since 1983. Hepatitis B plasma-derived vaccine which meets
WHO and government regulatory agency requirements has been shown to
be completely safe [2,3]. Unfortunately, highly emotional concerns over the
theoretical possibility of an infectious agent being present in the plasma and
surviving the purification and inactivation procedures has somewhat impeded
general acceptance of the plasma-derived hepatitis B vaccine.

Essential steps in vaccine development.

Recognize need for vaccine

Isolate and propagate agent

Develop prototype vaccine

Test vaccine in animals

Evaluate feasibility of commercial production
Produce vaccine consistency lots

Test for safety

Begin closed clinical trials (Phase I)
Evaluate closed trials

Expand clinical trials (Phase II)

Begin large field trials (Efficacy studies)
Evaluate field trials

Apply for vaccine license

Examine field trial data
Perform assays on vaccine samples
Review license application

} Responsibility of regulatory agency
Issue license
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YEAST DERIVED rDNA PRODUCT FLOW CHART
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Figure 1. Flow chart showing basic operational steps in production of IDNA vaccine.
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Since the supply of the plasma-derived vaccine is potentially limited to the
availability of suitable plasma from carriers of hepatitis B infection, alterna-
tive sources of surface antigen (HBsAg) had to be obtained. Research efforts
were directed toward rDNA techniques.

As listed, this point of recognizing the need for a vaccine is the initial point
in the steps necessary for the development of a vaccine.

However, in the case of recombinant hepatitis B vaccine, additional chal-
lenges had to be faced before final licensing could be accomplished. The vac-
cine prepared by recombinant DNA technology had to meet the challenges
of the “Five C’s”:

Characterization;
Comparison;
Clinical;
Control;
Consistency.

Characterization of product through knowledge of its biological, chemical and
physical properties.

Comparison of the characteristics of the product with the same or similar
characteristics of the naturally occurring antigen.

Clinical testing to insure safety, efficacy and purity of the product.

Control to ensure that the product retains its inherent characteristics.

Consistency of production to ensure continued product integrity.

As has been discussed throughout this conference, advances in molecular
biology and nucleic acid chemistry have led to the development of laboratory
techniques that can identify gene coding for biologically active substances. We
can accurately analyze the gene code and we can transfer these genes between
organisms to obtain controlled gene expression with the resulting efficient
synthesis of products for which they code. We have seen how a gene which
codes for a specific product can be isolated and then propagated by extracting
the DNA and inserting it into a suitable vector with the aid of enzyme
systems which cleave or join the gene insert at precise and specific points to
the vector. Then when the vector is introduced into a host organism, clones
can be selected which carry the desired gene. The progeny of the clones may
then be propagated in mass culture and gene expression obtained.

Vaccine production using rDNA technology

Let us examine briefly how the use of rDNA applies to a production opera-
tion for hepatitis B vaccine. Initially, one must develop an expression vector
which codes for the gene producing the hepatitis B surface antigen. In the
example expression vector seen in Figure 1, the plasmid pABC is constructed
by combining the gene for surface antigen (plasmid B) with other selective
marker genes, from plasmids pA, and pC.
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Let us assume pA is an auxotropic marker permitting yeast cell growth in
a medium deficient in one amino acid in contrast to the requirement of the
parent yeast, and pC is a color marker which causes the cells to produce a
purple pigmented colony on agar instead of the white colony produced by the
parent yeast. Then the final antigen expression vector can be inserted into a
yeast cell which can produce the three desired traits. Thus, we have a way in
which we can quickly identify the recombinant strain.

Cloning of the progeny from this cell results in a master cell culture or
master seed. This concept is most important since the progeny of the master
seed will yield quantities of the desired antigen or product in crude form
through fermentation processes.

Finally, through intermediate stages of extraction, concentration and puri-
fication, the antigen is obtained in a purified form which is held in a bulk pool
from which the final filled product is obtained.

Characterization

In order for the product to be characterized, let us start with the expression

vector. The constructs of the intermediate plasmids and the final expression

vector are examined:

1. To confirm presence of correct and complete DNA sequences by nucleo-
tide sequence analysis.

2. To confirm size, location and orientation of inserted sequences by restric-
tion enzyme analysis.

3. To demonstrate that DNA fragments hybridize to specific radiolabelled
probes as seen in autoradiograms from the Southern blot technique.

The host system itself must be characterized to show:
Passage history;

Presence of selective markers.;

Description of potential pathogenicity;
Phenotype;

Presence of any naturally occurring plasmids;
Presence of any integrated DNA sequences.

—o Qo g

Thus, characterization of the expression vector and the host cell system forms
the basis of the master seed concept which provides insurance of continued
consistent gene expression.
In the research and development stages, the product also must be
characterized:
a. To define chemical structure of the antigen by amino acid analysis and
amino acid sequencing.
b. To examine the general structure of the antigen polypeptides by peptide
mapping.
c. To determine presence of potential contaminants from host components
by chemical and immunological analysis, e.g.,
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1. Carbohydrates;
2. Ribosomal DNA;
3. Antigen DNA;
4. Protein.

Comparison

Equally important to characterization in the overall concept of the 5 C’s is
the second C - comparison. After rigorous identification and characterization
of the yeast-derived product by biological and chemical methods, it is
necessary to determine the structural, biological or immunological similarities
and differences between the recombinant and the naturally occurring HBsAg.
Electron microscopic observation of recombinant vaccine revealed the pres-
ence of spherical particles ranging from 17 to 25 nm in diameter (Figure 2).

Figure 2. Electron microscopic view of HBsAg particles in vaccine prepared from
recombinant yeast cells (scale bar = 100 nm).
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These particles were found to be similar in size to the naturally occurring par-
ticle in the plasma-derived vaccine (Figure 3).

Figure 3. Electron microscopic view of naturally occurring HBsAg particles in
vaccine prepared from human plasma (scale bar = 100 nm)

Sodium dodecylsulfate polyacrylaminde gel electrophoresis analyses under
non-reducing and reducing conditions revealed that the particles are com-
posed entirely of the non-glycosylated 24,000 molecular weight forms of
HBsAg and are highly cross-linked with intermolecular disulphide bonds.
The particles do not contain the 27,000 molecular weight glycosylated form
of HBsAg. This glycosylated form constitutes approximately 25% of the
HBsAg found in plasma-derived particles. In addition, the yeast-derived vac-
cine contains yeast specific proteins. Current production methods, however,
yield a product which is greater than 99% HBsAg.

By physical examination, it is evident that some properties of the recom-
binant vaccine are clearly similar but not identical to those of the plasma-
derived product.
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It is necessary also to compare the two vaccines by immunological analysis.
The plasma-derived vaccine which is composed of the HBsAg of the ad sub-
type was shown by Hilleman and others to induce protective immunity in
chimpanzees against challenge with virus of either ad or ay subtypes [4]. In
an identical series of experiments the yeast-derived vaccine, which is of the
ad subtype, was shown by Emini and others to induce protective immunity
in chimpanzees when challenged by virus of either subtype [3].

In addition, the plasma-derived and yeast-direved vaccine products were
used to absorb antibody from serum of persons vaccinated with either of the
two vaccines. From these studies Emini showed that the cross-adsorption
patterns indicated that the spectra of anti-HBs antibodies elicited by the two
products were similar, if not identical.

The results of potency testing of each vaccine in mice are quite similar also.
In 33 production lots of plasma-derived vaccines that have been made, a
mean potency ED;, value of 0.6 pg/ml has been seen. Similarly, the mean
EDy, of the 24 most recent lots of recombinant vaccine has been 0.3 pug/ml.

Clinical

The results of clinical testing to insure safety, efficacy and purity of the
product are continuously evolving and even a summary could not be pre-
sented in the limited time for this report. A relevant study which can serve
to illustrate the clinical “C”, however, was that of Zajac in which healthy indi-
viduals were vaccinated with 2.5, 5, 10 and 20 ug quantities of recombinant
DNA vaccine in order to access the degree of seroconversion and the eight
of antibody respons [6]. These studies showed that with healthy adults the
percentage of vaccines showing seroconversion for anti-HBs (titer greater
than 10 IU/l) was similar for all dosages at 3, 6, and 8 months, with 89 to
97% of recipients developing antibody by the 8th month, which was 2 months
after the second injection.

The geometric mean titer of vaccine responders at 8 months varied with
dosage, with higher GMT’s being obtained with 10 and 20 ug doses of vac-
cine than with 2.5 and 5.0 ug doses. In the same report, the effect of age of
recipient and antibody response was studied also. This portion of the study
showed that younger adults in the 20-29 year age group demonstrated more
active response to 10 ug doses of vaccine than did those older than 50 years of
age. The effect of age was evident not only in the seroconversion rates follow-
ing one or two injections but in the GMT of responders receiving 3 injections
of vaccine. Most notable, however, was the fact that three 10 ug doses of vac-
cine produced seroconversion in 91% of adults 50 years of age or older.

Control

The time cycle of the first 3 C’s extended over a period of several years. Con-
current with the clinical trials, scale-up of the production operation occurred,
stability studies were initiated, and assay facilities expanded. Negotiations
continued with the personnel of the U.S. Office of Biologics and other regula-
tory agencies world-wide to establish assay procedures and firm specifications.
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Quality control of a biological product is not limited to a series of assays
performed on the contents of a few final filled containers, but is based upon
overall knowledge and testing of various intermediate steps of processing.

The World Health Organization recommendations issued for hepatitis B
vaccines made by recombinant DNA technology state that the novelty of the
recombinant DNA derived vaccines and the procedures that are used in their
manufacture dictate a need for reasoned caution in their control [7]. This
point, however, is tempered by the statement in the WHO recommendations
that certain tests should be required on every production batch of vaccine but
others will be required only to establish validity, acceptability and consistency
of a given manufacturing practice.

Throughout the development of the commercial process and scale-up to
final production operations, the concept of in-process control has been
emphasized and carried out. This was particularly valuable in defining fer-
mentation parameters which show the structure of the expression vector and
characteristics of the host cell prior to full-scale fermentation cycles.

After fermentation, the yeast culture is examined for culture purity and
plasmid stability. During intermediate stages of purification, the antigenic
content is followed with assays to determine degree of purity. For example,
at the final aqueous stage prior to alum adsorption, the following are ex-
amples of the tests that are performed on the product.

Sterility.

Antigen and protein content.

Purity

a. Gel electrophoresis
(1) Silver stain to demonstrate presence of P24 antigen;
(2) Western blot to detect surface antigen and possible yeast

impurities.

b. HPSEC to determine level of yeast protein.

c. Epitope configuration by monoclonal antibody.

LAL for endotoxin.

Reagent analysis.

QN =

o

After alum adsorption, addition tests such as sterility and absence of
reagents are repeated and, finally, the contents of the final container are sub-
Jjected to testing for:

Sterility.

General safety.

Reagent analysis.
Freezing point depression.
Identity.

Endotoxin.

Mouse potency.

N OO oo
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Consstency of process

In the production of any biological product, the fourth and fifth C’s are neces-
sary companions. The consistency of process is the basis of success for any
biological product. With the advent of rDNA technology, industry has witnes-
sed the introduction of production and analytical techniques that are capable
of producing large quantities of purified proteins and polypeptides that can
be precisely analyzed. Nevertheless, although physiochemical characterizati-
on can ensure a high degree of purity for a product made by recombinant
DNA methods, reliable and sensitive biological tests are needed to detect for
trace contamination that may be inherent in biological processes. Recombi-
nant DNA technology is a new tool and relatively little experience has been
gained of its use or of the control problems encountered; thus, it is necessary
for all manufacturers to show batch-to-batch consistency in identity, purity,
and quality of the product.

Conclusion

This presentation has covered practical considerations involved in the recove-
ry of HBsAg and its application as a vaccine using recombinant DNA techno-
logy. Although experience is beginning to show that coding for genes of other
virus sub-particles that are capable of eliciting an immune response in man
are not making as rapid progress as seen with HBsAg, the concentration of
effort that is underway, particularly in the field of AIDS research, promises
hope for additional rDNA vaccines in the future.
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PRODUCTION AND APPLICATION OF MONOCLONAL
ANTIBODIES IN T-CELL DEPLETION OF BONE MARROW
FOR TRANSPLANTATION

P. Hervé

Introduction

Recent biotechnological developments have provided an increasingly precise
and specific discrimination of cells according to their cell surface marker
phenotype [1]. Production and purification techniques of monoclonal anti-
bodies (MoAbs) have become standardized today. Their clinical application
(systemic infusion, ex-vivo purging) requires purification conditions and con-
trol methods which provide the clinician with a perfectly controlled product
which is compatible with its therapeutic use. At present, we have a wide panel
of MoAbs specific to T-cells at various differentation levels which provide
experimental and clinical investigations so that normal marrow T-cells
(GvHD prevention) or leukemia T-cells (minimum residual disease purging)
can be removed from the marrow.

In allogeneic bone marrow transplantation, acute and chronic GvH pre-
vention through T-cell depletion is currently the most alluring procedure al-
though its actual future is being widely debated. The ideal procedure would
be to remove only those T-cells which cause the GvH reaction while pre-
serving the allo-reactive Tcells involved in graft versus leukemia (GvL) and
Host-versus-Graft reactions (HvGR). In autologous marrow transplantation
there are multiple purging methods that should kill the residual leukemic cells
in vitro. It is important to determine that the purging procedure has not
adversely affected the hematopoietic potential of the marrow. We must
demonstrate that the leukemic cell removal has been achieved with high effi-
ciency. The characteristics of anti T-cell MoAbs at our disposal, and their
main applications in the removal of normal and leukemic T-cells in allogeneic
and autologous bone marrow will be described here.

Analysis of T-cell MoAb panel

In spite of its wide application, the essential of the hybridoma technology for
making MoAbs has changed little over the years [2]. At the time of the 3rd
International workshop on human leukocyte differentiation antigens, 225
antibodies specific to T-lymphocyte antigens were submitted to the analysis
[3] The antibodies which showed similar binding patterns were clustered.
Clusters of 3 or more antibodies from different laboratories, were given CD
designation by the WHO nomenclature committee. Clusters of anti-T cell
antibodies CD1 to 8, CD25 and CDW26 were previously defined (Table 1).
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Table 1. T-cell antigens. Previously and newly defined clusters.

Antigen Name of antibody Reactivity

designation

(from

workshop)

CD1 NA1/34,0KT6,D47 Thymocytes

CD2 OKT11,Leu5,D66,CT2 Pan-T lymphocyte (sheep eryth. receptor)
CD3 OKT3,UCHTI,Leu4 Pan‘T' lymphocyte

CD4 OKT4,Leu3 T helper/inducer

CD5 T101,A50,0KT1,Leut PanT lymphocyte

CD6 MBGH6,12.1 PanT; Subpopulation of B

CD7 3A1,Leu9WTH,I21 Pan‘T lymphocyte

CD38 OKT8,Leu2, RFTS T cytotoxic/suppressor

CD25 3A3,33B3-1 Interleukin-2; Receptor

CDW26 4 Elic 7 Activated T-cells

CD27 OKT18A vit14 Mature T-cell antigen

CD28 9.3, KOLT2 Subpopulation of T-cells

CDW29 K20,4B4 Subpopulation of CD4-positive cells

Table 2. Applications for marrow purging in allogeneic and autologous marrow
transplantation

MoAbs and complement (rabbit, human)
Immunotoxins

- intact ricin (A + B chains)

- ricin A-chain + NH,CI
Immuno-physical separation

- magnetic immunobeads

Three new clusters were established: CD27, CD28 and CDW29. CD1 was
divided into CDla, CD1b and CDIc recognizing three different glycoproteins
[3].
MoAbs identify T-lymphocytes, and have proved to be sensitive and dis-
criminatory. Many of these MoAbs react with immature T-cells; others react
with more mature T-cells. Some of these identify antigens found on all T-cells
(panT MoAbs), whereas others bind only on T cell subsets. MoAbs with
important specificities may be difficult to use in the laboratory or clinical situ-
ation because they are of classes or subclasses which do not have the required
effector functions or which have unfavorable physical or chemical properties
(i.e. affinity of the antibody for antigen-bearing cells, association and dissocia-
tion rate constants) [4]. MoAbs may be difficult to use for bone marrow purg-
ing because they are of an isotype that does not fix complement and cannot
mediate C' dependent cytotoxicity (i.e. IgGl). The IgG3 isotype may be rela-
tively insoluble and sometimes precipitate in the cold. IgG2 (a,b) and IgM
isotypes appear to be the most effective antibodies in mediating C’ lysis of
target cells.
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The importance of quality control in the production of MoAbs is fully recog-
nized insofar as we intend to use MoAbs both for systemic infusion and for
ex-vivo marrow purging. De Rie et al. have recently described their protocol
for the isolation of MoAbs from ascitic fluids [5]. The purification scheme
consisted of Ig purification by standard ion exchange column chromato-
graphy. Mouse and myeloma cells were tested for the presence of retrovirus.
Sterility and pyrogen tests have to be performed to define a suitable antibody
for clinical use.

When MoAbs are used in in vivo applications, care should be taken to pre-
vent adverse reactions. We need a preparation devoid of aggregates and other
foreign proteins. High performance size exclusion chromatography (HP
SEC) seems the most sensitive technique for a biophysical evaluation of puri-
fied Ig preparations. For each MoAb used in an assay procedure the methods
of production, purification and storage of the antibodies should be
documented.

The production of functional chimeric mouse/human antibody consisting
of mouse variable regions (idiotype) binding to human constant regions
results in a less immunogenic antibody that binds human complement more
effectively [6]. That chimeric antibody may have important clinical applica-
tions in the future.

Application of anti-T cell MoAbs to the GvHD prophylaxis
1. Graft-versus-Host-Disease (GvDH)

Despite fully matched histocompatibility and the use of immunosuppressive
agents after BMT (methotrexate, cyclosporin A, steroids) severe forms of
acute GVHD contribute to early mortality. Out of 1,106 patients reported by
the EBMTG, the acute GvH rate was as follows: mild (grade I) in 23%,
moderate (grade II) in 20% and severe (grade III-IV) in 21%. It was not
observed in 36%. Chronic GvH occurred in 24% of the patients (extensive
in a third of the cases). Patients who survive severe acute GVHD suffer from
the consequences of chronic GVHD, i.e.: immunodeficiency, infectious com-
plications (viral infections), prolonged hospitalization, autoimmune disorders
and require immunosuppressive therapy for months if not years [7]. There-
fore all efforts have to be made to prevent severe forms of acute and chronic
GvHD in most cases, so that allogeneic marrow transplantation becomes a
fairly safe procedure.

On the basis of studies in experimental animal models, attempts to prevent
GvHD have been made by removing alloreactive T-lymphocytes [8]. It is not
yet known today whether all the T-lymphocytes must be removed. Korngold
and Sprent [9] found that contamination of the marrow with a low percentage
of T-cells (0.3%) was enough to cause a high incidence of lethal GvHD in
histoincompatible BMT in mice.
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2. Removal of GvHD producing T-cells from the allogeneic marrow

A large number of different immunologic methods which have been reported
aim to remove >99% of T-cells from the marrow donor (Table 2). Antibody
mediated methods have prevailed until now in the pilot clinical studies [10,11].

a. Complement mediated cytolysis

This method depends on many critical factors reported in Table 3. Based on
studies using animal models, pan-T' MoAbs + associated with antibodies that
recognize T-cell subsets (CD4, CD8) are highly effective in preventing severe
forms of GvHD (magnitude of depletion: 90 to >99%) according to the
MoAb cocktail composition and the number of treatments performed. The
pioneer work by Prentice ef al. [12] has recommended T-cell depletion with
panT MoAbs followed by rabbit C' incubation. This method has provided
the investigators with an overall lower incidence and severity of acute GvH.
Since the Ist study this technique of T-cell depletion has been widely applied
in clinical BMT [13-16].

Table 3. Inherent problems associated with in vitm puring by means of MoAbs and
complement.

Antibodies have to bind C’

This technique depends on many variables viz,

- expression of antigen

- cell concentration

- possible anticomplementary activity from bone marrow cells
Multiple MoAbs are more effective than a single one

Rabbit C’ is more effective than human C’

Some lots of C' can inhibit normal stem cells

There is a variation in the C’ lytic activity from one lot to the other
The cost of baby rabbit C’ is high

Following tumor cell lysis there is a possible transfection to normal cells

Although the question remains open to discussion, should all T-lymphocytes
be removed, or would the removal of a certain subset suffice to prevent
GvHD? Most investigators have included one or several panT MoAbs in
their antibody cocktail [13,15,17,18] To reach a magnitude of >99% T-cell
depletion, we need at least 2 cycles of complement. Nevertheless, when using
a single treatment, we, with others, reported an effective prevention of severe
forms of GvHD [13,17]. Anti‘T cell MoAbs, chosen with a view to purging
T-cells from the marrow, have been included in the 8 defined cluster groups
(CD1 to CD8). All the antibodies fix rabbit C' (IgG2 or IgM isotype). Baby
rabbit C' is recommended despite its high cost. It is selected on the basis of
the lack of heterohemagglutinins and toxicity on hemopoietic progenitor cells.
A constant rate of calcium, magnesium, HU-50 and reproducible cytotoxic
activity with MoAbs are needed. Preclinical studies were performed to deter-
mine the optimal dosage of each antibody chosen according to the marrow
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cell concentration (< 3.107 NC per ml). The identification of residual T-cells
was performed either by indirect immunofluorescence (cells were counted by
microscope or flow cytometry), PHA culture or by limiting dilution [19]. As
a total removal of T-cells is unnecessary in HLA identical BMT, indirect IF
proves to be a most suitable method.

Most of the anti-T cell MoAbs were found to be relatively inefficient when
human C' was used to obtain lysis, although the ideal method would have
consisted of using human C’ in the C' mediated lysis system Waldmann et
al. selected Campath-1 [16], a rat IgM antibody, to remove T-cells from
marrow. Campath-1 shows an undefined antigen present on virtually all
normal T and B lymphocytes and monocytes.

b. Ex-vivo immunotoxin (IT) treatment [20]

Preclinical studies have indicated that IT are efficient when compared with the
C’ mediated lysis method of T-cell depletion [21] It is composed of MoAbs co-
valently coupled to bacterial or plant toxins. The antibody targets the IT to
the cell, while the toxin inhibits protein synthesis and causes cell death follow-
ing internalization of the IT. Different toxins, including ricin or its A-chain
subunit as well as diptheria toxin or Pokeweed Antiviral Protein (PAP), have
been used. Ricin is one of the frequently used toxins in the preparation of
IT. B-chain in the conjugates facilitates the entry of the toxic A-chain into
target cells. The B-chain ricin binds galactose residues to the cell surface and
the A-chain inactivates ribosomal subunits enzymatically once it is translocated
from the endosomes into the cytosol. Treatment with intact ricin requires the
presence of lactose to block the galactose binding site of the B-chain effective-
ly. A-chain ricin IT can be used provided that ammonium chloride is added
to the culture medium and pH is alkaline. Whole ricin or the A-chain is linked
to MoAbs included in the CD2, CD3, CD5 and/or CD7. It is known to in-
hibit human T-cell proliferation. Protein synthesis is inhibited both in T-cell
lines and normal T-cells. The investigators have used a mixture of either anti
T-cell ITs (TA1-IT+CD2-IT+CD5-IT) or a single CD5/T101-IT to pretreat
donor marrow. Both approaches were efficient in terms of T-cell inhibition
and were suitable for GvHD prevention [22].

¢. Immunomagnetic treatment of bone marrow allografts [23]

In preclinical studies, Vartdal et al. have shown that magnetic microspheres
coated with MoAbs specific to T-cells may deplete T-cells from the bone
marrow without harming the hematopoietic precursor cells [24]. MoAbs of
the IgG isotypes were coated indirectly, in a second layer on microspheres
precoated with anti-mouse IgG antibodies whereas the MoAbs of the IgM
isotype was coated directly on the microspheres. Immunomagnetic T-cell
purging was shown to be efficient, leaving less than 0.025% ERFC in the
purged marrow. The viability of marrow cells exceeded 99% in all experi-
ments and the recovery of non T-cells, after purging, varied from 43-74%.
This technique is a fast and efficient means of T-cell depletion; however a
pilot clinical study is needed particularly as stable engraftment was not
obtained in the first two patients treated with an immunomagnetic T-cell
purged marrow [24].
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GvHD prevention through T-cell depletion — clinical results (Table 4)

An effective prevention of GvHD has been demonstrated in 298 HLA-
matched BMT reported by 8 teams throughout the world. Six teams used
C‘mediated lysis with a cocktail of 2 to 8 antiT MoAbs and 2 teams used
pan-T" MoAbs, linked to ricin (either intact ricin or A-chain only). In 37
patients (12.4%) an acute > grade II GvHD occurred; 56 patients (18.8%)
experienced graft rejection and/or autologous marrow recovery. In our insti-
tution, compared with our initial experience, i.e. (non graft failure in the first
32 patients) [13], between November ’85 and September ’86, several patients
showed evidence of either non take (2 patients), graft rejection (6 patients) or
autologous reconstitution (4 patients). Engraftment failure in most cases was
concomitant with viral infection, particularly CMYV infection. It was obvious
with all but two published clinical studies (especially in 2 randomized studies
[14,25]) that leukemia relapse was more frequent in the T-cell depleted group
than in the controls [26].

Table 4. Incidence of graft failure and actue GvHD

Methods Number Graft Actue GVH Reference

of failure >grade II

patients
CD6+8+2C’ 34 3 3 Prentice [18]
8 anti MoAbs+1C’ 47 13 13 Martin [15]
CD2+5+7+1C’ 43 8 3 Hervé [13]
Campath-A +2C’ 44 8 0 Slavin [27]
Campath-1+1C' 39 4 9 Apperley [26]
CD2+5+7+1C
or 47 12 3 GEGMO [25]
CD4+5+8+1C’
CD5-Ricin A 27 4 2 GEGMO (unpublished)
TA1-CD3 +5-whole ricin 17 4 4 Filipovitch [22]

T-cell depletion remains the best method available in preventing GvHD.
Furthermore, we have to point out that the quality of life is excellent. There-
fore the main question remains open to discussion: does graft failure and
leukemia relapse after T-cell depleted BMT contraindicate this GvHD pre-
vention procedure? We think that additional measures could be taken to over-
come complications induced by T-cell depletion; i.e. intensification of condi-
tioning regimen [27], in vivo MoAbs to control immune response if one could
define and deplete the cells which are responsible for marrow rejection.
Therefore, in our current protocol in patients at a standard risk of relapse
those presenting a low GvHD risk (i.e. sex matched, non-reactive mixed epi-
dermal cell lymphocyte culture), and conditioned with fractionated TBI+
cytoxan, receive an non-manipulated transplant and GvH prophylaxis with
methotrexate. Those presenting high GvHD risk, receive a T-cell depleted
transplant (an untreated autologous bone marrow rescue, harvested before
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the preparative regimen is started) and are conditioned with the TAM proto-
col (fractionated TBI+high dose Ara-C+high dose melphalan) in order to
overcome the host versus graft reaction and deal with leukemic relapse. In
both groups, chimerism is analyzed by restriction fragment lenth
polymorphisms (RFLP) to determine the percentage of full chimerism and
mixed chimerism respectively. Other investigators are evaluating the effective-
ness of in vivo MoAbs (panT MoAbs, anti human LFA,) to over come the
HvGR [29,30]. Preliminary results imply that mismatched BMT (higher
than 1 locus disparity) using additional immunosuppression (high dose Ara-C,
MoAbs in vive, antithymocyte globulins) and T-cell depleted inoculum could
be possible with a low incidence of graft failure or servere GvHD [31,32].

Autologous bone marrow transplantation (ABMT) in T-cell
malignancies. Ex-vivo purging of inoculum with MoAbs

The lymphoid T-cell proliferations show a certain number of differentiating
antigens identified by MoAbs. The antibodies have provided a classification,
in terms of a differentiation level, of malignant T-cell proliferations. ALL and
T-lymphoma in children and adults can be distinguished by their antigenic
phenotype. The panT MoAbs which belong to the CD2, CD5 and CD7,
identify most of the malignant T-cell proliferation [1]. The CD7 reagents
alone (WT-1, RFT2, 3Al, Leu 9, I 21) covering the vast majority of T-ALL
cases. A panel of anti‘T’ MoAbs provides key reagents for differential diag-
nosis (phenotypic analysis of T-lymphoid malignancies) and therapy (ex-vivo
and in vivo purging) [33].

Current ABMT protocol rely on the efficiency of ex-vivo techniques which
are capable of reducing, to a maximum log, the number of residual conta-
minating leukemic cells in the inoculum. Anti-T' MoAbs with C’ or linked to
ricin, may be applied to residual targeting T-ALL cells from the marrow prior
to cryopreservation. Campath-1 could also play a part in purging T-ALL bone
marrow prior to ABMT [34]. The crucial conditions for purging autologous
marrow through C' mediated cytolysis have been defined previously [35].
Ex-vivo treatment of the bone marrow should be standardized in terms of
cell concentration, choice of MoAbs and precise doses which must be used as
well as temperature and incubation time of the C’ with the cells. There is no
close concordance between the log target having small volumes of cell suspen-
sion treated (magnitude of depletion higher than 99.9%) and that obtained

Table 5. T-cell depletion from marrow harvested in T-ALL during CR.

Number T-ALL T-cells in BM Residual T cells* Percentage of

(harvested marrow)  prior to purging after purging cytoreduction

8 mean 22.7% + 6.5 1.07% + 0.2 98 + 1.03
range (14-33) (0-1.5) (96->99)

* IF positive, EB negative.
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Table 6. Quantitative assays in the detection of residual leukemic

cells.

Methods of evaluation Log killing
Indirect IF*/** 2

Double staining combination*/** (IdT+T-marker) 4

Flow cytometry*/** 1.5-2
Hoechst dye technique®*/** 3-4

51Cr release*/** 2
Clonogenic*/** >4

125 TUDR uptake assay** 3-4
Rearrangement of the T-cell receptor genes* 1.5-2

* Clinical conditions.
** Preclinical model.

in a clinical situation with large volumes of harvested marrow (Table 5) [36].
A mixture of IT specific to most cases of T-ALL can inhibit > 4 logs of
leukemic cells while sparing most hemopoietic progenitor cells [37-39]. Each
IT inhibits 1 to 4 logs of clonogenic leukemic cells (ie. MOLT 3, 4, CEM).

Prior to bone marrow harvesting in acute leukemia we can use more or less
sophisticated methods to detect minimal residual disease and to define the
quality of the harvested marrow [40]. We need to look at new ways to identify
residual leukemic cells to allow us to measure what we are doing. The quanti-
tative assays for detection of residual leukemic cells prior to and after C’
mediated lysis are shown on Table 6.

Commentary

The availability of a broad panel of T-lymphocytes specific MoAbs has made
possible to study T-lineage ontogeny. All maturity steps can now be identified
using phenotypic markers of normal T-cells. This knowledge of the pathway
of normal T-lymphocyte differentiation has enabled the classification of
T-ALL into three groups according to their level of thymic differentiation.
MoAb production and purification procedures have been forced to adapt to
clinical requirements in order to provide the clinician with a product devoid
of pyrogens and bacterial and viral contamination. The MoAb isotype is
dictated by the method chosen to treat the marrow graft i.e. for complement
dependent lysis IgM or IgG2 isotypes are necessary, while IgGl isotypes are
compatible with immunotoxin use and the magnetic immunobead separation
technique.

Whatever the depletion technique employed for either allogeneic (GvH
prevention) or autologous (removal of residual leukemic cells) transplanta-
tion, the ultimate aim is to deplete the graft of ‘unwanted’ T cells. However,
the two types of BMT are characterized by the choice of MoAb to be employ-
ed and the degree of T target cell depletion desired. In autologous BMT total
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removal of the leukemic T-cell population is desirable. As yet no reliable tests
are available to determine the efficiency of this ex-vivo depletion. Furthermore
the removal of all cells expressing the target T phenotype from the inoculum
does not necessarily mean leukemic progenitor cell depletion. It is hoped that
with the advent of molecular biology (T-cell receptor genes and DNA sequence
amplification) and clonal expansion techniques (spontaneous T-colonies)
residual disease detection will become possible. However the depletion effi-
ciency will ultimately be judged by clinical success (disease free survival) and
for statistical purposes many more patients are necessary. A different problem
rises in allogeneic graft depletion as the identity of GVH T effector cells re-
mains unknown. If these effector cells could be identified, selective depletion
would become feasible thus enabling the preservation of GvH and HvG reac-
tions in the allogeneic graft.

The future of T cell-depletion is under constant evaluation: T cell-deple-
tion is undoubtedly the best technique for preventing severe GvH; graft
failure or graft rejection (15-20% of cases) and a significant increase in relapse
incidence have been reported after T-cell depletion. Despite these latter com-
plications, the survival rate remains identical in both depleted and non-
depleted groups. This observation confirms that the acute GvH is one of the
major complications responsible for early mortality in non-depleted allo-
geneic BMT. Thus by employing MoAbs specifically directed against the
effector cells of the HvG reaction as well as conditioning reinforcement, speci-
fic complications in T-cell depletion might be prevented. The developments
in biotechnology will undoubtedly modify marrow graft treatment which up
to present has been dominated by complement dependent lysis. The latter
serves as a reference model for techniques currently under investigation (anti-
T immunotoxins, magnetic immunobeads). Regardless of the technique pro-
posed, the quality control of MoAbs is an essential pre-requisite for their use.
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LAK CELL PRODUCTION: APPLICATION OF rDNA AND
CELL CULTURE TECHNOLOGY
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Introduction: The concept of immunological surveillance

The immunological surveillance theory, put forward by Ehrlich, Thomas and
Burnet [1] in the late fifties and sixties , starts from the idea that transforma-
tion of a normal cell into a tumour cell is not a rare event, but occurs quite
often during a normal life-time. To counteract the continuous development
of tumour foci, the theory predicts that the immune system executes active
anti-tumour surveillance. In the normal situation, this results in the immune-
mediated destruction of newly formed neoplastic cells. However, if the immune
system functions inappropriately or if a tumour cell has a very low immuno-
genicity, outgrowth of a cancer may occur. Based on this theory, early anti-
cancer immunotherapy aimed to restore the apparently diminished immune
capacity of cancer patients in order to adjust the imbalance between tumour
cell growth and anti-cancer immunity. In most cases, however, this kind of
immunotherapy was not very successful as a cancer therapy.

The main presuppositions of the immune surveillance theory, i.e. the con-
tinuous generation of tumour cells as well as the ready recognition and
destruction of spontaneously formed tumour cells by the immune system,
have been challenged by a lot of data since then, and, in effect, the theory
as such has been abandoned.

Nevertheless a number of aspects of immunological surveillance are worth
while and may be used to construct a new theoretical basis for tumour
immunology. A large number of data, obtained both in fundamental and
clinical studies, shows that, under the right circumstances, immune cells can
recognize and destroy tumour cells. This immune reactivity comprises both
‘specific’ and ‘non-specific’ elements of the immune system. Immunotherapy
based on ‘specific’ reactivity has been shown to be effective in experimental
animals [2] and even bulky disease can be cured in this way [3]. Although
‘specific’ anti-tumour immune reactivity appears to be present also in
humans [4], the generally poor immunogenicity of human-derived tumour
cells has thwarted efforts to induce specific anti-tumour responses in patients.
More fundamental studies of the complex events underlying the ‘specific’
recognition of tumour-associated antigens in humans are clearly needed,
before such a problem may be overcome. It has been known for years that
the ‘non-specific’ elements of the immune system can recognize and kill a
number of established tumour cell-lines. This natural killing is mainly exe-
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** Red Cross Blood Bank Groningen-Drenthe.
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cuted by a specific subset of lymphocytes dubbed according to their function
as Natural Killer (NK) cells [5]. NK cells have been shown to belong to a
lymphocytic lineage separate from T and B lymphocytes, and to account for
about 5-15% of the peripheral blood lymphocytes. they are phenotypically
characterized by the expression of the cell markers CD-16 (an Fc Receptor
detectable by the monoclonal antibody LEU-11) and NKH-1 (detectable by
LEU-19), whereas the T-cell marker CD-3 lacks. More recently it was shown
that the ‘natural killing’ activity of NK cells is markedly enhanced by inter-
feron [6] and interleukin-2 [7,8]. Interleukin-2 can activate also T cells to exe-
cute both ‘specific’ and ‘non-specific’ killing of tumour cells [9,10]. Since
activated NK cells, in turn, can release a number of lymphokines in the same
way as T cells do [11], it is clear that complex interrelationships between ‘non-
specific’ and ‘specific’ elements of the immune system exist in the in vwo
situation.

The need for an understanding of these interactions is urged by recent
biotechnological break-throughs, like the production of monoclonal anti-
bodies and the application of recombinant DNA technology for the produc-
tion of lymphokines. These new biotechnological tools have greatly enhanced
the possibilities to manipulate the i vivo immune system.

In the following, current knowledge of the different effector cells operative
in immune-mediated cell destruction is given. In addition, the possible use
of recombinant interleukin-2 to activate these cells for tumour destruction is
indicated.

Immunological effector cells and the induction of LAK cells

The cellular immune-reactivity against tumours comprises both innate (‘non-
specific’) and acquired (‘specific’) immune functions. The innate immune
functions are executed mainly by NK cells, whereas the acquired immunity
is mediated by antigen-specific cytotoxic T lymphocytes (CTL). Although
other factors and cells [12] may also play a role, only the NK cells and CTL
are dealt with here, since these are thought to be the most important ones in
host resistance towards tumour growth.

CTL and NK cells differ concerning their recognition of target molecules
on a tumour cell. NK cells recognize a still unknown, common target structure
present on an array of different tumour cells. CTL interact with a unigue
target molecule that, in addition, is only recognized if specifically presented
on an autologous target cell. Recently a new type of CTL has been shown
to be present in peripheral blood [13]. This newly discovered type of CTL
appears to have a specificity of target recognition that is intermediate to the
common tumour cell identification of NK cells and the unique specificity of
the above mentioned ‘classic’ type of CTL.

The effector functions of both CTL and NK cells are under regulatory con-
trol. This control is mediated by specific regulator proteins, the lymphokines
[14]. Lymphokines are released by specific lymphocytes, but can be produced
also by non-lymphocytic cells. Therefore a more correct name would be ‘cyto-
kines’. Here the current designation ‘lymphokines’ is retained, since only
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their role in the communication between different cells of the immune system
will be dealt with. A large number of different lymphokines has been isolated
and characterized until now. For instance: the different interleukins, the inter-
ferons and tumour necrosis factor (TNF).

Normally, during the local induction of an immune response, lymphokines
are released by macrophages and helper T cells. The amount of produced
lymphokines is not very high under these circumstances and, because of their
short biological half-life, the activity of most of these lymphokines will remain
local.

A number of lymphokines can be obtained now in a pure form and in large
quantities by means of the recombinant DNA technique. A well-known
example of such a lymphokine is interleukin-2, which is a 15,000 dalton glyco-
protein normally released by specific helper T cells and which can trigger and
amplificate the function of both NK and CTL.

An interesting observation, originally made with crude interleukin-2
preparations was, that lymphocytes incubated in tissue culture medium con-
taining I1-2, developed the ability to lyse freshly obtained human tumour cells
[7]. These interleukin-2 activated lymphocytes were much more potent killer
cells than the (unstimulated) NK cells mentioned above. This finding, called
the lymphokine activated killer (LAK) cell phenomenom, could be extended
to the in vivo situation, since it was subsequently shown that administration
of high doses of rll-2 mediated the regression of tumour metastases in an
experimental animal system [15]. The doses required for tumour regression
were very high, however, ie. just below those causing major toxicity [15].

The first clinical studies with the application of rIl-2 show a similar picture.
For instance, a Phase I study at the National Cancer Institute [16] using both
natural and recombinant I1-2 indicated dose-limiting toxicity, as manifested
by marked malaise and weight gain, at doses of rIl-2 of 106 U/kg as a single
bolus or 2000 U/kg/hr. In 2/25 patients (with melanoma metastatic to the
lung) partial tumour regression was observed [16], suggesting that I1-2 indeed
might stimulate lymphocytes to become LAK cells. However, the doses thera-
peutically needed are too high.

A combined in vivo/in vitro stimulation protocol was subsequently developed
by Rosenberg and coworkers [17] to overcome the problem of in wvivo
interleukin-2 toxicity. In this protocol (called the LAK cell protocol), treat-
ment is given in different cycles. One cycle (Figure 1) is started by administra-
tion of subtoxic doses of rIl-2 (105 U/kg tid) to a patient during a relatively
short period of time (5 days). Then, after an additional three days, peripheral
blood lymphocytes are isolated on a number of consecutive days and these are
further stimulated in vitro with high doses of rIl-2 (1000 U/ml) during 3-5
days (LAK cell culture). Subsequently these LAK cells are reinfused in the
patients, again in combination with rIl-2 (10° U/kg). The first clinical results
with the LAK cell protocol (Phase I study) indicated that the therapy,
although still quite toxic, was tolerable for the majority of patients [17]. In
addition, objective tumour responses in about 30% of treated patients could
be observed. Later studies [a.0. 18] showed tumour responses in 10—-20% of
treated patients. The fact that relatively long-lasting, complete remissions
were seen in a number of these patients justifies a conclusion that LAK cell
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National Cancer Center
LAK Cell Protocol

Assess tumor response every
four weeks after commencement of treatment

\ IL-2 100,000 units/Kg tid
days1-5
IL-2 100,000 units/Kg ud /

days 12- 16 Leukapheresis
days 8- 12

One Treatment Cycle

LAK Cell Infusion LAK Cell Generation
days 12, 13, 15 days 8-15

Figure 1: National Cancer Center LAK cell protocol.
Treatment is given in a number of cycles.

therapy is a promising treatment option for cancer. It should be kept in mind,
however, that the LAK cell protocol is propably not in its final form of
development, and that modifications will be brought forward in due time. It
can be anticipated that, if this or other forms of anti-cancer immunotherapy
can be further improved, just as what happened with the earliest efforts to
apply surgery, radiotherapy and chemotherapy to the treatment of cancer,
these new treatment options could have major impact for the future therapy
of cancer patients.

In the following, some modifications of the LAK cell protocol are indicated
and discussed.
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Isolation of peripheral blood lymphocytes by lymphosurge

A problem hampering the routine application of the LAK cell protocol is the
difficulty to generate sufficient numbers of LAK cells. These must be handled
and cultured aseptically before they can be subsequently used for safe sys-
temic therapy. The elutriation technique used for leukocyte-poor platelet col-
lection (Haemonetics V30-1) can be modified in such a way that sufficient
numbers of lymphocytes can be isolated with minimal cross-cellular conta-
mination. In addition, this procedure enables a wash stage and subsequent
cell culture in CLX containers.

The lymphosurge elutriation technique is based on differences in sedi-
mentation speed between the different blood cell components (platelets,
leukocytes and erythrocytes). Sedimentation of these blood cells during cen-
trifugation is opposed in the technique by applying an adjustable plasma
stream (surge) in the reverse direction. This results in concentration and sub-
sequent elutriation of the individual blood cell components. This technique
takes into account different donor parameters (like plasma viscosity and cell
shape), which are generally not known before the start of the procedure.
Figure 2 depicts the sequence of events during a lymphosurge procedure.
Three phases are important.

Phase 1: the buffy coat formation phase;
Phase 2: the buffy coat collection phase; and
Phase 3: end of collection.

The quality of cell separation and the width of the buffy coat are determined
by the centrifugation speed and time, which, in turn, depend on the draw
speed. During the procedure, the plasma optical density is taken as a refer-
ence value. When the bowl optics start to detect the buffy coat, the surge
pump begins to recirculate the collected plasma with a speed of 80 ml/min.
This pump speed is gradually accelerated with 5 ml/min every second, until
it reaches the speed necessary to float off the platelets and lymphocytes (surge
incremental limit: ‘SIL). The surge pump speed is kept at the SIL value, until
the platelet peak (which has the greatest optical density) is detected. In the
next phase of the surge, the plasma surge speed is increased according to the
platelet/white cell factor (P/WC), which is determined as a proportional incre-
ment of SIL (note: in the elutriation technique for leukocyte-poor platelets
collection, the pump speed is decreased at this point of the procedure). Once
the platelets have left the bowl, the increased speed will also result in the sub-
sequent floating out of the lymphocytes, and then these can be specifically col-
lected. The end of collection is marked by the arrival of the erythrocytes as
detected by the bowl optics. The volume of the lymphocyte product is deter-
mined by the lymphocyte collection volume (LCV). This volume can be
varied. For instance, LCV increases/decreases by starting the collection ear-
lier/later, which will result in a higher/lower yield, but with more/less (plate-
let) contamination.
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Figure 2: Dynamics of the elutriation technique for leukocyte poor platelets
collection and its modification for lymphocyte collection.

Our preliminary results with the lymphosurge elutriation technique are
summarized in Table 1. In these experiments, the effect of variations in the
draw speed and the LCV were investigated. The two other parameters (SIL
and P/WC) were kept at a preset value. It is concluded that a draw speed of
60-65 ml/min with a LCV of 50 ml is optimal with regard to the final
lymphocyte yield (x=2.5x109) as compared to low contamination with plate-
lets or red cells (as determined with the HCT in Table 1). Attempts to apply
a second soft spin to reduce the volume in order to concentrate the product
were not very satisfactory in our hands, since this resulted in a considerable
loss of lymphocytes (28% loss) and an increase of erythrocytes (as detected
by a13% increaseof HCT). Therefore thisconcentration stepis notrecommend-
able.
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Table 1. Preliminary results of the lymphosurge technique. 4 runs (n=10).

Variables Lymphocyte product

draw LCV SIL P/WC Volume WC lympho- plat HCT Volume
speed 109 cyte % 109 % processed

65 60 5 2 216 10.6 88 60 5 2214
60 50 5 2 172 15.8 89 30 45 2132
65 50 5 2 167 16.8 93 50 43 2150

185 14.4 90 45 46 2165

In conclusion, the lymphosurge technique is an elegant procedure for the
isolation of large amounts of lymphocytes, since both the yield and the
cellular cross-contamination is optimal. The patient as well as the lympho-
cytes endure only minimal isolation stress during the procedure.

Cellular composition of a LAK cell culture

Lymphocytes isolated both by lymphosurge (see above) and by standard
isopaque-ficoll density separation can be activated to become LAK cells by
incubation with rlIl-2 (200 U/ml) containing tissue culture media for 1 to 5
days. We found no clear differences between the two lymphocyte preparations
when their cellular composition or rll-2 induced proliferation capacity was
analyzed. In addition, the functional properties of both preparations were
similar as tested by determining their lytic activity against the NK sensitive
target cell line K562. It can be concluded therefore that the lymphosurge pre-
pared lymphocytes are well suited for further ‘bulk’ LAK cell preparation.

Table 2.  Phenotype of cells in a LAK
cell culture stimulated with 200 U
interleukin-2/ml for 5 days.

Antibody Percentage  Percentage
preparation at day 0 at day 5

LEU 4 80 81
LEU 3 38 42
Anti-CD8 42 40
LEU 14 11 8
LEU 7 3 4
LEU 11B 4 36
LEU 19 6 5
A-I1-2Rec 0 21
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Figure 3. LAK cell induced cytotoxicity as measured with 3Chromium release

assay. Target cells (K562 and GLC-8) were labeled with ¥Chromium and incubated

with effector cells (LAK cells stimulated for 5 days with 100 U/ml interleukin-2) for

4 hour. Lysis is measured as the amount of *Chromium released, expressed as a

percentage of the total incorporated *Chromium. The assay is done at different
effector to target (E/T) ratios.

After 5 days of LAK cell culture about 15% of the cells proved to be in the
S-phase of the cell cycle as determined by a 5BrdU incorporation technique.
Since this means that about half of the cells are growing and dividing, it was
of interest to determine if changes in cellular composition had occurred
during culture. No clear differences were observed as compared to the cellular
composition at the start of culture (Table 2). This was detected by the mono-
clonal antibodies LEU-4 (anti CD-3: pan T), LEU-3 (anti CD-4: T-help), T8
(anti CD-8: T-cytotox/suppr), LEU-7 (HNK-1: a subset of NK cells), LEU-19
(NK cells), and LEU-14 (anti CD-22: pan B). These results indicate that r]I-2
probably induces proliferation in all types of lymphocytes present in the cul-
ture and that no clear changes in cellular composition had occurred after 5
days culture yet. With longer culture times (two to three weeks) T cells appear
to overgrow the culture (not shown), indicating that T cells grow faster under
these conditions than the other cell types.

The only cell markers that were significantly changed at day 5 of culture
were the CD-16 molecule (Fc receptor as detected by LEU-11b) and the
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IL-2-receptor molecule (Table 2). The induction of these markers was both
time- and rll-2 concentration-dependent: higher rIl-2 concentrations induced
more cells in less time to become positive. The fact that 36 % of the cells were
positive for LEU-11b at day 5 of culture (stimulation with 200 U/ml rIl-2)
indicates that the Fc receptor is present not only on (activated) NK cells, but
also on the subset of activated T cells.

LAK cell activity against SCLC derived cell lines: Application of mono-
clonal antibodies

Until now, most success with LAK cell therapy has been obtained with
patients suffering from either melanoma or renal carcinoma [17,18]. In order
to determine whether LAK cells may be used to treat also patients with for
instance small cell lung cancer (SCLC), we assessed the in vitro susceptibility
of SCLC cells towards LAK cell culture in medium supplemented with
100 U/ml rll-2. Figure 3 shows that the ‘classic’ SCLC derived cell line
GvHD-8 is much more resistant to LAK cell induced kill than the control cell
line K562. The same result was obatined with the ‘variant’ SCLC derived cell
line GLC-1 (data not shown), indicating that SCLC cells are quite refractory
to LAK cell induced kill. “Variant’ SCLC derived cell lines represent a more
dedifferentiated form of in vitro SCLC as compared to ‘classic’ SCLC derived
cell lines [19].

The reason for the above refractoriness, which is propably a property
of more tumour types, is a matter of speculation. LAK cells recognize on
tumour cells (a) ‘common’ target structure(s), which nature is still elusive.
Since it is conceivable, however, that on some tumour cells these structures
are expressed to a low extent, or, alternatively, shielded off, this could cause
a bad recognition of such tumour cells by LAK cells. Thus, in this reasoning,
if the regular tumour cell recognition by LAK cells could be bypassed, then
also LAK-resistant tumour targets would be sensitive to the lytic action of
these LAK cells.

For such a purpose the following strategy may be adopted. During the past
years (mouse-derived) monoclonal antibodies have been generated, which,
although not really tumour-specific, are directed against highly tumour-
restricted antigens. These monoclonal antibodies can be used to retarget
LAK cells. The simplest approach to such a procedure would be to make use
of the fact that LAK cells have a receptor for the Fc portion of antibodies (i.e.
the CD-16 molecule). However, although LAK cells may indeed recognize the
Fc portion of a monoclonal antibody via this receptor, this is generally not the
case since only a subset of mouse immunoglobulins is recognized by human
Fc receptors. Therefore a better approach is to include such an antibody in
a ‘retargeting device’. Such a device should contain both a site with specificity
for a target molecule on the tumour cell (the anti-tumour monoclonal anti-
body) and a site to which the killer cell can adhere (an anti-killer cell mono-
clonal antibody). It is necessary that the killer cell adheres via a receptor
molecule, which directly or indirectly triggers its lytic machinery. Examples
of such receptor molecules are the CD-16 molecule (present in a LAK cell cul-
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Figure 4. The effect of a MOC-31/CD3 retargeting device (RD) on LAK cell
induced lysis. The ‘classic’ GLC-8 (MOC-31 positive) and the ‘variant’ GLC-1
(MOC-31 negative) SCLC derived cell lines were used as targets. LAK cells were
generated in a one day culture (stimulation with 100 U interleukin-2/ml) and pre-
incubated with the RD before adding to the targets.
Cytotoxicity was measured as indicated in Figure 3.

ture on NK and a subset of T cells), the CD-2 molecule (present on a subset
of NK and T cells), and the CD-3 molecule (present on T cells).

We have constructed a retargeting device specific for activated T cells by
chemically cross-linking a monoclonal antibody directed against a SCLC-
associated molecule (MOC-31: directed against a membrane determinant
present on ‘classic’ but not on ‘variant’ SCLC derived cell lines) to an anti-
CD-3 monoclonal antibody. MOC-31 is not really tumour-specific, since it
also reacts with a subset of normal epithelia [20]. Figure 4 shows that LAK
cells generated in a one day culture supplemented with 100 U/ml rIl-2 can
kill the ‘classic’ SCLC cell line GLC-8, provided that the MOC-31/anti-CD-3
retargeting device is present in the assay. This killing is specifically directed
against the MOC-31+ GLC-8 cells, since the MOC-31- ‘variant’” GLC-1
cells are not affected. This preliminary result, which is in agreement with
recent findings reported by others [21-23], indicates that it is possible to spe-
cifically direct the lytic capacity of killer cells towards an otherwise LAK-
resistant tumour cell target.
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Discussion

Recombinant DNA technology offers the possibility to obtain various
lymphokines in large quantities and in a pure form. Application of rIl-2 has
shown that this lymphokine can activate resting lymphocytes to become LAK
cells. In vitro, LAK cells can induce the lysis of a large array of tumour target
cells as well as virus transformed cells. In vive, the application of rIl-2 is
limited by its toxicity.

The LLAK cell protocol, originally developed by Rosenberg and coworkers,
partly overcomes this problem by combining an i vivo induction with a
further in vitro amplification of LAK cell function.

Reinfusion of these LAK cells has resulted in tumour regression in some
cases. These results reanimate an old hope, originally inspired by the immune
surveillance theory of Burnet, that immunotherapy of cancer may be an
achievable goal. However, as Dr. Rosenberg already pointed out in a reply
to a letter to the Editor written by Dr. Schulof [24]: “This (LAK cell) treat-
ment has not been proposed as definite or in the final form of its develop-
ment, but rather as a new treatment approach that one hopes is in its infancy”
[25]. One possible improvement could be the use of retargeted LAK cells as
discussed in this article. Different retargeting devices all with the same spe-
cificity for tumour cells on site, but with different specificities for different,
in the LAK cell culture activated, immune cells (e.g. NK cells, CTL, but also
T helper cells) on the other site may be used to direct all different kinds of
immune cells into a tumour.

In such a concept it is conceivable that different types of tumour-targeted
immune cells are usable for different types of tumour therapy [25]. For in-
stance, a tumour largely restricted to the blood circulation, like leukemia,
would be best treated with activated NK cells, since these killer cells are not
likely to leave the circulation. However, in the case of solid tumours, specific
types of CTL appear more suitable, since these cells can leave the capillary
bed.

Fundamental as well as clinical studies have to be performed to further
develop and establish the value of this new approach to cancer immuno-
therapy.
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BIOTECHNOLOGY OF HEMOPOIETIC CELLS IN CULTURE

J.D. Lutton, R.D. Levere, N.G. Abraham

Background

In the past few years, advances in biotechnology and gene cloning have con-
tributed much to the culture and identification of specific hemopoietic cells
and to the therapeutic application of blood cells or cell products in clinical
medicine. Recent insights on the regulation of hematopoiesis and the applica-
tions of new technologies now permit growth of significant quantities of blood
cells. Furthermore, these advances have permitted a more precise kinetic
analysis of hemopoietic growth induced by natural and synthetic growth
factors. Growth factors are new powerful tools which can be used clinically
for the manipulation of the hemopoietic milieu during disturbed hemopoietic
states. Clonal culture is useful in that it can be used to examine the viability
of stem cells from specimens that have been stored for various time periods
such as is commonly done in blood banks. Evaluation of stem cell viability
by such clonogenic assays and the separation of specific cell populations may
be of particular significance to the area of bone marrow transplantation. In
particular, recognition and quantitation of immediate progenitor cell com-
partments within a specimen is possible and the response of specific cell popu-
lations within the specimen to various biological response modifiers can be
evaluated. Additionally, clonal culture is a useful tool for examining stem cell
kinetics and growth patterns by bone marrow cells from disturbed hemato-
logical states.

Stem cells are considered to be ancestral cells that persist in post-natal life
which have extensive self-renewal capacity and provide the organism with
specialized end cells [1,2]. Hemopoietic stem cells are thought to arise from
embryonic blood islands after which they populate the liver, spleen, blood and
bone marrow tissues during embryonic and neonatal life. The bone marrow
becomes the major source of stem cells in the normal human adult organism.
However, reduced numbers of precursor cells are also found circulating in pe-
ripheral blood.

Kinetic studies suggest that stem cells do not have to be in a continuous
cell cycle, but instead may be in a G, phase and are able to shift into an
active G, phase under certain conditions. Such a shift into a G phase and
active cycle is thus vital for the eventual differentiation into a specialized com-
mitted cell series. Pluripotential stem cells are those that possess the capacity
to become specialized along several routes or compartments, whereas uni-
potential stem cells are those that form a series of committed cells within a
compartment terminating in end cells of one kind. End cells may be perma-
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nent end cells (static) or nonpermanent end cells that can cycle or expand
under specific conditions.

The in vitro growth of hemopoietic stem cell compartments into progeny of
differentiated cells requires specialized culture conditions and the presence of
specific growth factors or hemopoietins such as erythropoietin (Epo) and
colony stimulating factor(s) (CSF). When appropriate i vitro conditions are
obtained, colonies of cells may be obtained which represent cell lineages of
hemopoietic compartments including erythroid, myeloid, lymphoid and
megakaryocytic lineages [1,2].

Two types of tissue culture systems have been commonly used for analyzing
growth and differentiation of hemopoietic cells and their regulator molecules
[3-6]. They are the classical liquid culture and the so-called soft-gel culture
method. The liquid culture allows for mass growth of cells in a suspension
or as adherence to a culture flask. The soft-gel procedure allows for clonal
growth of immobilized cells in a semi-solid matrix, such as agar or methyl-
cellulose which has a soft-gel texture (Figure 1).

In the mid-sixties, Pluznik and Sachs in Israel [7] and Bradley and Metcalf
in Australia [8] reported the use of soft-gel method for the growth of individual
mouse bone marrow cells into colonies. These procedures employed a double
layer or semi-solid agar with the bone marrow cells seeded on the top layer
while the lower layer consisted of feeder leukocytes as the source of stimulants
or growth factors for bone marrow cells. After a period of incubation, colonies
or clusters of cells were found on the upper layer which subsequently were



177

identified to be composed of granulocytes and macrophages. The colonies
were derived from the bone marrow precursor cells with the colony forming
activity produced from the cells in the lower layer. In vitro generation of such
colonies has been shown to be derived from precursor cells called colony-
forming cells which are found in the bone marrow. These colony forming cells
are actually recognized as cells at a particular stage of differentiation and not
the true stem cells. Both the liquid suspension culture and the soft-gel method
has been used as assay tools for the cells as well as the regulators. The liquid
culture provides an advantage of assaying cells at any given time while the
other technique is advantageous for observing clonal development of cells.

Blood cell types of normal or leukemic origin have been used as in vitro
model systems that include human and various species of mammals. To in-
vestigate the controls of cell proliferation and differentiation, various cell lines
have been established [9]. These lines have specific characteristics at different
stages of development and in some cases may be arrested at specific stages of
the developmental process. Their growth characteristics and their develop-
ment toward maturer stages can be monitored and the regulator molecules
involved in this process can be studied. For example, the mouse Friend ery-
throleukemia cell line (FELC) and the human HL-60 promyelocytic leukemia
line have been employed extensively for the respective investigations relating
to red blood cell and myeloid cell growth and differentiation.

As indicated, growth of stem cell compartments into progeny of differen-
tiated cells requires specific growth factors or regulator molecules such as CSF
[10]. These molecules initiate a series of events such as limited proliferation
of a specific cell type followed by the induction of differentiation and a depres-
sion of proliferation. Changes in myeloid colony forming cells undergoing
differentiation include: a cell cycle shift from S-phase to G, phase and pro-
liferation cessation; loss of immature cell antigens and acquisition of new
membrane antigens and phenotypes; IgG and complement (C3) receptor de-
velopment and alterations in cell shape and adherence; changes in enzymes
such as myeloperoxidase, esterases, lysozymes and the development of func-
tional enzymes for heme, respiratory cytochromes and the cytochrome P-450
systems; acquisition of specific functions such as phagocytosis, drug meta-
bolism and immunological cooperation.

Maturation and autocrine factors

Specific lymphokines or other factors distinct from Epo or CSFs have also
been decribed which specifically induce differentiation, whereas other factors
induce replication of autologous cells without initiating differentiation. Thus,
autocrine and paracrine factors may regulate cell proliferation [11].

Chiao et al [12-14] have characterized, isolated, and purified a human
myeloid maturation inducer or D-factor which is produced by T-lymphocytes
and will induce terminal differentiation in normal and leukemic cells.
Autostimulatory growth factors (ASF or ASA) have also been described which
are distinct from D-factors in that they are produced by a specific cell type
and are capable of stimulating replication of the same cell type. Heil et al [15]
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Figure 2. Growth curves for L1210 cells grown in suspension cultures in the absence

or presence of 3-4-day conditoned media (CM) containing ASA. All cultures were

innoculated with 1x103 cells/ml at day 0 and then incubated at 37°C with 5% Co,
+ 95% air. Results represent M t+ SE, n=6.

have characterized ASA for human HL-60 myeloid leukemia cells and we
have described an ASA for murine L1210 leukemia cells [16]. The effect of
L1210 conditioned media (CM) containing ASA on L1210 replication is shown
on Table 1 and Figure 2 where it can be seen that ASA significantly enhanced
cell growth and 3H-TdR uptake over controls. Furthermore, on Table 2 it can
be seen that L1210 CM also contains CSF activity which is specific for
myeloid colony growth (CFU-GM). Note on this table that L1210 CM has no
effect on erythroid colony growth (CFU-E), whereas 10% 1.1210 CM stimu-
lated 115410 CFU-GM. ASA appears to be distinct from other CSFs since
addition of various CSFs to L1210 cultures had no enhancing effect on 11210



Table 1. Autostimulatory activity determined by 3H-Thymidine
(*H-IdR) uptake into” L1210 “cells exposed to conditioned
media (CM) containing ASA*.

3H-
Culture CPM of *H-TdR

Period
(days) Control CM

19,651 + 808** 39,129 + 3832

1
2 49,678 + 1583 61,697 + 1870
3 63,024 + 1458 114,718 + 912

* L1210 cells were plated into microtiter wells (1x10*
cells/well) without (control) or with 10% L1210 CM
and incubated for 1-3 days. Cultures were labeled
with 0.4 xC: SHTdR.

**M t SE.

Table 2. The effect of L1210 conditioned media (CM) on
murine erythroid and myeloid bone marrow colony growth.

No. bone marrow colonies/10% cells*

Additions CFU-E** CFU-GM***

Epo 342 + 39 ND****

Epo + 10% CM 345 + 22 ND

Epo + 20% CM 320 + 28 ND

— 0 2

10% CM 0 15 + 10
*M + SE.

** CFU-E were cultured in plasma clots with 0.4 U/ml
erythropoietin (Epo).

*** CFU-GM were cultured in metylcellulose for 7 days.

**** Not determined.

Table 3. Effects of different sources of colony stimulating fac-
tor (CSF) on 2-day L1210 growth*

Source of CSF Cell counts x10° after 2-day growth

Controls 3.5 + 0.2**
10% ASA 64 + 0.3
10% GCT 31 + 0.2
10% Mo-T 20 £+ 0.3
10% L-cell 3.7 + 01
10% WEHI 3.6 + 0.2

* Cultures were plated with 1x10° L1210 cells/rml + CSF,
and incubated for 2 days at 37°C.
**M + SE, n=4.
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Hierarchal Stem Cell Model
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growth (Table 3). Note on Table 3 that 2-day cell culture counts for con-
trols was 3.5x105, and cultures with GCT, Mo-I, L-cell or WEHI CSF con-
tained 3.1, 2.0, 3.7 and 3.6 x105 cells/ml. In contrast, cultures with ASA had
6.4x10° cells after 2 days of growth. Therefore, L1210 cells appear to elab-
orate factors such as ASA and CSF, and CSFs may be distinct from ASA in
that they have no growth enhancing effect on L1210 tumour cells.

Stem cell hierarchy

Enrichment of specific cell populations and identification of specific regulator
molecules such as CSFs along with morphological and kinetic studies have
provided data which help to clarify the hemopoietic stem cell hierarchy [1,2].
Such a scheme represents stages of stem cell differentiation into specific steps
which portray cells with increasing commitment and decreasing self-renewal
capacity. Figure 3 represents a stem cell hierarchy and illustrates the colony
forming units (CFU) within the various compartments, along with the pre-
sumed growth factors. Pluripotent multilineage progenitor colonies are desig-
nated as CFU-GEMM, and are grown in the presence of IL-3 or PHA condi-
tioned media, plus Epo [2]. The erythroid compartment is represented by the
primitive erythroid colony forming cell (BFU-E) and the more differentiated
Epo dependent erythroid colony or GFU-E [17]. A substance generated by
other cell populations enhances BFU-E growth and is called burst promoting
activity (BPA). BPA is found in preparations of IL-3 and GM-CSF, however,
its exact nature is not clear [18]. Megakaryocytic colonies are designated as
CFU-Meg, and their growth is thought to be regulated by undefined sub-
stance(s) called thrombopoietin (Tpo) and/or Meg-CSA [19]. Meg-CSA is
found in thrombocytopenic and aplastic anemia sera whereas Tpo has been
obtained from human embryonic-kidney cell conditioned medium.

The myeloid compartment (CFU-C) includes multiple CFUs such as
granulocyte (G), macrophage (M), GM-colonies (CFU-G, CFU-M, CFU-
GM) which are under the regulation of recently defined growth factors
(G-GCSF, CSF-1, GM-CSF) [3,10]. Basophil/mast cell colonies have also been
described [20,21], however, their regulators are not yet clearly defined. The
lymphoid (CFU-Ly) and stromal cell compartments (CFU-stroma) are also
represented on this figure. It is important to note that long term hemopoietic
growth requires the interaction of the various unipotent compartments with
the stromal cell compartment, whereas short term hemopoiesis of the uni-
potent compartments ensues in the absence of the stromal compartment
[5,22,23]. Various examples of hemopoietic colonies grown in vitro are repre-
sented in Figure 4.
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Figure 4. Representative bone marrow hemopoietic colonies grown in vitro.
(A) Human bone marrow erythroid colony (CFU-E). (B) Cord blood CFU-E. (C)
Human fetal liver CFU-E. (D) Mouse CFU-E. (E) Human burst colonies (BFU-E).
(F,G) Granulocyte-macrophage colonies (CFU-GM). (H) Human multilineage colony

(CFU-GEMM).
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General methodology for hemopoietic colony cultures

In order to obtain an enrichment of colony-forming cells, nonadherent bone
marrow cells are used in most cultures. When murine cells are to be used,
bone marrow cells are flushed from the femurs of mice and then incubated
at 37°C in Iscove’s Modified Modified Dulbecos Medium (IMDM) contain-
ing 20% FCS in Falcon plastic petri dishes (100 mm). Usually 20-30x106
cells are incubated in 10 ml of media. After 60 minutes the plates are swirled,
the nonadherent cells removed, washed, resuspended in IMDM + 20% FCS
and incubated in petri dishes in a similar manner. After two hours of incuba-
tion the cells are removed, washed and resuspended to the desired concentra-
tion in IMDM + 2% FCS. These cells are then used in culture experiments.

When human cells are to be employed, bone marrow or peripheral blood
are collected in heparinized syringes after informed consent, diluted (1:1) with
IMDM and layered over a Ficoll-Hypaque gradient (density=1.077); centri-
fuged at 400 x G for 30 minutes. The cells are then washed twice, counted and
concentration adjusted to 5x10° cells/ml in IMDM with 20% FCS. The cells
are applied to FCS coated dishes and incubated for 60 minutes, 30°C, 5%
COZ. Nonadherent cells are removed, washed twice and counted. Less than
3% monocytes (nonspecific esterase positive cells) should be present in the
nonadherent population. In some cases T-cell depleted fractions can be
obtained from the monocyte depleted population by the use of the AET-
treated sheep red blood cells (AET-SRBC) rosetting method. Cell viability
can be routinely determined by the Trypan Blue exclusion technique. Cell
counts are done using a hemocytometer, and all results are expressed as per-
centage viable cells.

Hemopoetic stem collony assays (CFU-E, CFU-GM, GFU-GEMM)

Bone marrow cells (human or mouse) or peripheral blood mononuclear cells
can easily be simultaneously cultured in both plasma clot and methylcellulose
culture systems in the absence or presence of an appropriate cytokine such
as Epo or GSF. Both culture systems have been described in detail previously
[3,17,24-27]. Plasma clot cultures are advantageous since the cultures can be
removed, fixed onto slides and stained for permanent record. Methylcellulose
cultures are useful for enzyme assays since the cultures can be collected and
cell material prepared as a pellet for assays. For erythroid plasma clot cul-
tures, the cells (0.5-8x10%/ml) are incubated in 0.1 ml clots at 37°C in an
atmosphere of 5% CO, + 95% air in a fully humidified incubator. Briefly,
0.1 ml of the desired cell concentration is added to 1.0 ml of culture medium
which contains 0.3 ml of heat-inactivated fetal calf serum; 0.1 ml of 10%
deionized bovine serum albumin in phosphate buffered saline; 0.1 ml beef
embryo extract; 0.1 ml a-thioglycerol; (1:10,000 in NCTC-109) 0.1 ml aspara-
gine (2 mg/ml in NCTC-109) 0.1 ml NCTC-109; 0.1 ml citrated bovine
plasma; 0.1 ml erythropoietin (Epo) (Toyobo) in NCTC-109 (0.25-2.0
units/ml), and a source of burst promoting activity for BFU-E cultures (Mo
conditional medium). Erythroid colonies (CFU-E, BFU-E) are detected after
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2-14 days of incubation by benzidine staining of gluteraldehyde fixed clots.
Clusters of greater than eight cells are scored as colonies. Murine and human
CFU-E are detected after 2% and 7 days, and BFU-E on 9 and 14 days
respectively. Myeloid colonies (CFU-GM) can also be grown in this sytem by
substituting 5-10% CSF for Epo. CFU-GM are then scored after 7-14 days
of growth.

Methylcellulose culture technique has been described by Iscove et al [28].
The medium contains 30% FCS, methylcellulose (0.8%), cells and various
growth factors in IMDM. Cultures are plated as multiple 1 ml cultures in 35
mm Falcon culture dishes. Erythroid colonies are scored at various times of
growth as described previously [17], and meyloid colonies (CFU-GM) are
scored after 7-14 days of growth. When myeloid colonies (CFU-GM) are to
be grown, the methylcellulose culture system is essentially the same as that
for erythroid colonies except that 1-2x105 cells/ml are employed with 5-10%
CSF. Agar may also be employed and is usually used as 0.3% (Difco) in place
of methylcellulose.

Culture of pluripotent hemopoietic progenitors (CFU-GEMM) has been
described in detail by Messner [2] and essentially utilizes modifications of
techniques described above. Briefly, 1x10° light density bone marrow cells
are cultured in 1 ml cultures of IMDM containing 30% human plasma, 5%
PHA-LCM (lymphocyte conditioned media prepared with PHA), 1.0 U/ml
Epo, 5x10°M 2-mercaptoethanol and 0.9% (w/v) methylcellulose (or 0.3%
agar). II-3 may be substituted for PHA-LCM. After incubation for 14 days
at 37°C with 5% CO, + 95% air, mixed colonies (CFU-GEMM) are iden-
tified by their morphology and staining of smears.

Megakaryocyte colony culture (CFU-Meg) can also be done using modifi-
cations of the previously described plasma clot and methylcellulose culture
systems [19]. For culture of human bone marrow, separated mononuclear cells
(5x105 cells/ml) are cultured in 35 mm petri dishes. The plasma clot culture is
modified to contain heat-inactivated human AB serum, ormedium, nonessen-
tial amino acids (0.02 mM/ml), L-glutamine (0.4 mM/ml) and sodium pyru-
vate (0.2 mM/ml). Also, a source of Meg-CSF (CSA) and/or thrombopoietin
(Tpo) must be added and in some cases 2 U/ml Epo may also be included.
These factors have been obtained from thrombocytopenic plasma (Meg-CSA)
and human embryonic kidney cell conditioned media (Tpo) [29,30]. Cultures
are incubated for 12-14 days after which the clots are harvested and fixed onto
glass slides. CFU-Meg can be identified with immunofluorescence by using
antiserum to purified human platelet glycoproteins (PGP). The PGP prepar-
ation is incubated with the fixed plasma clot cultures for 60 min, washed with
PBS and then reincubated with fluorescein-conjugated goat anti-rabbit IgG
for 60 min (0.36 mg protein/ml). The slides are then washed and counter
stained with Evan’s Blue (7 min), dried and CFU-Meg scored using a fluor-
escence microscope . CFU-Meg are scored as clusters of 3-4 fluorescent cells.

Serum free cultures

In some experiments, methylcellulose cultures of bone marrow cells can be
maintained in serum free media similar to the methods of Breitman et al [31]
with some modifications. Basically, the medium consists of a 1:1 mixture of
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Ham’s F-12 and RPMI 1640 (GIBCO, Grand Island, NY) supplemented with
3x10 -8 M selenium, 5 pg/ml transferrin and 5 pg/ml insulin (Collaborative
Research, Inc., Lexington, MA). Purified or recombinant growth factors
(Epo, CSF) are also employed and the cultures incubated as described above.

Evaluation of morphology, differentiation and proliferation
Myeloid colonies consisting of at least 40-50 cells are usually detected as tight
(granulocytic, CFU-G), mixed (granulocyte-macrophage, CFU-GM) and
loose (macrophage, CFU-M). In some cases, myeloid colony morphology can
be determined in situ by staining with chloracetate and nonspecific esterases.
A staining kit (No. 90) from Sigma Chemical Co., (St. Louis, MO) provides
the appropriate reagents to detect monocytes (a-naphtyl acetate esterase),
neutrophils (naphthol AS-D-chloroacetate esterase) and eosinophils (Luxol
Fast blue). Staining of hemoglobin in erythroid colonies is accomplished by
utilizing a 1% benzidine in ethanol preparation which is allowed to react in
3% H,0O,. Plasma clot slides are also counter stained with hematoxylin for
myeloid and nuclear morphology. Erythroid colonies (CFU-E) are scored as
colonies containing at least 8 benzidine positive cells, and BFU-E may consist
of several hundred cells of erythroid and multiple cell types.
Morphological criteria of the cells and differential count analysis can be
used to assess maturation and to determine the proportion and absolute
number of each cell type. Smears of cells are made with a cytocentrifuge and
stained with May-Griinwald Giemsa. The morphology of granulocytes and
macrophages is characteristic and useful in determining the presence of such
cells. One of the early indications of monocytic cell differentiation is the
development of cells adhering firmly to the surface substrate of the culture
containers. Macrophage-like cells are the predominant cell type among the
adherent cells. Cells firmly attached to a surface substrate of culture con-
tainers after rigorous pipetting can be detected with an inverted microscope.
The frequency of colony growth by normal human specimens shows con-
siderable variation from sample to sample and the growth patterns may be
markedly different when samples are from various hematological disorders
[25,32-35]. For example, the frequency of normal human bone marrow CFU-
GEMM ranges from 3-30/2 x10° cells; CFU-GM ranges from 20-110/10 cells
and CFU-E ranges from 150-230/10° cells. CFU-Meg counts range from
2-32/5x10° cells. In contrast, CFU-E and CFU-GM frequencies from a
patient with CML in erythroblastic transformation may be as high as
800-1000 CFU-E/10° cells and 200-400 CFU-GM/105 cells [34]. CFU-E
numbers generated by specimens from patients with polycythemia vera may

even be greater than 1000 CFU-E/10° cells [32].

Long term hemoposetic cultures

Early observation by Allen, Dexter and others [22,23] revealed that when
murine marrow preparations were seeded into culture dishes under specific
conditions, adherent cells became established that included many fat-
containing cells and other fibroblast-like endothelial cells and macrophages.
Closely associated with these adherent cells were ‘honadherent hemopoietic
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cells in various stages of differentiation. Cultures could then be recharged by
adding fresh medium and marrow suspension cells after 3-4 weeks. Non-
adherent cells removed during feeding could then be tested for colony growth
(CFU-E, CFU-GM, etc.) or for their ability to form mouse spleen colonies
(CFU-S). Early studies indicated that by using long term culture, human
CFU-GM colony forming ability could persist for 20 weeks, whereas BFU-E,
CFU-E and CFU-Meg persisted for shorter time periods [22,23].

The basic medium for the original Dexter system consists of Fisher’s
medium (GIBCO) + 25% horse serum (HS). Adipocytes are usually seen
by week 4 in this culture. After recharging the cultures with a second marrow
innoculum, a weekly removal of 50% volume of cells and medium change can
be done so that 105-106 nonadherent cells can be removed per week. Green-
berger et al [5] has modified the Dexter system so that CFU-GM are obtained
after more than 65 weeks in culture. The medium consists of Fisher’s
medium, 25% HS or FCS and 10-7 M hydrocortisone. The presence of
FCS + HS and hydrocortisone markedly improves the long term viability of
the system.

The basic methodology for culture of human monocytes (MO) and
marrow fibroblastoid stromal cells in long term culture has been described by
Broudy et al [36] and is outlined below.

Monocytes are isolated from peripheral blood of healthy volunteers and the
low-density cells are obtained by Ficoll-Hypaque (Pharmacia Fine Chemi-
cals, Piscataway, NJ) centrifugation. Low-density cells (less than 1.077 g/ml)
are incubated with sheep red blood cells and E rosettes removed by density
centrifugation. Monocytes are isolated from the E rosette-negative population
by adherence to serum coated dishes. Monocytes thus isolated are usually
90% nonspecific esterase positive and 95% viable by Trypan Blue exclusion.
The monocytes are cultured at a concentration of 1x10% cells per ml in
RPMI 1640 (GIBCO, Grand Island, NY) supplemented with 2 mmol/L
L-glutamine and 15% lactoferrin-depleted FCS. After three days of incuba-
tion at 37°C in an atmosphere of 7.5% CO, in air, the conditioned media
is harvested and centrifuged to remove cell debris.

Marrow fibroblastoid stromal cells (MFSCs) can be cultured according to
the procedures of Broudy et al [36] using bone marrow from healthy adults.
Low-density marrow cells are obtained from single-cell suspensions of
heparinized marrow aspirates using Ficoll-Hypaque. These cells are incu-
bated in Medium 199 (GIBCO) supplemented with 20% FCS and 2 mmol/L
L-glutamine. Cells are seeded at 5x10%ml in T flasks and are incubated at
37°C in a humidified atmosphere of 5% CO, in air. The medium is
changed twice weekly and usually reaches confluence by 3 to 4 weeks. The
cells are maintained for up to 6 months in culture. Primary outgrowths of
cells at confluence are detached from the culture flasks with 0.02% EDTA-
trypsin, washed, diluted 3:1, and replated.

The cells are characterized by cytochemical staining with acid phosphatase,
arnaphthylacetate esterase, alkaline phosphatase, periodicacid Schiff (PAS),
and myeloperoxidase by standard techniques [36]. Surface antigenic charac-
teristics of the cells are determined with the monocyte-specific monoclonal
antibodies M1 and M120, followed by a fluorescein-labeled second antibody,
and are then examined by fluorescence microscopy.
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Regulators of hemopoiesis

Little was known about the physiological regulation of growth of bone
marrow cells until the development of clonal culture techniques in the 1960’s.
In such cultures, individual progenitor cells of a particular lineage are able
to proliferate and generate a clone of mature cells provided the proper condi-
tions and growth substances are present. Clonal culture permitted the growth
of bone marrow myeloid, erythroid and lymphoid cells and the colony of cells
is referred to as the colony forming unit (CFU). Since cell proliferation and
colony formation are dependent upon specific regulatory molecules, these
molecules have been referred to as colony stimulating factors (CSF) or colony
stimulating activity (CSA). Regulatory molecules that are mediated by cells
have also been referred to as ‘cytokines’, and those of lymphocyte origin have
been termed ‘lymphokines’. Colony stimulating factors can be found circu-
lating in many biological fluids, however, the number of cells in man that pro-
duce and release CSF is rather limited. Basically the CSFs are named so as
to designate the hemopoietic cell lineage they stimulate in an i vitro clono-
genic assay. Thus, granulocytic colonies are stimulated by granulocyte CSF
(G-CSF), macrophage clonal growth by macrophage CSF (M-CSF) and
mixed colonies of granulocytes and macrophages by GM-CSF. In some
instances, different nomenclature has been ascribed such as CSF o, 8, 1, 2,
etc.

Role of stromal cells
Experiments by Cronkite et al [37], Gordon et al [38,39] and others revealed
that murine bone marrow fibroblastoid stromal cells have marked modulatory

effects on hematopoiesis by nonadherent cells. The influence of different
stromal cell populations on in vitro hemopoietic colony growth is summarized

Table 4.  Effects of stromal cell types on in vito hematopoiesis.

Relative bone marrow colony growth

NABM plus additions CFU-GM BFU-E
CSF 4

Fb +

Fb + CSF +++++

St + CSF ++

MO + CSF +

Epo ++++
Epo + Fb -
Epo + St ++
Epo + MO FR

NABM = Non adherent bone marrow cells; CSF = Colony
stimulating factor; Epo = Erythropoietin; Fb = Fibroblasts;
St = Stromal cells (Fb + fat cells)y M) = Macrophages.
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/ GM-CSA
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Figure 5. Summary of growth factor production by human stromal-endothelial cells.

on Table 4. It is apparent that when fibroblasts are included in the colony cul-
tures, there is an enhancement of CFU-GM growth whereas BFU-E growth
is suppressed [37-39].

Experiments with human systems have indicated important roles for
stromal cells in the regulation and maintenance of hematopoiesis. In these
studies, it was found that specific stromal cell-nonadherent cell interactions
are involved in the regulation and/or modulation of hematopoiesis [36].
Results from experiments demonstrated that mononuclear phagocytes actual-
ly recruit stromal cells of the marrow to produce multilineage growth factors
in vitro [36]. It was also found that phagocytes constitutively produce soluble
factor(s) that stimulate T-lymphocytes, fibroblasts and endothelial cells to
produce colony stimulating activity in vitro [40-42]. Additionally, monocytes
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produce a factor that stimulates the production of burst-promoting activity
(BPA) and megakaryocyte colony stimulating activity (Meg-CSA) by endo-
thelial cells [43,44].

A brief summary of some of the experimental findings regarding stromal
cell interactions is outlined on Figure 5. In 1985, Zuckerman et al [43] estab-
lished that human monocytes (MO) produce a monokine that in turn stimu-
lates the production of BPA by umbilical vein endothelial cells. Later (1986)
it was found that MO recruit stromal cells (monocyte recruiting activity or
MRA) to produce multilineage growth factor in wvitro [36,45]. The MO
derived activity was also able to stimulate T-lymphocytes and neonatal fibro-
blasts to release CSA or CSFs. By 1987, Bagby and his collaborators estab-
lished that MRA was actually IL-1 (interleukin-1) and that IL-1 elaborated
by MO induced the release of multilineage growth factors [46,47].

It is clear from these studies that the microenvironmental and stromal cell
interactions play critical roles in the maintenance and regulation of hemato-
poiesis in vitro and in vive. Activation of specific genes through cellular inter-
actions may result in specific production of a CSF or lymphokine. For ex-
ample, the gene for human GM-CSF resides on the long arm of chromosome
5 [48]. The locus of the gene is near the position of genes for other growth
hormones and hormone receptors. Stimulation of the gene may occur by
agents that activate macrophages, and activated macrophages may then
induce resting T-lymphocytes to express the GM-CSF gene. Thus, these
studies emphasize the importance of complex cell-cell interactions in the
regulation of hemopoiesis-lymphopoiesis.

Colony stimulating factors

The majority of the CSFs are acidic glycoproteins which may exist as mono-
meres consisting of a molecular weight (MW) range between 21-28,000, of
which approximately 40% is carbohydrate [10]. They also exist as dimers
(MW=70,000) of several polypeptide subunits each with a MW of approx-
imately 14,000. Deglycosylation experiments have suggested that the carbo-
hydrate portion is not of major importance for the in vitro growth stimulating
activity [10]. Several types of CSFs controlling the production of hemopoietic
cells in animals and humans have now been isolated, purified and cloned by
recombinant DNA technology.

Granulocyte macrophage colony stimulating factors

Granulocyte-macrophage-CSF (GM-CSF) has been isolated and also has
been referred to a CSF-a or CSF-2 [10]. It is a glycoprotein with a MW of
approximately 23,000, and the murine form has been purified from endo-
toxin treated mouse lung. Elution studies from hydrophobic columns have
identified at least two separable forms of human CSF that can stimulate
human granulocyte-macrophage colony formation [49,50]. These have been
designated as CSF-a (non-binding) and CSF-f (binding). CSF- has been
purified to homogeneity and may represent the natural form of GM-CSF.
CSF-B has not been fully purified, but is able to stimulate differentiation of
murine WEHI-3 leukemia cells.
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Human GM-CSF has been obtained from medium conditioned by the Mo
hairy T cell leukemia line [51]. It was purified to homogeneity and found to
have a MW of approximately 20-23,000. Clones of cDNA were then isolated
by direct expression screening of cDNA libraries from Mo leukemic cell
mRNA [52] or a human T-cell line [53]. Transfection of these clones to
monkey COS cells produced a GM-CSF that was active on human cells.
Sequencing studies indicated that the polypeptide contains 127 amino acids
(MW=14,000) with four cysteine residues. The recombinant GM-CSF pro-
duced by transfected COS cells had a MW of 19,000 and a specific activity
of 4x107 U/gm protein [54].

The cellular receptor for GM-CSF has been isolated and its MW is
approximately 52,000 [55]. It has been estimated that resting non-induced
HL-60 cells have about 50 high affinity receptors/cell [55], whereas DMSO
induced HL-60 cells may have more than 1,000 receptors/cell. All normal
granulocytes and monocytes bear receptors for GM-CSF and the numbers
decrease with increasing cellular maturation.

GM-CSF has now been cloned from three species including mouse, gibbon
ape and human [55,56]. Both human and ape GM-CSF cDNA clones reveal-
ed substantial sequence homology of the amino acid sequence. GM-CSF has
also been shown to stimulate eosinophil colony formation and to initiate
multipotential erythroid and megakaryocyte colony formation [57].

Production of recombinant human GM-CSF has permitted the evaluation
of its in vivo effects in primates [58]. Continuous infusion of human recom-
binant GM-CSF into healthy monkeys elicited a dramatic leukocytosis and
substantial reticulocytosis. A similar effect was observed in a pancytopenic
immunodeficient monkey. These studies provided the opportunity to test the
potential clinical use of GM-CSF in various disorders such as in the treat-
ment of some types of cytopenias. Thus, clinical trials on monkeys demon-
strated that GM-CSF is a potent stimulator of primate hematopoiesis in vivo.

Macrophage colony stimulating factor

Macrophage CSF (M-CSF, CSF-1) is a glycoprotein that stimulates growth
and differentiation of cells from the mononuclear phagocyte lineage. CSF-1
has been purified to homogeneity and the molecule is a 65-80,000 MW sialo-
glycoprotein composed of two similar chains linked by disulfide bonds [10].
Recently a human CSF-1 analogous to murine CSF-1 has been cloned [39].
Sequence studies of the cDNA clone indicates the existence of a pre-pro
CSF-1 of 252 residues which is then further processed to a more active form.
In other experiments it has been reported that the product of the c-Fms proto-
oncogene is identical to the receptor for CSF-1 [60]. It is significant that the
c-Fms gene is located on human chromosome 5 and that a deletion in this
chromosome (5q) in bone marrow cells is frequently associated with a syn-
drome that may develop into myeloid leukemia [48] or polycythemia vera
[61]. It is known that the CSF-1 receptor is similar to the epidermal growth
factor (EGF) receptor and c-Fms proto-oncogene product. These receptors
possess tyrosine kinase activities, and antibodies to Fms protein will precipita-
te the CSF-1 receptor complex [60,62].
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Granulocyte colony stimulating factor

Murine granulocytic CSF (G-CSF), which has been isolated and purified
from mouse lung conditioned media, stimulates the production of granulo-
cytic colonies in vitro [63]. Polyacrylamide gel electrophoresis revealed that
G-CSF is a distinct molecular species different from GM-CSF and separated
as one band with a MW of 25,000. The human analogue of murine G-CSF
has also been isolated from human placental conditioned media and was
referred to a CSF-B [64]. The murine and human G-CSF molecules
demonstrated almost complete biological and receptor-binding cross-
reactivities to normal and leukemic murine or human cells. Both G-CSFs
were able to induce the production of terminally differentiated cells from
WEHI-3B and other myeloid leukemia cell lines and to suppress renewal and
leukemogenicity of leukemia cells [63,64].

Iodinated forms of murine G-CSF and human CSF-f3 were found to bind
specific bone marrow target cells and cells from several forms of human leuke-
mia such as acute myeloblastic leukemia, chronic myeloid leukemia, acute
promyelocytic leukemia, preleukemia and the cell line HL-60. Acute myelo-
monocytic leukemias showed little binding and unlabelled G-CSF could com-
petitively inhibit the binding of the iodinated CSF in a dose-dependent
manner, whereas unlabelled M-CSF, GM-CSF or multi-CSF were without
effect [64,65].

Recently a human pluripoietin growth factor with G-CSF growth and
differentiation-like activities has been isolated from conditioned media pro-
duced by a human bladder carcinoma cell line 5637 [66]. In addition, the
gene for human pluripoietin CGSF was cloned and a recombinant form of the
growth factor has been produced [67]. Because of the similarities to murine
G-CSF, the factor was referred to as human G-CSF or hG-CSF. The similar-
ities to murine G-CSF include the ability to stimulate growth and develop-
ment of granulocytic colonies in vitro and to induce terminal differentiation
of WEHI-3B (D+) cells. However, unlike murine G-CSF, recombinant
hG-CSF supported early erythroid and mixed colony formation. The secreted
form of the protein produced by the cell line was found to be 0-glycosylated,
had an isoelectric point of 5.5 and a molecular weight of 19,600. It is impor-
tant to note that the G-CSF like molecules described above have a differentia-
tion inducing activity which was consistently found to co-purify or be associ-
ated with an activity stimulating growth. In addition, hG-CSF had pluri-
poietin-like activity on erythroid and multiple lineages. It remains possible
that a true biological G-CSF may be specific only for the granulocytic lineage.
However, others distinguish that differentiation inducing activity is due to a
separate molecule and have subsequently purified it to homogeneity. In fact,
two different cDNAs and mRNAs for human G-CSF have recently been iso-
lated and could account for differences in growth and differentiating activities
[68,69].

A human squamous cell line, CHU-2, was found to produce large amounts
of G-CSF that was very specific for the human and murine granulocytic
lineage [68]. Purification of the factor to homogeneity revealed that the factor
did not stimulate other types of colony growth nor did it induce differentia-
tion in leukemia cells such as KG, or HL-60. It was found that the concen-
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tration of the factor required to obtain one-half maximum colony formation
(2.37x10-11 M) was equivalent to the value reported for pluripoietin. The
molecule is a hydrophobic glycoprotein, molecular weight 19,000, isoelectric
point 6.1, with possible 0-linked glycosides. Amino acid sequence determina-
tion of the molecule gave a single NH, terminal sequence which had no
homology to corresponding sequences of other CSFs previously reported.
Utilizing oligonucleotides as probes, two clones were isolated containing
G-CSF complementary DNA from the cDNA library prepared with mRNA
from CHU-2 cells. Complete nucleotide sequences of the cDNAs were deter-
mined and hybridization analysis with monkey cells suggested that the human
genome contains only one gene for G-CSF. This gene is interrupted by four
introns and a comparison of the cDNAs structures indicated that two
mRNAs are generated by alternative use of the sequences in the second
intron of the gene. The finding of two mRNAs for the G-CSF polypeptide
suggests that specific functional differences exist. Therefore, 1t may be neces-
sary to produce each G-CSF molecule on a large scale by recombinant DNA
technology, and study the function of each in vitro and in vive.

Interleukin-3

Other murine and human growth factors called multi-CSFs or interleukin-3s
(IL-3) have been purified and genetically cloned [70,71]. The cDNAs and gene
sequences for human and murine forms appear to have significant sequence
homology and the factors appear to be functionally related. IL-3 supports the
growth of multilineage colonies and in this respect, human GM-CSF does
exhibit some multilineage activity that is similar to IL-3. Thus, IL-3 and
GM-CSF are two separate molecules with some overlapping biological activ-
ities. Both IL-3 and GM-CSF often show coordinate expression which suggests
that the gene may be transcriptionally linked in some T-cells and expressed
in response to the appropriate stimulus [72].

Erythropoietin

Erythropoietin (Epo) is the major regulator for erythropoiesis and there is
considerable information on the physiology and biochemistry of this hormone.
For a recent review, see Spivak 1986 [73].

Epo is produced primarily by the kidney and has 166 amino acids with a
molecular weight of 39,000. The molecule is heavily glycosylated and salic
acid accounts for 40% of the carbohydrate. Epo can be inactivated by proteo-
lytic enzymes, alkylation and by iodination. With the application of recom-
binant DNA technology, human Epo has been molecularly cloned, sequenced
and expressed in a biologically active form in mammalian cells. There are
now several sources of human recombinant Epo available on the market.

The major effect of Epo is on erythroid progenitor cell growth and differen-
tiation (hemoglobin synthesis) in Epo responsive cells. Clonal assays have
demonstrated that early erythroid progenitors, BFU-E may be regulated by
Epo, and the mature progenitor or CFU-E requires Epo for terminal differen-
tiation. There is considerable evidence which indicates that Epo is the natural
regulator of erythropoiesis in vive.
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Other factors

Recently a human pluripotent CSF has been prepared and apparently has
properties that encompass the activities of IL-3 and GM-CSF [74]. Another
area of overlap in growth stimulating activity is seen with IL-3 and GM-CSF
so that at least 3 molecules influence CFU-Eos. Bartelmez et al [75] has iso-
lated a small molecular weight peptide (MW 5,000) capable of stimulating
eosinophil colony growth in vitro (Eos-CSF). Others have described eosinophil
differentiating factor(s), however, the relationship of differentiating factor to
colony stimulating factor has not yet been clarified. Less information is avail-
able regarding thrombopoietin, the presumed regulator of thrombopoiesis
[19)).

The primary growth factors for lymphoid growth are B-cell growth factor
(BCGF) and T-cell growth factor (TCGF, IL-2) [76]. In brief, it is possible
to grow T-cell clones with purified TCGF and B-cell clones using partly puri-
fied BCGF. The response of T-lymphocytes to IL-2 depends on both the
TCGF concentration, and the number of TCGF receptors. There is no
apparent structural relationship between TCGF and BCGF. Continuous
B-cell clones have been derived in the presence of BCGF and monoclonal
antibodies have been made specific for the clones.

The production of immunoglobulin by B cells is also influenced by factors
elaborated by T-cells [77,78]. In particular, B-cell differentiating factors
stimulate IgM secretion and the release of another differentiating factor,
BCDF. BCDF induces a type of IgG class switching rather than a new clone
of cells. Thus, growth, differentiation and functions of lymphocytes them-
selves depend upon the complex production and interaction of regulatory
molecules.

Clinical applications

There are many potential clinical applications for the use of recombinant
forms of CSF. These molecules may be used in situations where there is a
granulocytic deficit. For example, chemotherapy is frequently associated with
leukopenia and CSFs could be administered before and after chemotherapy
to accelerate leukocyte regeneration. Preliminary studies in Japan and the
United States suggest that therapeutic administration of GSF has potential for
improving the engraftment of transplanted bone marrow cells. Recently,
administration of r-GM-CSF helped hematologic recovery in a Brazilian
patient accidently exposed to radioactive cesium. It has also been suggested
that CSFs could be useful for differentiation therapy. In this respect, treat-
ment of chronic myeloid leukemia with CSF could induce the leukemia cells
to differentiate rather than replicate, and the differentiated macrophages
could then possess direct anti-tumour activity [79-81].

Studies are currently underway at several Medical Centers studying the
potential usefulness of CSF-therapy in patients with acquired immune de-
ficiencies such as AIDS [80,81]. It is thought that CSFs may increase the host
defenses and possible enhancement of antibody-dependent cell mediated
cytotoxicity (ADCC) against viral infected cells.

Epo therapy may prove to be useful in improving the anemia of chronic
renal failure (CRF). Patients with kidney disease which receive hemodialysis
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treatment frequently develop anemia along with other hematological
problems. In some instances, insufficient Epo production and/or ineffective
Epo activity due to inactivation are thought to be involved in the etiology of
the anemia. Clinical trials are currently underway at a number of institutions
(Seattle, UCLA) utilizing r-Epo to maintain an adequate hematocrit in
anemic patients with CRF. Preliminary results appear to be promising and
it is possible that similar therapy may be useful in a variety of other anemic

states [79-81].

Cell separation techniques

Improvements in hemopoietic culture have been made possible in part due
to the application of refined cell separation procedures. Numerous techniques
are available, however, only a limited number are routinely used to prepare
cells for hemopoietic culture. Such techniques include depletion of adherent
cells, 1sopycnic centrifugation, velocity sedimentation, elutriation, immuno-
logical panning and fluorescent activated cell sorting (FACS). Removal of
cells by adherence usually involves the attachment of adherent cells (such as
macrophages) to the surface of a petri dish containing medium with 15%
FCS, and then rinsing the nonadherent cells away. In isopycnic sedimenta-
tion, cells sediement to a point in a density gradient equivalent to their own
density. Usually percoll, metrizamide or Ficoll are employed to establish a
gradient. Velocity sedimentation or centrifugal elutriation employ a principle
whereby sedimentation is influenced mainly be cell size and to some degree
by surface area and density.

Removal by adherence

Removal of adherent cells (monocytes, MO; macrophages, MQ) can be
accomplished by the following procedures. Washed bone marrow or peri-
pheral blood mononuclear cells are suspended in IMDM + 15-20% FCS, at
a concentration of 2x108 cells/ml. The preparation is then incubated in
35-90 mm petri dishes (Falcon) (2-10 ml/plate) for two hours at 37°C in 5%
CO, + 95% air. After incubation, the nonadherent cells are removed with
a Pasteur pipette, washed and then diluted with fresh medium to the desired
concentration. Removal of cells in this manner will eliminate most of the MO
or M@ from the sample and enrich the number of erythroid colony forming
cells per ml of sample [27].

Ficoll-Hypaque separation

A conventional method to enrich buffey coat cells from blood or bone marrow
is to use density gradient centrifugation on Ficoll-Hypaque (Ficoll-Paque,
Pharmacia, or Ficoll-Isopaque or Lymphoprep, Nyegaard Co.) [82]. The
method is simple, rapid and inexpensive, however the cells are also contamin-
ated with platelets. Platelets can be eliminated by isopycnic centrifugation on
Percoll. In brief, heparinized blood (or bone marrow) is diluted 50:50 in
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HBSS (Mg*+-Ca** free) and then 6-8 ml is layered onto 3 ml of Ficoll-
Hypaque. The tubes are then centrifuged at 450 x g for 30 min (room temper-
ature) and the interface cells removed with a sterile Pasteur pipette. The cells
are then washed twice (HBSS, Mg*+-Ca*+ free) and resuspended to the
desired concentration. Total lymphocyte-mononuclear cell recovery by this
method is 50-85% (1-3% MO and granulocytes), depending upon the separa-
tion medium and specimen source [83,.

An isokinetic-gradient sedimentation employing a linear gradient of Ficoll
in medium has been adapted to isolate erythroid progenitor populations from
bone marrow. This technique is rapid and efficient and it has been previously
shown that erythroid colony progenitors can be separated into three distinct
model populations [84]. Furthermore, the gradient can be used to separate
megakaryocytes and pluripotent stem cells (CFU-S) from bone marrow.

Separation of Tcells by rosettes

T-cell popultions can be removed by the methods described by Levitt et al [85]
or the AET-SRBC method of Kaplan and Clark [86]. Suspensions of bone
marrow or peripheral blood mononuclear cells (PBMC) (5x10%/ml) are treat-
ed with neuraminidase-treated sheep erythrocytes (SRNC) (5% suspension
in IMDM) so as to form rosettes. The cell preparations are then layered on
Ficoll-Hypaque and the buffey coat separated by standard procedures. The
nonrosetting interface is then treated with panT lymphocyte McAb with or
without complement. The McAb should be an antibody similar to 17F12/Leu
(Levitt et al) which is a complement fixing antithuman McAb that recognizes
a 67,000 MW glycoprotein antigen on all T-lymphocytes and thymocytes.
PBMC are then recovered from the rosetted pellet by treatment with 0.155
mol/L. NH,*. The T-cell enriched fractions recovered are usually 96-100%
rosette positive and should contain less than 3% monocytes [85,86].

Panning

Monoclonal antibodies (McAb) permitted a useful solid-phase immuno-
absorption (panning) technique for separation and sorting of specific cell
populations. For example, the method is useful for immunologic marrow T
cell depletion similar to that done by gated fluorescence activated cell separa-
tion of cytofluorometry. The technique has been described by Levitt et al [85]
and can be performed as follows: polystyrene petri dishes are coated with 100
pg of purified goat anti-mouse IgG (or IgM), diluted in buffer, incubated for
40 min at 23°C, after which the overlying buffer is decanted and the dishes
washed with PBS. Human marrow cells (20x10% in AB serum) are then
coated with McAb (50-100 ug Leu-1 or TM-1), incubated for 20 min (4°C),
washed and then added to the antibody-coated dishes (indirect panning) and
incubated for 70 min at 4°C. Bound and nonbound cells are then separately
recovered by elution with cold PBS + 1% FCS. In most cases, the majority
of bound cells (>95%) will stain positive for the McAb used for panning.
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Thus, cell populations can be separated depending upon McAb specificity
and therefore offer a unique way of separating specific cell populations.
Problems exist regarding the cost of some McAb preparations and the effi-
ciency of cell recovery. In this respect, panning of human bone marrow is not
easily applicable to the large volume of marrow that would need to be pro-
cessed in clinical transplantation, and the extent of T-cell depletion with this
procedure may not be optimal.

Separation by flow cytometry

A unique sophisticated method for sorting small numbers of cells is by the
use of fluorescence-activated cell sorting (FACS). This can be done using a
laser (488 nM) with an Ortho 50-H cytofluorograph coupled to a 2150 com-
puter (Ortho Diagnostics, Westwood, MA), or a modified FACS II system
(B-D FACS Systems, Becton Dickinson & Co., Sunnyvale, CA). Cells are usu-
ally labeled with some fluorescent conjugated material such as an antibody or
a lectin like wheat germ agglutinin conjugated to fluorescein isothiocyanate
(WGA-FITC). This complex binds bone marrow stem cells (CFU-S) and by
using light scatter characteristics it was found that the CFU-S population
could be enriched by 100 fold [87,88]. Refinements can be made in order to
sort specific cell populations such as H-2K positive cells. This involves the re-
moval of WGA-FITC and the subsequent labeling of cells with antibody (in
this specific case, anti H-2K-biotin and fluorochrome). Using such technology,
it has been possible to sort individual cells into micro-culture wells (Terasaki
trays) so as to perform limiting dilution analysis of small numbers of cells
(1,2,4-400/well etc.) and then to grow the cell cultures in vitro or examine the
preparations by electron microscopy. Sorting and culture of individual or
small numbers of cells allowed for the detection and identification of stem
cells which give rise to individual myeloid colonies (CFU-GM) [87,99].

Cell cycle distribution profiles can also be determined by quantitating
DNA and RNA content in cell samples. The DNA content is usually visual-
ized by staining the cells with fluorescent propidium iodide. Although this
methodology is very sophisticated, it has disadvantages in that the equipment
is very expensive, and that large scale fractionation of blood or bone marrow
is impractical at the present time.

There are other numerous methods that may improve bone marrow separ-
ation and concentration and are not discussed here. These methods include
the utilization of an IBM cell processor, sepharose cellular immunoabsorption
column and ricin-conjugated McAbs [85].

Unit gravity sedimentation

This technique is very useful for separation and enrichment of hemopoietic
progenitor cells [89,90]. It is reproducible and provides enriched fractions of
progenitor cells in culture media which have not been exposed to agents such
as Ficoll or agents that may have questionable effects on cells. However, the
technique is very time-consuming and the resolution and enrichment is not
the best. Cells are separated into a number of fractions on the basis of cell
size, by velocity-unit gravity sedimentation in a chamber containing a gra-



197

dient of FCS (3-30%) in culture medium at 4°C. An upper streaming limit
exists in the starting band of cell sample which varies with the type of cell,
cell number and type of gradient. In time, cells will sediment in the chamber
at specific sedimentation velocities (mm/hr) after which the bands of cells are
collected at various intervals as fractions. It has been found that sedimentati-
on velocity (mm/hr) approximately equals r2/4 (r=cell radius in microns)
and that specific hemopoietic progenitor cells differ in size and can therefore
quantitatively be separated by this technique. The apparatus consists of a
glass cylindrical chamber (11.5 cm dia) with a conical cone base. The chamber
is loaded with cells (8x107 total) and a gradient established by introducing a
linear gradient of 15-30% FCS in media or PBS (~ 500 ml) under the cell
band. After 3-4 hours, the chamber is drained by removing the cone volume
and then collecting 10-15 ml fractions. All procedures can be done under sterile
conditions.

We have separated adult human bone marrow and fetal liver progenitor
cells by velocity sedimentation. Human fetal liver cells (12-20 wks) were
obtained through the collaboration of Dr R. Rieder at SUNY Downstate
Medical Center [91]. Results on Table 5 show the sedimentation velocities of
human hemopoietic colony forming cells for adult bone marrow and fetal
liver. It is clear that granulocytic progenitors (CFU-GM) sediment at differ-
ent velocities than erythroid CFU-E or BFU-E. Human fetal liver erythroid
progenitors appeared to sediment as several distinct populations which
appeared in culture as 4-,7-,10- and 14-day colonies. Note that progenitors for
4-day colonies sedimented at 4.2 and 8.8 mm/hr, 7-day colonies at 7 and 7.9
mm/hr, whereas 10-day colonies sedimented at 7 and 7.3 mm/hr and 14-day
colonies sedimented at 6.5 and 4.0 mm/hr. In contrast, normal human bone
marrow 7-day colonies sediment at 6.1 mm/hr and 14-day colonies at 3.8
mm/hr. Thus fetal liver appears to contain a spectrum of erythroid progen-
itors, some of which may or may not develop or seed hemopoietic tissues such
as the bone marrow in later development.

Table 5. Unit gravity sedimentation profiles of human hematopoietic

cells.
Sedimentation velocity mm/hr

Tissue CFU-GM CFU-E BFU-E RBC
Bone 7.5-8.8 (14d) 6.1 (7d) 3.8 (14d) 2
Marrow 7.5-8.1 (G)

8.0-8.8 (M)
Fetal 4.2, 8.8 (4d) 7, 7.3 (10d)
Liver 7, 7.9 (7d) 6.5, 4.0 (14d)

Bone marrow cells were obtained by aspiration from the posterior ili-
ac crest from 4 normal donors.

Three fetal liver specimens were obtained at post-mortem examina-
tion from 13-20-week prostaglandin induced abortuses. The livers
were minced, filtered through gauze and then separated on a Ficoll-
Paque gradient.

d = day of culture; G = granulocyte; M = macrophage.



198

Table 6. Characterization of fractionated HL-60 cells by elutriation according to
Heil and Chiao [96].

Percentage of cells in

Particle diameter — M Yield
Cell fraction (sedimentation Vel-mm/hr) G, S GM (%)
Unfractionated HL-60 — 48 43 9 100
G, fraction 8.5 (7) 96 4 0 10
Intermediate fraction 10.0 (10) 68 30 2 48
S/G, fraction 35.0 (125) 20 61 19 28
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Figure 6a. Intracellular localization of heme biosynthetic and degradative enzymes.
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Elutriation

Centrifugal elutriation provides a rapid means of separating large numbers
of cells on the basis of their sedimentation properties [92]. Basically, cells are
elutriated in culture medium or HBSS supplemented with 5% FCS or gelatin.
A special centrifuge 100 rotor is kept cool (4°C), a flow rate adjusted to about
30 ml/min and the cells injected into the rotor over a period of about 2 min.
Usually 108-109 cells are used with the smaller rotors such as the Beckman
JE6-B, however a larger rotor is available for larger cell number (Beckman
JE-10X). Fractions are then recovered at different counter flow rates of 30-48
ml/min, after which the fractions (usually 3-4) are washed. All procedures are
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done under sterile conditions and in fact a semi-closed system has been adapt-
ed which makes use of disposable transfer packs of blood products.

This technology may have valuable clinical application such as in bone
marrow transplantation where elutriation may be used for the rapid prepara-
tion of specific enriched bone marrow populations. In this respect, centrifugal
elutriation has been used to deplete lymphocytes from bone marrow cells to
be used for allogeneic transplantation [93] and also to isolate and purify
human pancreatic islet cells for transplantation [94]. Such procedures provide
an enrichment of stem cells and reduce the incidenicnce of Graft-versus-Host
disease without compromizing engraftment.

Nijhof et al [95] have utilized centrifugal elutriation to obtain a 3-5-fold
enrichment of murine spleen CFU-E. When this elutriated preparation was
then placed on a Percoll gradient, further enrichment was obtained so that
the overall CFU-E recovery was about 70%. Heil & Chiao [96] have utilized
elutriation to separate cell populations into specific cell-cycle phases. Results
from their studies demonstrate that highly pure populations of cells can be
obtained efficiently without any chemical treatment which may affect cellular
physiology. A summary of some of their studies depicting the separation of
HL-60 cells into specific pure populations is represented on Table 6. These
results demonstrate that a highly purified fraction of cells in G, phase could
be recovered (96%) containing a minimal contaminant (4%) and a total
recovery of about 86%. Therefore, this technique may be very useful for ob-
taining large numbers of purified cells that are virtually free of chemical
treatment.

Heme metabolism in hemopoietic colonies
Heme enzymes in CFU-E, BFU-E

Heme synthesis and degradation play pivotal roles in the regulation of growth
and differentiation of hematopoiesis. In this regard, it is well-known that a
variety of disturbances in hematopoiesis accompany abnormal heme meta-
bolism [97]. The cellular heme pool directly influences a multitude of cellular
processes including hemoglobin formation, microsomal cytochromes (cyto),
such as cyto P-450, mitochondrial cytochromes, peroxidases and the enzym-
atic synthesis and degradation of heme itself. Of major importance are the
rate limiting enzymes for heme synthesis (6-aminolevulinic acid synthase,
ALAS) and heme degradation (heme oxygenase, HO). The activity of these
two enzymes is critical to regulating the level of heme within the cell. Figure
6a-b is a schematic representation of heme and its interrelationships within
the cell. It is important that adequate levels of heme are maintained in order
for hematopoiesis to ensue, and in this respect a fall in HO may be a pre-
requisite for erythroid differentiation. Therefore, the enzymatic events of
heme synthesis and degradation must be carefully regulated or maintained
in order to obtain adequate growth of hemopoietic cells.

We have characterized the heme biosynthetic and degradative enzymes in
bone marrow hemopoietic colonies. Modifications of methodology were made
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so that enzymes could be measured from erythroid colony (CFU-E, BFU-E)
methylcellulose cultures. Methylcellulose cultures are used because the tech-
nique allows one to dissolve the semi-solid matrix and prepare a sample of
colonies. Special micro-methods were developed for the specific heme enzymes
ALAS, ALAD and HO [27,98-100]. Figure 7 summarizes the chronologic
changes in heme enzyme activities during human bone marrow CFU-E
growth. It can be seen that as growth and differentiation of CFU-E occurs,
activity of the degradative enzyme HO (/\ ) drops, while the biosynthetic
enzymes ALAS (O) and ALAD (0J) increase in activity. These enzyme
patterns are accompanied with an increase in heme synthesis (A ), with
maximal activity between 7-8 days. A similar developmental profile is seen
with murine CFU-E development, however maximal developmental activity

occurs between 48-56 hours (Figure 8, solid lines, ALAS (@), ALAD (&),
HO (M)). In addition, this figure demonstrates that cycloheximide (dotted
lines), which is an inhibitor of cytoplasmic protein synthesis, inhibits the
activities (or synthesis) of all three heme enzymes.

The heme biosynthetic enzyme urobilinogen deaminase (URO) has also
been measured in human BFU-E colonies. Results from our experiments are
represented on Figure 9 and indicates the levels of URO and HO in human
BFU-E under different conditions [100]. Note that heme synthesis, represen-
ted as URO, favors heme degradation (HO) in control cultures. Addition of
hemin or conditioned media from PHA stimulated lymphocytes (PHA-
LCM) were found to stimulate URO activity. In contrast, addition of excess
iron (Fe) or conditioned media from adherent macrophages (M®) stimulated
heme degradation or HO. Results from these studies clearly indicate the
importance of maintaining adequate levels of heme for maximal erythroid
colony growth and development.

Cytochrome P-450 system in CFU-E, CFU-GM

We have also characterized a cytochrome (cyto) P-450 system in developing
hemopoietic colonies [101]. The cyto P-450 system is important for a variety
of cellular functions including chemical-drug metabolism and detoxification,
and more recently the metabolism of arachidonic acid [102]. In this respect
the cyto P-450 system may play important roles in the growth and differentia-
tion of hemopoietic cells. The cyto P-450-dependent aniline hydroxylase
(AHH) system has been measured in developing CFU-E and CFU-GM
growth in methylcellulose cultures. Figure 10 shows the activity profile of
AHH (**C counts in benzopyrine metabolites) in developing bone marrow
CFU-E. Table 7 shows the activity of AHH in developing CFU-GM colonies.
It can be seen that maximal AHH activity in CFU-E occurred by 64 hrs of
culture, whereas activity is significantly elevated in 6-7-day cultures of
CFU-GM. Additionally, exposure of cultures to 3-methylcolanthrene (3-MC)
resulted in a significant enhancement o” AHH activity (Table 7).
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Table 7. Developmental pattern of arylhydrocarbon
hydroxylase (AHH) activity in murine bone marrow CFU-Gm

culture *
AHH activity 14C counts in BP metabolites
Days of culture Control + 3-MC
6,630 ND
6-7 9,027 16,908 (88)**

* Mouse bone marrow CFU-GM were grown at 37°C in
methylcellulose cultures with colony stimulating factor with
or without 40 ug 3-MC.

() = % increase.
The cultures were harvested and AHH activity determined
with 5x10° cells/assay and 0.5 uCi #C BP.

** Significantly different from control, p <0.001.

Clinical significance of hemopoietic culture

Advances in hemopoietic culture technology have contributed to a better
understanding of hematological disorders in clinical medicine. The potential
clinical applications of CSFs or growth factors have been briefly discussed
previously in this report. Insufficient production of any of the growth factors
in vive could result in neutropenic and anemic states. A variety of hemato-
logical disorders are also associated with disturbances in colony growth and/or
heme metabolism. We will not review these findings, but only mention a few
examples to illustrate how colony assays may serve as useful tools to further
characterize these disorders. Early studies revealed that the frequencies of
bone marrow agar colony forming cells were considerably elevated in chronic
myelogenous leukemia (CML) whereas they were markedly depressed or
absent in AML. Upon remission, normal growth patterns could be achieved
[103]. Studies on erythropoiesis revealed that plasma clot cultures of bone
marrow from polycythemia vera patients grow endogenous CFU-E in the
absence of exogenous Epo [32]. This property appears to be distinct from
secondary polycythemia where exogenous Epo is necessary for growth. Bone
marrow from patients with nutritional deficiencies (iron, B-12) or matura-
tional blocks, and certain leukemic states (CML in erythroblastic crises) grow
large numbers of CFU-E when adequate conditions exist [33,34,99]. Poor or
absent CFU-E growth is obtained from aplastic marrows [104] whereas
sideroblastic anemia (SA) bone marrows may generate large numbers of
CFU-E in methylcellulose, but not plasma clot cultures [33]. Heme meta-
bolism is disturbed in the SA cells in that ALAS activity is reduced and HO
activity elevated [98]. Upon culture of the SA bone marrow in methylcellulose
for CFU-E, ALAS activity becomes elevated and HO drops. Thus, normal
erythropoiesis and heme metabolism may ensue in the proper culture
environment. Elevated HO activity has been associated with several disturb-
ances where CFU-E growth and hematopoiesis is impaired. For example,
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benzene, phenol, heavy metals, iron overload and SA are all associated with
elevated levels of HO and depressed colony growth [26,98,106,107]. Attempts
to depress HO activity by experimental agents are currently in progress and
may have definite clinical application for the therapy of anemia.

In conclusion, hemopoietic culture provides a means of culturing large
numbers of blood cell progenitors under defined conditions. Recombinant
DNA technology has provided the means for production of specific growth
factors necessary for the culture of stem cells and their hemopoietic compart-
ments. Future advances in immunohematology, growth factor biology and
large scale culture technology will serve to enhance the establishment of
hemopoietic stem cell banks which could then serve as a permanent source
of bone marrow or blood cell progenitors.
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DISCUSSION

G. Jacquin, PC. Das

H.V. Beer (Miinchen): Dr Andersson, the topological structure you have shown
for Factor VIII, how was it derived.

L.O. Andersson (Stockholm): It is based on the sequence data, the domain struc-
ture and also the type of fragments you obtain by protein degradation. There
is no X-ray data available on Factor VIII and I think that will take still quite
a while. Essentially this model is based on amino acid sequence data.

A.B. Schreiber (King of Prussia): 1 enjoyed your talk. I can not let you go before
you make a prediction of when I could prescribe a vial of recombinant Factor
VIII for hemophilia patients.

L.O. Andersson: Clinical studies have started in the United States now and I
would guess that it will take some two, three years before they are completed.
Then regulatory authorities would take one or two years maybe less because
of the risks involved in present concentrates. So, I would guess on the order
of five years, but there may be people in the audience knowing better.

C.Th. Smit Sibinga: Just another question related to the final production as you
described. What was not quite clear to me is, whether the actual rDNA pro-
duction is now aimed for the totality of the molecule or is still aimed as it was
in earlier stages to just one part, the gag part, the low kilodalton part.

L.O. Andersson: That is an important question. Actually several groups are
working today on the recombinant Factor VIII. Some have chosen to take the
full size molecule at the genome level, but then what you actually get out from
the producing cells is not the single chain molecule. It is them mixture of all
the material that you do find in a normal commercial concentrate. So, even
if you have the full size gene you are getting a mixture out, because the host
cell is also processing it and you have in the cell culture added the calf serum,
which also gives a chance for thrombin formation causing degradation of the
molecule. But there are also some groups like ours who are working with the
smaller molecule.

C.Th. Smit Sibinga: Second question if I may. We learned from Dr Schreiber’s
presentation that in the highly purifying methods through immuno-
adsorption, you need a stabiliser eventually for the Factor VIII. How does
that look like in the rDNA. Do we need a similar stabiliser?
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L.O. Andersson: Yes, because the specific activity of Factor VIII is so high that
you probably have to add another protein in order to make it stable, not
adsorbing to the walls. Of course normal human albumin is a candidate for
that.

D. Voak (Cambridge): Dr Schreiber, how many times can you recycle the mono-
clonal antibody to Factor VIII to get a more economic utilization of the anti-
body for the biosynthesis or immunopurification of Factor VIII.

A.B. Schreiber: That is an excellent question in the sense that any recycling or
additional improvement in the number of recyclings of the columns is more
important in terms of cost economics than improvements in yield or cost of
the antibody can be. The decision to retire a column is also an economical
one in terms of defining satisfactory yields. We have experience with more
than 350 recyclings of the same resin upon which yields start to drop off and
it really pays more to start with a new column than continue to use it. I think
this is particular to the Factor VIII and to plasma applications. We have other
projects where we use the same column over a hundred times. Presumably
proteases in plasma start chewing on the antibody resin. To answer your
question it really depends on the resin material; 40 to 50 is a reasonable
number, but we are still improving.

B. Habibi (Faris): Dr Schreiber could you talk a little more about the yield of
that preparation and could you give us, if at all possible, an indication on the
price of the product you are preparing I know it should be considered as a
premature question, but it is important.

A.B. Schretber: In terms of yield I will give my classical answer, which is that
it is higher than some pasteurized preparations where you really take a great
loss in yield. It is obviously somewhat lower than current preparations as
there are additional processing steps. We have improved our yield over the
learning curve to make it quite satisfactory in terms of making it feasible. I
can not give you the precise percentage, but it is somewhere in between the
low and the high end of the spectrum. For terms of pricing I can refer you
to the business people. We do not feel the production price will remain the
same as we continue to improve the technology. Our policy as pharmaceutical
house is to bring any improvement in technology directly over to the primary
prescriber and the hemophiliac community. As this is a costly technique and
we can not supply the whole world, we are more than amenable to learn
about improvements and technology from other people as the purpose is truly
to give the best medically useful products to the hemophiliac community. In
terms of local prices, for marketing in the United States, as you know the
products have kept the same price for the last 15 years. So the differential will
be high. I think that in Europe they will be somewhat higher, but I can not
tell you the exact price. I will be more than happy to refer you to our
representatives.
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H.V. Beer: You mentioned very small volumes for Factor VIII Monoclate®.
I would estimate at least 10% loss in the infusion devices. If for example you
deliver 2.5 ml or 5 ml you would lose considerable activity in the devices.

A.B. Schreiber: In fact that was a concern especially at the price that it costs,
as you do not want to lose the 10% that usually stays in the butterfly. We are
bringing out a new device that would minimize that loss in the tubing. We
are also thinking and actually working on some improvements focussed on
surgical applications and pediatric applications. We have now data on the
stability in dry state as a lyophilized product, at both 4°C and room tempera-
ture for more than 3 years. It appears to have a fairly good stability also once
it is reconstituted. We are thinking of making different formats more applic-
able to continuous infusions. In fact I would like to take this time to make
a comment. Dr Smit Sibinga asked whether human albumin is a necessary
evil in the recombinant product. In our product it is currently used as stabil-
iser. We have a prototype product that is devoid of any extraneous human
proteins, basically an albumin free product. You can replace the human albu-
min at least at the small scale we are working at, by just playing with ionic
strength and using some- other formulations. So it is not unfeasible though
a bit more difficult.

J--C. Faber (Luxemburg): If I understand correctly your yield is 15% in this
method. Do you have an explanation why you lose 85% of the Factor VIII.

AB. Schreiber: I am not sure how you arrived at the numbers.
J.-C. Faber: Is the yield 15%, is that correct?
A.B. Schreiber: No, it is higher.

J.-C. Faber: Yes, but do you have an explanation why you can not extract the
rest of the Factor VIIL

A.B.. Schretber: Well, there is nothing as frustrating as starting from plasma.
When you go from plasma to cryoprecipitate as probably all of you in the
fractionation industry know, there seems to be at least 35% of the Factor VIII
bioactivity that somewhere disappears. So one could say why start with cryo-
precipitate if you lose right at the top 35% of your yields. Considering the
volumes that you have to load, the logistics, at least, at the scales that we are
working at, make it impossible and unfeasible to start straight from plasma
although the technique will work. You can take small volumes of plasma and
work at that. The losses are not that high in the affinity chromatography step.
It is starting with 35% off the top and then all the other steps that you usually
do to make a parenteral; the filtration, lyophilization and so on.

PC. Das: Dr Bennett, the rDNA vaccine, is it going to replace the plasma
vaccine completely and how soon.
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C.R. Bennet (West Point): Eventually it will be replaced. At the present time in
our company it is a matter of trying to outguess the market place. As I men-
tioned in my talk the acceptance of the plasma vaccine was low to begin with
and then as time proceeded it increased such that we reached the point where
we were nearly out of stock. What we had planned to do was to replace the
plasma derived vaccine with the recombinant vaccine as soon as possible.
However, with the increase in sales and distribution of the plasma vaccine and
the delay in getting the recombinant vaccine accepted, the lines overlapped.
Consequently we have been back in production with both the plasma vaccine
and the recombinant vaccine to meet the market demands. When the present
supply of plasma vaccine is depleted then it will be completely recombinant.

B. Habibi: Dr Zettlmeifll, how soon do you expect your rDNA antithrombin
III to go through the clinical trials or if possible on the market.

G. Zettlmeif§l (Marburg): A plasma concentration of 83% represents about
150 mg per litre. In our middle scale fermentation unit, which means about
hundred litres, we get now between 30 and 40 mg/l. This means a factor 3
to 5 less than human plasma. What we are trying to do now is try to increase
the yield by changing media and fermentation techniques. So, I think person-
ally it will last at least 3 to 5 years until we can start clinical trials with this
recombinant material.

S. Mouslichan (Jakarta Selatan): Dr Hervé, you mentioned that the monoclonal
antibodies used for T-cell depletion in leukemia give a high percentage of
relapse. How if we use this for bone marrow transplantation in thalassemia
patients.

P. Hervé (Besangon): It is not possible to use such GvH prevention for thalasse-
mia, because in these cases we have already a graft failure between 20 to 30%.
At the present for aplastic anemia and thalassemia I do not recommend to
use T-cell depletion, because of the rather high percentage of graft failure.

T.J. Hamblin: 1 agree with that. Actually, I think you give much less prepara-
tion to such patients and there is evidence that cyclosporin is very good for
thalassemia and aplastic anemia GvH prevention. Just a comment to Dr The,
because the system he was describing with LAK cells directed to monoclonal
antibodies is something we have been working on. I was pleased to see that
he gets exactly the same results as we do using mouse monoclonals and LAK
cells. This is because LAK cells do not have a receptor for mouse Fc. What
we have done to try to get around this, is to make chimeric antibodies with
human Fc and mouse Fab and I can say that these do in fact enhance the
effectiveness of LAK cells against tumour targets. The other thing that we
have been doing is making bispecific antibodies just as he is doing, except that
we have been using the CDI16 (anti-CD16) as the other half of the bispecific
antibody. This again enhances the killing. We are going for the NK1 or the
LAK1 type of receptor. Have you got any further results on your T3
biospecifics?
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T'H. The (Groningen): No, not yet.

T.J. Hamblin: Dr Hervé, I want to know if you really believe that we can
separate the Graft-versus-Host leukemia in different subsets of T-cells.

P. Hervé: A crucial question, because at the present we do not know really
what kind of T-cells are responsible of GvL effect and GvH reaction. The
problem is to identify each population in the bone marrow and to use a spe-
cific monoclonal antibody for each specific set.

WG. Ho (Los Angeles): Dr Hervé, how strongly do you feel that purging of
autologous marrow should be carried out before the transplant? Somewhat
disturbing evidence is accumulating that if one looks at the increasing
number of autologous transplants over the past decade, some of which have
been purged with antibodies against residual leukemic cells and some of
which have not, the overall results of the purged and unpurged marrow trans-
plants are about the same. In those patients who received purged marrow
transplants there is perhaps about a 20 to 25% long term survival for ALL
while in the unpurged situation the overall disease free survival is around 15
or 20%. In addition, when one does what could be considered the control
experiment for an autologous transplant in ALL ie. a transplant from a
genetically identical twin in which it is certain that the marrow being infused
does not contain leukemic cells (a situation which can never be certain with
the purged marrow), the relapse rate has been reported to be as high as 60%.
So, is purging really necessary?

P. Hervé: To reach better disease free survival it is necessary to increase both
in vivo purging as well as adapt conditioning regimens. Concerning the bone
marrow purging at the present we do not know. It is necessary first to assess
the residual disease, second maybe to combine different purging techniques
like chemotherapeutic agents plus monoclonal antibodies. But the problem is
to demonstrate by clinical setting that purging is effective or not.

H. Keable (Paris): My comments are addressed to the first part of Dr Hervé’s
talk and essentially concern the indications for T-cell depletion. We have had
similar experience with T-cell depletion. The quality of the T-cell depletion
varied according to the modalities used. We consistently obtained more than
three logs T-cell depletion with immunotoxins and we very rapidly reserved
that type of depletion for the miss-match transplant. With a cocktail of anti-
bodies (either CD2, 3 and 7 or 4, 5 and 8) we obtained only two log T-cell
depletion and with Campath I, it was extremely variable (between one and
three logs depletion). Regarding the status of the patients studied: When the
cocktail of different antibodies or T101 were used we had indeed a take of the
graft. But with Campath I we had a tremendous increase of bone marrow
rejection and failure as late as 9 months after BMT. None of these patients
could be rescued, except the one for whom we had cryopreserved marrow. For
the patients who survived more than a year (in leukemic setting), we deter-
mined the status of the chimera with molecular probes. We observed that they
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had either autologous or mixed chimera. It was in contrast with our aplastic
anemia patients, who had full engraftment. So I like to ask you to specify for
what type of patients you now do reserve bone marrow depletion.

P Hervé: We treated only CGL, AML and ALL patients, but if you look at
the bone marrow graft we observe a high percentage of mixed chimera’s. So,
the engraftment seems very good and it is important to carefully look at the
full chimera and the mixed chimera’s using T-cell depletion. In fact we know
that mixed chimerism is compatible with long term disease free survival —
the major question concerns its biologic importance of the allo BMT.

PC. Das: Dr Lutton, I think it is quite clear you have opened a new vista par-
ticularly in relation to all these growth factors and stroma cells. Could you
tell us what do you think the future would be for the cell count and cell
culture?

J-D Lutton (Valhalla): The future for cell culture with respect to cultivation of
all the elements, the stroma and non-adherent cells, I think is quite bright.
I think there are various areas such as utilizing foetal tissue like liver cells,
where we might be able to in fact expand and grow hematopoietic elements
and then utilize these cells. Such has been done for transplant purposes, and
I believe it certainly has a bright future. So, that would be one area that cer-
tainly has promise.



IV. Clinical application and future directions
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USE OF GENE PROBES FOR CARRIER DETECTION AND
PRENATAL DIAGNOSIS IN HEMOPHILIA A

E. Briét, A.H.J.T. Brocker-Vriends

Introduction

For a number of years the estimation of gene product (Factor VIII) concen-
trations was used for genotype assignment in potential carriers as well as in
prenatal diagnosis of hemophilia A. The difficulty with this method for
carrier testing is the probabilistic nature of the result. The Factor VIII assay
is converted into a likelihood ratio favouring carriership and this ratio is com-
bined with the genetic chance to yield a final probability of carriership [1-3].
In practice, however, it is very difficult for the women to base their decisions
on this kind of information.

In prenatal diagnosis the problems of gene product assays are of a different
nature. Fetal blood sampling is a difficult procedure that can be carried out
only in specialized centers. Moreover, the fetus must be about 19 weeks old
before the procedure is applicable and if an abortion needs to be carried out
this is unacceptably late for many of the consultands [4]. Against this back-
ground, the advent of recombinant DNA techniques has meant a great
improvement for potential carriers of hemophilia.

A number of different approaches can be taken to the diagnostic use of
gene probes in hereditary diseases. In sickle cell anemia the sixth amino acid
of the globin molecule has been substituted and at the DNA level this sub-
stitution leads to disappearance of a normal restriction site. The absence of
this site can be easily detected by the application of the Southern blot tech-
nique [5]. Since all patients with this disease have the same mutation, only
one set of reagents is required for the diagnosis. A procedure involving the
use of oligonucleotide probes can also be used if large numbers of patients
have the same mutation. This is the case in a-1-antitrypsin deficiency. The
diagnosis can be made by hybridizing the patient’s DNA with an oligonucleo-
tide probe complementary to the normal DNA sequence and a second probe
complementary to the mutant DNA sequence [6]. In hemophilia, however,
countless different mutations are responsible for the lack of clotting Factor
VIII or IX. It would be impractical to establish the specific mutation in each
family. So, a more universal procedure needs to be used. This procedure is
restriction fragment length polymorphism (RFLP) analysis. This method is
based on the occurrence of functionally neutral polymorphisms in the Factor
VIII gene that can be detected by Southern blot analysis and used as markers
for a mutation in the gene. Figure 1 schematically illustrates the Factor VIII
molecule with its gene. Five polymorphic restriction sites have been identified,
three of them intragenic (Bcl-I, Xba-I and Bgl-1 [7-9]) and two of them extra-
genic (Tag-I and Bgl-II [10,11]). Recently, it was demonstrated that both
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the Taq-I and the Bgl-II polymorphisms are at the telomeric side of the Factor
VIII gene with the Bgl-II site being the most telomeric (Carpenter, personal
communication). Recombination between the Factor VIII gene and these
extragenic sites occurs with a frequency of about five percent [12]. In our
studies we have used four out of these five markers [13]. The Bgl-I poly-
morphism does not contribute significantly to the chance of heterozygosity
and we have not yet felt the need to include it in our armamentarium.
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Figure 1: Schematic representation of Factor VIII and its gene. The inner part repre-

sents the protein with its heavily glycosylated B domain and the site of activation by

thrombin (IIa) and Factor Xa. The outer part represents the gene with its 26 exons
and the restriction sites for Bcl-I, Xba-I, Bgl-I, Taq-I and Bgl-II.
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Carriers
Since the introduction of DNA analysis we have examined 225 potential

carriers from 68 unrelated families (Table 1). The new possibilities have led
to a 100% increase in the referrals for carrier testing and prenatal diagnosis.

Table 1. RFLP analysis in hemophilia A.

Familial Isolated Total

Families 39 29 68
Potential carriers 132 93 225

In familial cases the use of RFLP analysis has dramatically improved our
ability to distinguish carriers from non-carriers (Table 2). Eighty-six percent
or 114 out of 128 possible carriers could be given near-certainty about their
carrier status. In general, 60% of women is heterozygous for one of the intra-
genic polymorphisms and for them a diagnosis is virtually certain.

Table 2. Contribution of DNA analysis to results of carrier testing in
familial hemophilia A. (n=128).

Probably carrier  Probably non-carrier  Doubtful

Analysis (p>95%) (p>5%) (p 5-95%)
Classical 27 40 61
Classical and DNA 45 69 14

Unfortunately, more than half of the consultands are related to isolated
patients. If the abnormal X-chromosome and its DNA markers are not pres-
ent in a female relative of the patient, carriership can be excluded. However,
carriership can never be proven on the basis of DNA markers alone since each
isolated patient may be the recipient of a new mutation and in that case the
female relatives are probably non-carriers. A statistical diagnosis can be made
if Factor VIII assays combined with DNA analysis are used in these cases.
In 34 out of 90 cases carriership could be excluded while a high probability
of carriership was found in nine.

In 37% of women we have to rely on one of the extragenic polymorphisms
which carry a 5% risk of recombination. Our primary approach is to digest
the DNA with Bcl-I, Xba-I combined with Kpn-I and with Taq-I. If the
results of subsequent Southern blotting do not provide an informative situ-
ation we apply Bgl-II. In this way, the first round gives a 94% chance of
heterozygosity which rises to 97% in the second round with the application
of Bgl-II.
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Table 3. Prenatal diagnosis by chorionic villous
biopsy and RFLP analysis.

Diagnosis based on

Fetal sex Diagnosis intragenic extragenic

RFLP RFLP
Male affected 3 3
(n=11) unaffected 4 1
Female affected 1 1
(n=8) unaffected 4 2

Table 4. The origin of the mutation in families with an
isolated case of hemophilia A by RFLP analysis. (n=26).

RFLP used for

diagnoses
Origin of the mutation = Number of
families intragenic  extragenic
Grandfather* 10 5 5
Grandmother 1 1 -
Mother 2 - 2

No conclusion 13 -

* Parenthood was confirmed by Hinfl/33.15 minisatellite probe
analysis.

Prenatal diagnosis

Chorionic villous biopsy allows the study of fetal cells during the ninth or the
tenth week of gestation. Chromosomal analysis provides the sex of the fetus
and by RFLP study it can be determined whether the unborn child carries
the abnormal gene. The major advantage of this approach is that the result
of the tests can be obtained well within the first trimester of the pregnancy
before loving and inquisitive relatives or friends need to be informed. In addi-
tion an abortion is acceptable to many more couples during this early stage
then during the 20th week which is unavoidable if the decision is based on
the result of fetal blood sampling.

We have been using the same markers for prenatal diagnosis as for carrier
testing [14]. The limitations of the extragenic markers are very important
especially if a normal male fetus is diagnosed. In this situation, a 5% risk of
a false result is unacceptable to many. If, however, an affected male is diag-
nosed with 95% certainty, most couples will be satisfied and decide to have
the pregnancy terminated (or to accept the child in spite of the diagnosis). If
the mother is informative for both of the intragenic markers Bcl-1 and Xba-I
we prefer the use of Bcl-I for technical reasons. Only if neither of the intra-
genic markers is informative we use the extragenic Taq-I marker.
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A practical problem is caused by women seeking prenatal diagnosis
without previous RFLP studies being carried out on themselves or their rela-
tives. Usually, we need to have RFLP data on the consultand, her parents,
an affected relative and sometimes additional relatives either affected or not.
These data are required to establish carriership in the consultand and to find
out whether she is heterozygous for one of the markers and to determine the
linkage phase. If she is homozygous for all the markers prenatal diagnosis
using RFLP’s cannot be done. Moreover, it is not always easy to get all the
family members together for blood sampling and usually it takes quite some
effort to get the necessary results before the pregnancy is nine weeks old.
During the past two years, 12 out of 19 women had not yet been tested for
RFLP’s when they applied to us for prenatal diagnosis.

The results of the 19 cases of prenatal diagnosis by RFLP are provided in
Table 3.

Isolated cases of hemophilia and recent mutations

Until recently, it was thought that most mothers of an isolated case of hemo-
philia were carrying the abnormal gene [15]. Since the introduction of RFLP
analysis, however, it has been found in several instances that the abnormal
X-chromosome of a patient derived from a non-affected maternal grandfather
which is suggestive of a mutation in the grand-paternal sperm or in the
maternal ovum. In addition, we have observed one case in which a deleted
gene could be traced to the maternal X-chromosome of the mother of the
patient and not to the maternal grandparents, which proves that a mutation
occurred in the ovary of the maternal grandmother. The chance that a similar
mutation occurs twice in the gonads of one individual is extremely small.
Consequently, it is important to identify the origin of these mutations since
the siblings of a recipient of such mutations are probably normal. The study
of Duchenne muscular dystrophy families, however, has now disclosed the
existence of germ line mosaicisms [16]. In these cases an unknown proportion
of the ova or sperm cells carries the same mutation and the risk of recurrence
of the disease in future children may be considerable, but has not yet been
defined. Until now, such mosaicisms have not been reported for hemophilia
but we consider it prudent to accept their existence and to be very careful with
genetic counselling in these families. Table 4 summarizes our data on the
origin of the mutations in sporadic hemophilia.
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IN VIVO CHARACTERISTICS OF rDNA FACTOR VIII: THE
IMPACT FOR THE FUTURE IN HEMOPHILIA CARE*

K.A. High**, G.C. White II**, CW. McMillan*** B.G. Macik**,
H.R. Roberts**

In the late 1940’s and before, plasma was the only reliable source of blood
clotting factors for replacement therapy. The physiological basis of plasma
replacement therapy was initially worked out in canine models of classic
hemophilia stressing the half life of Factor VIII, its distribution after infusion,
and the maximal doses of Factor VIII that could be achieved in circulating
blood. From this experience it became obvious that the maximal levels of
Factor VIII that could be achieved with plasma were about 20% of normal
or 0.2 u/ml [1]. Higher levels could not be attained because of the danger of
inducing congestive heart failure. Although 20% levels of Factor VIII were
sufficient to control hemarthroses, soft tissue bleeding and even major bleed-
ing in some cases, this level was not always sufficient to control hemorrhage.
Surgery, hematuria, and severe trauma to hemophilic patients frequently
resulted in bleeding that required Factor VIII levels close to 100% of normal.
Thus, the need for purified and concentrated Factor VIII products for classic
hemophilic patients was never questioned. In fact, when plasma was the only
therapeutic option, all clinical coagulationists agreed that for any clotting
factor deficiencies, specific clotting factor concentrates were essential for treat-
ment if normal hemostasis were to be achieved.

Plasma-derived Factor VIII concentrates

This recognition led to great efforts to prepare Factor VIII concentrates. The
Chapel Hill group led by Dr Brinkhous, the Oxford group led by Drs Mac-
Farlane and Biggs, and the Karolinska group led by Drs B. and M. Blomback
made great strides in purifying Factor VIII from plasma [2-4]. However, the
first major breakthrough occurred in 1964 when Pool and coworkers, exploit-
ing a closed plastic bag system, succeeded in developing a simple method for
separating Factor VIII rich cryoprecipitate from normal human plasma [5].
This development led to a Factor VIII product about 10 fold concentrated
compared to plasma, that permitted clinicians to achieve normal circulating
levels of Factor VIII in hemophilic recipients without overloading the circula-
tion. Using cryoprecipitate as a starting product, the methods for Factor VIII
purification developed in several laboratories were quickly adopted by industry

* Supported in part by grants from the National Institutes of Health: HL26309,
HL01922, HLO07149, CA43447.

** Dept. of Medicine and the Hemophilia Center.

*** Dept. of Pediatrics, The University of North Carolina at Chapel Hill.
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Table 1. Advantages and disadvantages of cryoprecipitate.

Advantages of cryoprecipitate

* Relative ease of preparation (ie. in local blood banks and hospitals)
* Low cost relative to concentrate in some areas of the world

Disadvantages of cryoprecipitate

Disease transmission Hepatitis B
Delta virus
Hepatitis NANB
HIV
Immunologic complications  Allergic
Alloantigens and possible
immunosuppression
Potency variation Age of plasmas
Freezing/thawing technique
Choices of anticoagulant
Versatility Necessity for freezing
Multiple bags must be combined
Difficult to heat-treat

Table 2.  Advantages and disadvantages of Factor VIII concentrates.

Advantages of lyophilized commercially available concentrates

High purity

Easy reconstitution

Home therapy

Stability

Easy availability

Accurate labelling for accurate doses

Disadvantages of lyophilized commercial concentrates

Transmission of infectious Hepatitis B, NANB

disease AIDS

Allogenic proteins Immune alterations

Large donor pool 2,000-20,000 donors per lot of product
Cost

so that commercial Factor VIII concentrates became widely available in the
late 1960’s [6]. The glycine precipitation method of Wagner was the most
widely used [2]. The advantages of the commercially produced Factor VIII
concentrates included increased purity, the ability to lyophilize the product,
and versatility when compared to cryoprecipitate. The disadvantages included
the higher incidence of all forms of hepatitis, the larger pool size of donors,
and in 1978, the introduction of HIV into lots of Factor VIII prepared from
large donor pools. The advantages and disadvantages of both cryoprecipitate
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and commercially prepared Factor VIII concentrates are shown in Tables 1
and 2.

Prior to discovery of HIV contamination of starting plasma, commercially
prepared Factor VIII concentrates were already subjected to heat-treatment,
usually after lyophilization. Heat was designed to free the concentrates of
hepatitis viruses. After HIV was found to be the causative agent of AIDS it
appeared that this type of heat-treatment attenuated HIV, but not the viruses
causing either hepatitis B or non A-non B. More recent developments, in-
cluding pasteurization and the use of organic solvents and detergents applied
to Factor VIII concentrates, appear to render these concentrates safe in terms
of transmission of viral diseases, including hepatitis B, non A-non B, and
HIV. These data are summarized in Table 3. However, even the present
Factor VIII preparations currently available still have large amounts of allo-
genic proteins; these proteins may possibly alter immune function in hemo-
philic recipients.

Table 3. Viral inactivation procedures for plasma-derived clotting factor
concentrates.

Effectiveness
Manufacturer Conditions Hepatitis AIDS
Hyland Heat;dry;72hrs;60°C no yes
Cutter Heat;dry;72hrs;68°C no yes
Armour Heat;dry;30hrs;60°C no (P)yes
Alpha Heat;dry;suspended in
n-heptane;20hrs;60°C no yes
Behringwerke Heat;solution;10hrs;60°C (?P)yes yes
Immuno Steam;10hrs;60°C;pressure;1hr;80°C no yes

* Modified from Comperts, E., Reference #13.

Two recent developments have largely obviated the disadvantages of cur-
rently available Factor VIII concentrates, namely, the development of ultra-
pure Factor VIII preparations by monoclonal antibody purification of plasma
and in vitro synthesis of Factor VIII by recombinant DNA techniques. The
characteristics of these Factor VIII products are briefly summarized in Table
4. The proteins are pure (except for albumin added as a stabilizer) and can
be treated in such a way as to render them free of live viruses. The final
Factor VIII product derived by monoclonal antibody techniques still must be
heat-treated or exposed to detergents and organic solvents to kill HIV and he-
patitis viruses. Presumably such treatment is not necessary for Factor VIII
products derived by recombinant DNA techniques. In addition, the total pro-
duction of plasma-derived monoclonal purified Factor VIII concentrate is
theoretically limited by the available worldwide plasma pool, whereas ther-
apies based on recombinant DNA techniques are not.
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Table 4. Monoclonal antibody purified plasma-derived Factor VIII and
recombinant Factor VIII.

Monoclonal antibody purified Recombinant Factor VIII
plasma-derived Factor VIII

Specific activity 2000 u/mg protein 5000 u/mg protein
Extraneous proteins only albumin added as only albumin added as
stabilizer stabilizer

Isolation of the gene encoding Factor VIIIC

The basis for the production of recombinant Factor VIII was the isolation of
the gene Factor VIIIC reported independently by 2 groups in late 1984 [7,8].
The cloning of the gene for Factor VIIIC proved to be a formidable task for
several reasons: first, the size of the gene (186kb) made it by far the largest
gene that had been characterized at the time it was reported [9]; second, the
very low abundance of Factor VIII messenger RNA meant that many recom-
binants would need to be screéned [7]; and third, the fact that the site of syn-
thesis of the protein was not known at the time these efforts were begun meant
that a circuitous cloning strategy had to be adopted.
A. Genomic clones are much longer than ¢cDNA clones, because they still

contain introns or intervening sequences.

(7 07 7 N I T W)
/

Gene (DNA) encoding FVIlic
26 exons (black) and 25 introns (white)
Total length 186kb (kilobases)

!

mRNA for FVillc
The introns, or intervening sequences are looped out, leaving only the
coding regions, or exons. The mRNA is anly 9kb in length. (Not drawn to

AN~

scale).

B. mRNA can serve as a template for the synthesis of cDNA, a double-
stranded DNA copy of the messenger RNA, which contains only coding

sequences

9kb
mRNA

reverse transcriptase

9kb
double-stranded cDNA.

Figure 1: Glossary of terms used to describe cloning process.
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Amino acid sequence of porcine Factor VIII

|

synthetic oligonucleotides used to screen porcine genomic library

|

Porcine clone used to screen human genomic library

!

Human genomic clone used to screen RNA from various tissues.
Fetal liver identified as source of Factor VIIIC

!

Human genomic clone used to screen fetal liver cDNA library

Sequencing of overlapping clones yielded 9009 bp cDNA sequence
encoding entire Factor VIIIC molecule

Figure 2: Molecular cloning of cDNA encoding Factor VIIIC.

The strategy used by the group at Genetics Institute [7] is depicted in
Figures 1 and 2 and may be summarized as follows: since the tissue of origin
of Factor VIIIC was unknown, the usual approach of constructing a cDNA
library from the tissue of origin (such a library is enriched for copies of the
gene in question, compared to a total genomic library) could not be utilized.
Instead, genomic clones were obtained first and then used to screen RNA
from a variety of tissues; Northern blots suggested liver as the best source of
Factor VIIIC and the full length cDINA was obtained by screening a fetal liver
c¢DNA library.

plasmids
/ Calcium phosphate co-precipitation
oh
/
Chinese hamster ovary cells ;
OO Methotrexate selection to isolate cells carying

plasmid

/

Secretion of biologically active Factor VIII into
O 7, the medium

|

Isolation of Factor VIII:C using monoclonal antibody

Figure 3: Schematic diagram of preparation and purification of recombinant Factor
VIII in mammanlian expression system. See text for details.
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Note that in order to obtain amino acid sequence information for use in
constructing the probe, porcine Factor VIIIC, which could be obtained in
plentiful amounts, was purified and sequenced. This sequence information
was used to construct several synthetic oligonucleotides, which were then used
to screen a porcine genomic library. This clone was used to obtain a human
genomic clone, and the human clone used to screen various RNA sources
(different tissues) as described above.

The isolation of the gene for Factor VIII permitted its use to direct the in
vitro synthesis of recombinant Factor VIII [8]. The steps involved in in vitro
synthesis are outlined in Figure 3. Note that Factor VIII, like other proteins
requiring sophisticated post-translational modifications, cannot be expressed
in the bacterial expression systems used in the production of simpler recom-
binant proteins, such as insulin and growth hormone. This requirement for
mammalian tissue culture systems adds considerably to the expense of the
product, (e.g. because of expenses of media, of monitoring cell lines, etc.).
However, for very large proteins, for those requiring glycosylation, or gamma-
carboxylation, bacterial systems are not adequate.”

Additional expense in the production process arises from the need to sub-
ject the recombinant protein to extremely powerful purification processes. In
contrast to plasma-derived Factor VIII, a contaminant protein in a recom-
binant Factor VIII (rFVIII) preparation is unlikely to be of human origin,
since the cell lines used are generally not human.

In the diagram shown, a recombinant plasmid carrying Factor VIII cDNA
and a selectable marker (in this case the dihydrofolate reductase (DHFR)
gene, which confers resistance to methotrexate on a host cell), is introduced
into Chinese hamster ovary cells by calcium phosphate co-precipitation. The
efficiency with which the recombinant plasmid is introduced into the recipient
cells is quite low, on the order of 1 in 10°.

Treatment of the cells with methotrexate is thus used to select for those
which have taken up the recombinant plasmid, since only those expressing the
DHFR gene will survive methotrexate treatment. The transformed cells are
now grown under optimal conditions of pH, O,, cell density, etc. [10]. Factor
VIII is secreted into the medium, from which it is purified using a mono-
clonal antibody. The purified rFVIII has a specific activity in the range of
7000 IU/mg protein and requires albumin for stabilization.

rFVIII produced under conditions similar to these has been analyzed ex-
tensively and found to be identical to the plasma-derived product. SDS-Page
electrophoresis of recombinant and plasma derived Factor VIII, before and
after thrombin cleavage, discloses no differences between plasma derived and
rFVIIIL rFVIII combines with von Willebrand factor and is effective in dog
models [6].

The theoretical advantages of rFVIII are safety in terms of transmission
of hepatitis and AIDS, and purity in terms of protein administered. There
is no reason to believe that use of the product will be associated with increased
incidence of inhibitors.

* Bacteria are capable of glycosylation, but prokaryotic and eukaryotic patterns
are so different that they are not interchangeable.
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rFVIII is currently undergoing testing in humans [11]. The first treatment
of a human hemophilic patient occurred on March 27, 1987 in Chapel Hill,
NC. Factor VIII levels of over 100% were observed and initial fall off studies
were normal. Thus, the pure Factor VIII apparently combines with circula-
ting VWF in vivo. Given the purity of this preparation, immunologic altera-
tions in recipients should be minimal. The cost of rFVIII, if and when it
becomes commercially available, is not yet known.

Gene transfer therapy

Recombinant Factor VIII is produced by using the cloned gene to direct the
in vitro synthesis of Factor VIII. Gene transfer therapy, on the other hand,
refers to the actual insertion into the host’s genome of a normal replacement
gene. As of this writing, significant problems, including adequate levels of ex-
pression, regulation of expression, and overall safety, remain to be solved
before gene transfer therapy becomes a reality.

However, hemophilia has several features which recommend it as a starting
point for gene transfer trials [cf. 12]. First, unlike a number of genes already
available (e.g. globin, insulin) the genes for clotting factors do not require pre-
cise regulation in order to be effective. Expression at a level as low as 5% of
normal could have a therapeutic effect, and levels as high as 150% would not
be harmful. Secondly, unlike many proteins which require tissue-specific ex-
pression, (not yet a realistic goal in gene transfer therapy), clotting factors
could be synthesized in any tissue, so long as the tissue is capable of carrying
out the necessary post-translational modifications and secreting the protein
into the circulation.

Summary

Recombinanat DNA techniques have made possible the production of a
protein of high purity for replacement therapy. This product is free of viruses
found in plasma-derived products and has been effective in limited clinical
trials. Scaled-up production of this large and complex molecule has been
complicated by the necessity for mammalian expression systems and mono-
clonal antibody-based purification schemes. Nevertheless, it appears likely
that molecular genetic techniques will eventually result in widespread avail-
ability of a safe, effective and affordable recombinant Factor VIIL
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CLINICAL EXPERIENCE WITH MONOCLATE®,
A MONOCLONAL ANTIBODY PURIFIED FACTOR VIII
PREPARATION FROM HUMAN PLASMA

A.B. Schreiber, J.J. Petillo, K.D. Lamon

Introduction

Monoclate® (Rorer/Armour Pharmaceuticals Division) is a highly purified
Factor VIII:C preparation derived from human plasma by immunoaffinity
chromatography. As described in an accompanying report in these proceed-
ings [1], Monoclate® is a stable Factor VIII:C preparation of specific activity
between 800-4500 IU/mg protein, prior to the addition of human serum albu-
min as a component of the parenteral formula. A key manufacturing step of
the Monoclate® process is the absorption of Factor VIIL:C-von Willebrand
factor complexes from cryoprecipitate to monoclonal antibodies specific for
von Willebrand factor, that are immobilized on a solid phase resin. In pre-
clinical studies, the composition of Factor VIII in Monoclate® preparations
appears to be indistinguishable from that in either currently commercially
available impure concentrates of plasma or recombinant DNA derived
material.

Acute and subacute studies in rats, rabbits and dogs have established the
general and hemodynamic safety of Monoclate® infusions. Viral spiking
experiments, where the manufacturing process was challenged with unusually
high titers of a series of model viruses and HIV, have indicated that the affin-
ity chromatography step provides a significant additional margin of safety.
The half-life and recovery of Factor VIII bioactivity was also established as
within normal ranges in hemophilic dog experiments. Prompted by this pre-
clinical profile, we set out to assess the safety and efficacy of Monoclate® in
hemophilia A patients in early 1986. The following key questions were intend-
ed to be addressed by the design of clinical studies:

1. Monoclate® represents the first Factor VIII preparation where Factor
VIIIL:C is virtually free of von Willebrand factor. Would Factor VIII:C
in Monoclate® reassociate functionally in man to reproduce normal
pharmacodynamics?

2. HIV transmission by blood products, in particular plasma cryoprecipitate
has caused seroconversion in a majority of hemophilia patients, with
some occurrences of full-blown disease. Post-transfusion hepatitis has also
been frequent among patients with hemophilia who are treated with con-
centrated Factor VIII prepared from pooled plasma. Would the high level
of purification of Factor VIII in Monoclate® correspond to an increased
safety from viral transmission in patients?

3.  Small amounts of murine antibody may leak from the affinity resin used
in the Monoclate® process and occasionally be found in the final product.
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Product specifications for release call for less than 50 ng/100 IU Factor
VIII activity. Would this amount of foreign material induce an immune
response in man? If so, would this result in the occurrence of allergic
reactions upon chronic treatment?

Half-life and recovery of Monoclate®

The safety, tolerance, half-life and recovery of Monoclate® were first evalu-
ated in seven HIV seropositive patients with severe or moderate hemophilia
A. The age of the patients ranged between 16 and 39 years and their weight
between 61 and 114 kg. The first infusion was well tolerated. The in vivo be-
haviour of the preparation was comparable to that observed with currently
available commercial Factor VIII concentrates. The second phase half-life
mean was found to be 15.2 +3.2 hours. Recovery of Factor VIII was calculated
as 1.8+0.2 IU rise/kg/dl.

The same seven patients were enrolled in a long-term study that by now
has reached sixteen months of treatment on an as-needed basis. Patients each
received approximately 90 infusions or 120,000 AHF units. The half-life and
recovery of Factor VIII was calculated for one infusion of Monoclate® at a
six month timepoint and found to be clinically and statistically indistinguish-
able from values at screen.
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Figure 1. Human anti-mouse Ig antibodies in serum of adult hemophiliacs treated
with Monoclate®. Black bars are data for positive control.
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A battery of clinical laboratory safety assessments were performed for this
ongoing study. No unexpected chemistry or hematology results were observed.
ALT levels were high at screening and remained abnormally high in these
patients, in which the prevalence of NANB hepatitis is maximal, though a
downward trend was observed. T cell counts in individual patients were vari-
able from month to month, with a strong trend toward stabilization. Striking-
ly, there was an improvement in six out of seven patients for the response to
multiple skin test antigens. Three patients were anergic at screen and all
demonstrated repeated, significantly positive responses after infusions with
Monoclate®. In fact, the mean response for the seven patients was found to
be identical to a historical age-matched cohort of normal volunteers. No drug-
related adverse experiences were reported.

Results from this initial clinical study clearly demonstrate, in our opinion,
that Factor VIII:C in Monoclate® rapidly reassociates with circulating von
Willebrand factor in vive. Further, Monoclate® appears to provide an effective
procuagulant substitution therapy for adult hemophiliacs. Subjectively,
Monoclate® therapy was found extremely convenient by the patients, thanks
to the almost instantaneous reconstitution time, an immediate consequence
of the product purity.

The viral safety of the product could not be assessed in these seven previ-
ously multiply transfused and HIV seropositive patients. As it pertains to
safety concerns for murine antibody contaminants, there were no reports of
hypersensitivity-related adverse experiences. A sensitive and specific radio-
immunoassay was designed to follow the presence and levels of human anti-
mouse Ig antibodies in the serum of these patients. The assay was validated
with positive standard sera obtained from patients enrolled in clinical trials
undergoing monoclonal antibody parenteral therapy for colon carcinoma [2].
In these immunotherapy trials, patients were repeatedly infused with murine
antibody in amounts varying from 1 mg to 500 mg/infusion (Figure 1). They
invariably developed an immune response to murine antibody and serum
levels could be measured varying from 50 microgram to 150 microgram/ml.
The detection level of our assay is about 4 microgram/ml of human anti-
mouse Ig antibody. Six out of the seven hemophiliacs treated with
Monoclate® have not presented with detectable levels of antibody over the
sixteen months of observation. One patient presented detectable levels of anti-
body reacting with mouse Ig prior to any infusion with Monoclate®. Over
the time-course study, levels remained detectable at similar levels. This
patient also tested positive for rheumatoid factor. By virtue of the cross-
reactivity of rheumatoid factor with the Fc portion of both human and mouse
Ig, results of the assay for this patient cannot be properly assessed.

The number of patients in this study is too small to draw any firm con-
clusions on possible advantages of a purified preparation of Factor VIII as it
relates to the immune status of hemophiliacs. The notion exists that multiply
transfused patients, such as hemophiliacs, may be immunocompromized as
a consequence of the enormous alloantigenic load they undergo during ther-
apy. Several reports in the literature appear to confirm this hypothesis. For
example, children with hemophilia appear to be remarkably susceptible to
infection with tuberculosis when accidentally exposed to the disease [3].
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There appears to be a positive correlation between disease development and
the amount of replacement therapy administered. Abnormalities in T-cell
subset distribution, even prior to the high prevalence of HIV infection, have
been attributed to the repeated exposure to alloantigens contained in
intermediate-purity plasma products [4,5]. A deficiency of the immune
response at the level of antigen-dependent macrophage-T' cell interaction was
noted [6]. This in vive observation was strengthened by laboratory work in
which treatment of normal monocytes with Factor VIII concentrates was
shown to lead to down regulation of Fc receptors on the monocyte membrane,
which in turn leads to a reduced capacity of the cells to release oxygen radicals
and bacterial killing [7]. This defect appeared to be attributable to the
presence of Ig aggregates and/or immune complexes in clotting factor concen-
trates. The anecdotal yet remarkable resurgence of three out of seven patients
from total anergy to multiple skin test antigen and the overall trend of im-
provement towards normalcy in all seven patients should not be dismissed
lightly. This simple in vivo test indeed represents accurately the coordinated
functionality of all immune cell subsets. This observation, which we speculate
can be attributed to the purity of Factor VIII in Monoclate® prompted us
to design and initiate large controlled clinical trials where the immune status
of hemophiliacs is assessed. These trials are currently ongoing.

Viral safety of Monoclate®

An open multi-center clinical study, still in progress, in eleven centers in the
US and Europe, was designed to assess the effects of the chronic use of
Monoclate® in pediatric hemophiliacs, previously unexposed to Factor VIII
concentrates. There are currently twenty patients enrolled in the study and
we here present results from an interim analysis for eleven patients that have
completed six months of therapy. The age of the patients at first infusion of
Monoclate® ranged from four to forty-three months. None of the eleven
patients had previously been exposed to any antihemophiliac factor concen-
trates, but four had received cryoprecipitate from up to ten donors. Prior to
entry into the study, patients were immunized against hepatitis B and all
demonstrated serological findings indicative of protection without infection
from the vaccination.

Monoclate® was administered by intravenous infusions, as needed for
bleeding or traumatic episodes. A single lot was assigned to each patient for
the six month period, a total of five lots were used. The total cumulative dose
per patient ranged from 450 IU to 12,00 IU and the number of infusions from
2 to 32. The lowest total daily dosage was 110 IU and the highest was 1500
IU; the highest single dose for any infusion was 570 IU.

Clinical and laboratory safety parameters were monitored over the six-
month period. These included: serum ALT levels to evaluate development of
NANB hepatitis, radioimmunoassay for antibody to mouse Ig, HIV seropos-
itivity and Factor VIII inhibitors (Table 1).
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Table 1. Viral safety of Monoclate®.

11 hemophilia A patients previously unexposed to AHF
5 individual lots of Monoclate®
6 months study completed

— 2 ALT spikes over normal value, <2xnormal value no evidence of NANB
hepatitis
— no HIV seroconversion

Serum ALT’s were obtained every two weeks. There were no remarkable
patterns in the fluctuations in ALT levels (mainly within normal limits) nor
were there any persistent elevations of ALT. Two patients had a single occur-
rence of an ALT value higher than the upper limit of normal for that particu-
lar clinical laboratory, though the abnormal value was below twice the upper
limit of normalcy. These single increases in ALT were correlated with viral
upper respiratory infections and/or buccal hemorrhages. It is conceivable that
these may be causal for the observed elevations. All eleven patients were nega-
tive at screen and remained negative throughout the six-month study period
for anti-HIV antibody. From these data, we conclude that there was no inci-
dence of NANB hepatitis. Taking into account the five individual lots of
Monoclate® used in these patients, we feel the data further strongly indicate
the viral safety of the product in an absolute sense. Our results should indeed
be contrasted with studies previously performed according to similar proto-
cols where either unheated or dry heated Factor VIII concentrates were used
[8,9]. In the latter studies sixteen out of eighteen patients developed per-
sistent, extremely high levels of ALT within three months of treatment. As
it pertains to HIV seroconversion, a six-month time point is too short to make
conclusive statements, though data from the ongoing clinical trial extension
are accumulating to confirm these findings.

None of the patients’ sera had any Factor VIII inhibitors upon entry into
the study. Two out of eleven patients were positive for inhibitor titer at their
six-month evaluation. This relative incidence (18%) is consistent with the
incidence rate associated with use of any AHF product in moderate to severe
hemophilia A patients.

Two out of eleven patients had detectable human anti-mouse Ig antibody
levels prior to any infusion with Monoclate® and at various time points there-
after. The clinical significance of these levels in the absence of any allergic
reaction is presently unknown and may reflect a particular cross-reactivity
due to ‘natural’ antibodies in this pediatric population [10]. All other hemato-
logical parameters were essential within normal ranges at screening at six-
month determinations.

For the purpose of the trial, an adverse event was defined as any abnormal
clinical sign or subjective complaint. Eight out of eleven patients reported a
total of fifty-one occurrences of adverse experiences. The most frequent type
was respiratory with congestion and cough. Otitis also occurred in six
patients. All the occurrences of adverse experiences were judged by the caring
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physicians as being consistent with colds and infections known to be common
in a pediatric population.

Conclusion

Monoclate® represents a novel therapeutic modality in the treatment of
hemophilia A. The highly purified Factor VIII:C in Monoclate® exhibits a
pharmacodynamic behaviour similar to that from currently available impure
concentrates. The administration is convenient to patients and well tolerated.
The absence of occurrence of NANB hepatitis in eleven pediatric patients,
previously unexposed to AHF concentrates, over a period of six months in
indicative of the viral safety of the product. No clinical observations have in-
dicated reason for safety concerns due to the potential contamination of the
product with small amounts of murine antibody originating from the purifi-
cation process. Preliminary results suggest a trend toward improvement of the
global immune status of hemophiliacs, treated chronically with Monoclate®.
These observations are currently being assessed in controlled clinical studies.
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DEPLETION OF LYMPHOCYTES FROM BONE MARROW -
INDICATIONS, EXPECTATIONS AND CLINICAL EXPERIENCE

T.J. Hamblin

Introduction

When S. Cosmas and S. Damian transplanted the leg of a “Blackamoor
slave” to a 4th century christian, they opened a Pandora’s Box of untold com-
plexity. Bone marrow transplantation (BMT) is undoubtedly the most
complicated of all transplantation procedures, a) because bone marrow is a
complex mixture of tissues, and b) because both the host and the graft are
immunologically competent.

The removal of lymphocytes and other cells from bone marrow grafts is an
attempt to simplify the complex biological reactions taking place and in some
circumstances to reduce the immunocompetence of the graft. There are, in
the main, two reasons for which lymphocyte depletion is attempted:

a, 'Tcell depletion of bone marrow allografts to try and reduce the incidence
of graft-versus-host disease (GvHD); and
b. removal of tumour cells from bone marrow autografts.

A large number of different techniques have been used for bone marrow
purging and these are listed in Table 1. Most of them are effective in the cir-
cumstances in which they are used and choice between them often depends
on local factors and interests. This review does not discuss the advantages and
disadvantages in detail.

T-cell depletion of bone marrow allografts

Acute GvHD is the most important complication of allogeneic BMT, occur-
ring in approximately 40-60% of recipients of HLA-matched sibling grafts
and in over 70% of grafts from matched unrelated donors (MUDs) [1].
Patients with moderate or severe GVHD have a case fatality rate of >50%.
Prevention of GvHD by post-graft treatment with methotrexate or cyclospo-
rin or both has been less than ideal and several groups of workers have shown
that the incidence of Grade II, III and IV GvHD is much less when the bone
marrow is depleted of T cells by any one of a number of methods [2-4].
Unfortunately this reduction in GvHD is not matched by an improvement
in survival [3]. The new life threatening complications are an increased rejec-
tion rate caused by host-versus-graft reaction and an increased relapse rate.
These data suggest that the T cells within the graft have at least two func-
tions other than the production of GvHD; namely suppression of the host
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Table 1. Methods of purging

Immunological antibody plus complement
toxin
radioisotope
magnetic beads
RBC, panning

Pharmacological 4-hydroperoxycyclophosphamide

mafosfamide
methyl prednisolone
etoposide

Physical density gradients

E-rosettes
lectins
elutriation
hyperthermia

Preferential expansion of normal double autografting

clones circulating stem cell autografts

long term bone marrow culture

G-CSF

response to the graft and a Graft-versus-Leukemia effect (GVL). It is certain-
ly possible that yet another function is involved in the prevention of rejection
of mismatched grafts. What is not known is whether these different functions
can be attributed to different subsets of lymphocytes. In animals GVL is
separable from GvHD [5] but this is not clearly so in humans where it may
be different for different tumours. Relapse after T-depleted BMT is higher for
chronic myeloid leukemia and second remission acute lymphoblastic leuke-
mia, but the effect is less easy to demonstrate for acute myeloblastic leukemia.
It has been suggested that GVL is associated with the graft NK cells, but so
far attempts to use depletion regimens which leave NK cells intact have not
reduced the relapse rate [6].

On the other hand rejection has been shown to occur in conjunction with
GvHD, suggesting that different T-cell subsets mediate these separate effects
[7]. Nadler has suggested that a host derived mature T cell bearing CD3,
CD5, CD6, CD8 and HLA class II antigens but lacking CD4 and CD25 is
responsible for graft rejection [8]. It is not clear what sort of cell in the graft
is capable of suppressing this cell.

Current strategies in reducing rejection and relapse rates include:

a. Increasing the severity of the conditioning regimens:
750 cGy single dose TBI (Royal Free),
7 rather than 6x200 cGy fractionated TBI (Glasgow), or
1575 rather than 1200 cGy (Seattle) have all proved effective in reducing
the rejection rate. The addition of total nodal irradiation or post-
transplant methotrexate or cyclosporin have been unsuccessful.

b. Reducing the severity of T depletion — a T cell dose of <10/kg is all
that is needed to suppress GvHD.
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c. treatment of the recipient with monoclonal ‘cocktails’, as used in the
CAMPLUS regimen for MUDs. (The marrow is lymphocyte depleted
with Campath-1, while the recipient is treated with anti-CD3, CD2 and
CD7, human completed fixing monoclonal antibodies.)

Tumour cell depletion of bone marrow autografts

There is no satisfactory evidence that depleting bone marrow autografts of
tumour cells prolongs survival of patients with either leukemia or lymphoma.
The main obstacle to obtaining such evidence is the very high relapse rate
owing to the inadequacy of the conditioning regimens, such that a random-
ized controlled trial with 500 patients in each area would be necessary to
prove the efficacy of purging. Furthermore, only between 1 and 4% of the
patients’s bone marrow is returned to him, and this hugely diluted specimen
may contain no tumour. Finally, small numbers of transplanted tumour cells
may be unable to grow in the patient. These three objections to purging auto-
grafts may be valid but an objective study is necessary to determine whether
this 1s so.

Since it is not known-how many tumour cells are safe to return to the
patient and since in various animal models very few cells are necessary to
passage the tumour, the objective of marrow purging in ABMT is to remove
as many tumour cells as possible. It is extremely difficult to determine how
successful a purging technique has been. Histological techniques may detect
a 5% marrow infiltration, and flow cytometry perhaps 3%. Gene rearrange-
ment studies have at best a 1% sensitivity although a new generation of gene
multipliers might increase this considerably. Theoretically, immunofluor-
escence or immunoperoxidase is infinitely sensitive, if a slide is scanned for
long enough the single contaminating cell will be found. In practice it is diffi-
cult to detect less than a 1 in 1000 contamination.

A different approach is to assay clonogenic tumour cells, bone marrow
being grown in semi-solid media in conditions that encourage the growth of
tumour cells rather than normal progenitors. Such tumour cell colonies may
not represent the true engraftable tumour cells and thus results of these assays
must be treated with circumspection.

While there is still doubt about the amount of depletion necessary to pre-
vent the reseeding of tumour, most centres have elected to maximally deplete
the marrow. For T-lymphocytes cocktails of antibodies which include anti-
CD2, CD3 and CD7 and for B-lymphocyte cocktails which include anti-
CD19, CD20 and possibly CD37 have been preferred. Our own experience
has been with Campath-1, a rat monoclonal which fixes human complement
and is cytolytic for virtually all T and B lymphocytes (Table 2). Most mono-
clonals do not activate human complement, and baby rabbit complement
must be used. Moreover, the other marrow cells are anticomplementary, and
results obtained on isolated tumour cells cannot be extrapolated to a mixture
of cells in bone marrow, even when a mononuclear cell extract is obtained.
A theoretical risk is that tumour cells in Go may not be killed, but having
their surfaces tickled with antibodies may be enough to make them leave the
safety of Go and proliferate [8].
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Table 2. Killing of B-cell lymphoma cells with
CAMPATH-1 and -2 rounds of human complement.

Total 99% kill 99.9% kill

Node based lymphomas* 48 43 35
Hairy cell leukemia 4 1 1

* Centroblastic/centrocytic, diffuse centroblastic, diffuse
centrocytic, diffuse lymphocytic, diffuse plasmacytic and
diffuse lymphoplasmacytic.

For these reasons there is probably mileage in applying antibody-toxin
combinations or antibody-drug combinations to the purging of autografts.
Again, the technology here is not perfect. Antibody-whole ricin molecules ha-
ve about 2 logs of selectivity of targets over stem cells, and while antibody-
ricin A-chain has 5 or 6 logs of selectivity, it is nothing like so efficient and
killing tumour cells. What is needed is an entry molecule which will take the
lethal ricin molecule from the surface to the ribosome.

Another approach to purging autografts is to look to the preferential ex-
pansion of the normal clones. Two methods have shown promise. Dexter and
his group at Manchester have grown bone marrow in long-term culture [9].
Leukemic clones tend to die out under such conditions, and the end-stage cul-
tures are then transplantable. This i1s a labour intensive approach making
great demands on laboratory sterility. Fungal contamination is an ever present
risk.

Our approach [10] has been similar to that of workers in Heidelberg,
Bordeaux, Adelaide and Paris. It makes use of the fact that even heavily con-
taminated marrows respond to semi-ablative chemotherapy by sending a
shower of marrow stem cells into the peripheral blood during the recovery
phase. Such cells appear to have been biologically purged and do not contain
tumour cells. They may be efficiently administered using a cell separator over
5 days.

Furthermore, they have an advantage in depopulating bone marrow [8].
Because they are also associated with a surge of more differentiated granulo-
cyte progenitors, recovery from neutropenia is considerably hastened.

Developments in this area will include use of the recombinant growth fac-
tors FM-CSF and G-CSF, but reports on their use will have to await another
meeting.

Finally looking to the future we should try to imagine ways to add a Graft-
versus-Leukemia effect to bone marrow autografts. Our preliminary experi-
ments have suggested that this may be possible with recombinant
interleuking-2, either alone or with LAK cells. But this too must await another
day.
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HEMATOPOIETIC HORMONES IN TRANSFUSION
MEDICINE

WG. Ho

The regulation of blood cell production is a complex process of proliferation
and differentiation of progenitor cells of the bone marrow in response to
glycoprotein hormones termed colony stimulating factors (CSFs). The devel-
opment of in vitro culture systems of bone marrow cells in semisolid media
[1,2] led to the establishment of appropriate cell culture systems for the study
of the clonal growth of hematopoietic cells. CSF research in this field has
recently been intensified for reasons beyond mere scientific interest. Dysfunc-
tion of the hematopoietic system results in diseases that are major medical
problems. The possibility that CSFs could function as regulators of blood cell
production suggest distinct therapeutic approaches to these disorders thereby
adding impetus to research.

A family of CSFs has been defined and biochemically characterized as a
result of murine and human studies. There appear to be four major types of
CSFs (Table 1). Two of these are relatively lineage specific; colonies grown in
the presence of granulocyte-CSF (G-CSF) consist mainly of neutrophilic
granulocytes [3] and their precursors while macrophage CSF (M-CSF)
appears to stimulate chiefly the growth of macrophage colonies [4]. On the
other hand, colonies grown in the presence of interleukin-3 (IL-3, also known
as multi-CSF) contain many cell lineages [5] and colonies grown in the pres-
ence of granulocyte macrophage CSF (GM-CSF) consist of neutro-

Table 1. Human colony-stimulating factors.

Other names  Molecular weight Deduced Cell production
of glycoprotein molecular weight
of protein
GM-CSF CFS- 22,000 14,300 Neturophils,
monocyetes,
esinophils
G-CSF CSF- 19,600 18,800 Neutrophils
M-CSF  CSF1l, 70-90,000 (dimer) 26,00 Monotyest
Urinary CSF
IL-3 Multi-CSF 20,000 14,600 Neutrophils,
monocytes,
eosinophils,

platelets
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phils, macrophages and eosinophils [6]. However, these are not the only
hematopoietic growth factors. Erythropoietin is a growth factor whose role in
regulating red cell production iz vive has clearly been established [7]. In addi-
tion, interleuking-2 (IL-2) is a growth factor for T and B lymphocytes with
important regulatory influence on lymphocyte function [8]. Other regulatory
factors with as yet poorly defined functions include hematopoietin, which is
believed to induce stem cells to become responsive to other CSFs [9] in a
manner similar to the effects of interleukin-1 (IL-1) and interleukin-4 (IL-4)
which stimulates the growth of mast cells [11] and probably interacts with
other factors in the proliferation of myeloid progenitors.

Erythropoietin and its therapeutic applications

The first hint of external influences on the regulation of erythropoiesis was
suggested by Jourdanet in 1863, who observed the presence of erythrocytosis
in patients living at high attitudes [12]. Over the next century following this
observation, debate raged in the scientific community over the existence of
the humoral substance that regulated the production of red blood cells. The
issue was almost considered settled in 1950 when Reissman demonstrated in
paired parabiotic rats, that when one partner was subjected to hypoxia, the
other partner showed evidence of increased erythropoises [13]. However,
definitive evidence of the existence of a humoral factor was not established
until 1954, when Erslev demonstrated the stimulation of erythropoiesis in
normal rabbits with plasma from anemic animals [7]. The existence of
erythropoietin was finally accepted and subsequently became widely studied,
but it was not until 1977 that erythropoietin was purified from urine [14]. The
genomic and cDNA molecular clones encoding the erythropoietin were later
defined [15], thereby leading to the production of recombinant human ery-
thropoietin in quantities sufficient to allow clinical studies to be conducted.

Initial studies with erythropoietin have been carried out in end stage renal
disease patients on chronic dialysis [16,17]. While hemodialysis corrects many
of the metabolic disturbances of renal failure it has no influence on the
anemia, hence, the rationale for use of erythropoietin in these patients.
Results of these studies clearly indicate evidence of stimulation of red cell pro-
duction following administration of erythropoietin. Increase in hemoglobin
and hematocrit levels result in marked improvement in wellbeing, in addition
to discontinuation of the need for red cell transfusions in previously
transfusion-dependent patients. Erythropoietin was found to be non-toxic
except for complications possibly related to the high hematocrit. These
encouraging results indicate that erythropoietin may have wide application as
a therapeutic agent.

Some of the potential uses of erythropoietin are indicated in Table 2.
Erythropoietin has already been shown to be of definite benefit in amelior-
ating the anemia of chronic renal failure. A much wider application can be
envisoned with regard to surgical patients. Autologous blood storage in
preparation for elective surgery has become common practice [18]. Admi-
nistration of erythropoietin to individuals preparing for surgery may allow
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Table 2. Potential uses of erythropoietin.

1. Chronic dialysis patients

2. Autologous transfusion

3. Stimulate blood production for surgery

4. Ameliorate anemia associated with chemotherapy in cancer patients
5. Increase erythropoiesis to facilitate bone marrow transplantation

6. ? Treat anemia with chronic disease

7. ? Increase hemoglobin F production in sickle cell anemia

8. ? Increase performance at high altitude of runners, etc.

9. ? Produce red cells in culture

many more units of blood to be collected for use during the surgery. In addi-
tion, use of erythropoietin during surgery and in the post operative period
may markedly decrease the need for transfusions. This latter approach may
have important applications in the event of emergency surgery. Erythropoi-
etin may ameliorate the anemia associated with chemotherapy in cancer
patients, as well as enhance the ionizing effects of radiation in those patients
undergoing therapeutic irradiation. Erythropoietin may also stimulate ery-
thropoiesis in patients whose bone marrow has been sub-letally irradiated as
in the case of nuclear accidents, or even in the case of intentional irradiation
such as bone marrow transplant recipients. Erythropoietin may also be useful
in treating the anemia of chronic diseases, even though the anemia in these
disorders is of multifactorial causes [19,20]. Another potential use of erythro-
poietin may be the prevention of crises in sickle cell anemia by the stimulation
of hemoglobulin F production [21]. Other intriguing uses include the
improvement in physical performance of athletes by increasing the hematocrit
to supernormal levels, and the possibility of producing red blood cells by in
vitro cultures for use in transfusion therapy.

The ability to regulate the hematocrit with erythropoietin would have far-
reaching implications on blood banking It would decrease the need for trans-
fusions in general and thereby also reduce the incidence of all complications
associated with this type of replacement therapy. Instead of dealing with the
collection, storage and administration of “safe” blood, the transfusion medi-
cine specialist would be faced with maintaining the hematocrit of patients by
titrating the dose of erythropoietin administered. This form of therapy would
open new areas of research in determining the ideal hematocrit in man.

Colony-stimulating factors and their applications

While erythropoietin and its effect on erythropoietin had been known for
many years, the regulation of granylopoiesis and megakaryopoiesis was poor-
ly understood. The spleen colony method of assaying for mouse pluripotent
hematopoietic stem cells [22] did not allow manipulation of the milieu to
properly study the factors necessary for growth of colonies. The development
of semisolid culture systems for the in vitro growth of mouse hematopoietic
stem cells [1,2] greatly facilitated research in this field. Ultimately, similar
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systems were developed for growing human bone marrow cells in culture
thereby resulting in the identification of the four major types of CSFs and
their subsequent gene sequence and cloning.

GM-CSF was the first human CSF to be cloned. The recombinant GM-
CSF stimulates the production of neutrophils, monocytes and eosinophils in
vitro. Clinical trials of the therapeutic administration of GM-CSF are current-
ly in progress. Initial reports indicate that constant infusion of GM-CSF
results in a dose-dependent increase in circulating levels of neutrophils,
monocytes and eosinophils in patients with AIDS [23]. The infusions are well
tolerated with only occasional reports of fever and chills. These early results
indicate that GM-CSF can be used therapeutically as a regulator of granulo-
cyte and monocyte production.

G-CSF has been purified from tumour cell lines. This G-CSF causes an
increase in bone marrow and splenic production of neutrophils in mice [24];
in subhuman primates injection of G-CSF stimulates neutrophil production
without apparent effect on other cell lineages [25]. Initial studies in patients
undergoing chemotherapy for bladder cancer indicate that G-CSF is well
tolerated and does stimulate granulopoiesis in patients with bone marrow
suppression induced by chemotherapy [26].

M-CSF has so far been the only CSF demonstrated to circulate in the
plasma and be excreted in the urine. It appears that M-CSF may stimulate
phagocytic replication and activity [27]. Only very limited clinical trials have
been conducted and no definite conclusions regarding its effects have been
reached.

IL-3 stimulates the growth of multipotent stem cells including the forma-
tion of colonies of granulocytes, monocytes, eosinophils, erythroid cells and
megakaryocytes. Initial studies indicate that IL-3 stimulates granulocyte and
monocyte production in primates. It appears to be highly synergistic when
administered together with GM-CSF.

In addition to the stimulation of production of hematopoietic cells, all the
CSFs have prominent effects on the function of mature effector cells [28,29].
GM-CSF and G-CSF enhance the ability of neutrophils to phagocytose and
kill organisms, while M-CSF induces similar effects on the mononuclear
phagocyte. IL-3 appears to have the same effects on macrophages as well as
eosinophils. Thus, CSFs play an important role in regulating the production
of effector cells as well as their activity, thereby enhancing the host defense
system in different ways.

The therapeutic implications of administration of CSFs (Table 3) suggest
new approaches to infection control in addition to antimicrobial therapy. The
numbers and function of host defense cells may be enhanced in deficient
patients thereby preventing infection as well as lessening the mortality and
morbidity associated with infections in these patients. Other clinical applica-
tions may be in the field of cancer therapy with amelioration of the granulo-
cytopenia frequently produced by the myelosuppressive effects of therapy.
The possibility exists of improving quality of life and prolongation of survival
in AIDS patients by increasing the numbers and activity of host defense cells
with CSF administration. High white counts may be useful in preventing
infections in other compromized patients and may be of extreme importance
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Table 3. Potential therapeutic applications of CSF.

Prevent/mitigate chemotherapy and radiation-induced leukopenia
Induce anti-tumor activity in vive (direct cytotoxicity and ADCC)
Improve host defense in immunocompromized patients

Treat infectious and parasitic diseases

Treat burn patients

Facilitate recovery from autologous and allogeneic transplantation
Treat marrow failure states

Improve granulocyte procurement

Increase platelet counts in thrombocytopenia

Facilitate in vitro culture of bone marrow cells to produce mature
cells for transfusion

COPXND TR W
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in the management of burn patients, in the prevention of infections in surgical
procedures and in the treatment of established infections including osteo-
myelitis, pneumonias and sepsis. While the granulocyte specific hormones
will be of most benefit in pyogenic infections, those CSFs interacting with
mononuclear phagocytes may be of great importance in the management of
parasitic infections.

It is expected that CSFs will improve hematopoiesis in bone marrow failure
states such as aplastic anemia. Also, in bone marrow transplantation, CSF
may decrease the period to engraft resulting in reduced incidences of infec-
tions in these patients

The generation and direction of effector cells in cancer therapy may be-
come more refined. Currently, trials of lymphocyte activated killer (LAK)
cells show promise in this direction [30]. The action of LAK cells or other
effector cells on the tumour destruction and removal may be further enhanced
by priming the host defense system with CSF. IL-3 is an effective megakaryo-
cyte GSF in vitro and its use in combination with the thrombopoietins may
lead to stimulation of platelet production, thereby decreasing the need for
platelet transfusions.

Increased availability of the various hematopoietins, as well as better
understanding of their modes of action and further developments in the tech-
nology of bone marrow culture, may eventually permit the generation of
blood cells in vitro. The blood bank of the future may actually become a blood
factory whose function would be to produce all the cellular elements of blood
in quantities sufficient to meet the needs of clinical application.
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DISCUSSION

L.R. Overby, J. van der Meer

J- Growe (Vancouver): Dr High, you mentioned that the recombinant Factor
VIII material is not identical to the native Factor VIII, it has got several of
the active sites only. What I am curious about is whether there is any evi-
dence, perhaps in the animal models studied so far, as to whether there is any
kind of immunologic response inhibitor production and whether you have
been following the several human patients to see if there is any change. May-
be you could also add on your comments whether the Factor VIII assays that
you are doing on the patients, are assays by traditional methods, or whether
there is any manipulation of these assay system for the recombinant material
needed?

K. High (Chapel Hill): Well, let me say first that the object of the protein study
was to show that actually the recombinant and the plasma derived Factor VIII
are very similar in terms of in vitro characterization by gel electropheresis.
There has been no evidence of any inhibitor formation in either animal
studies or patients who have been treated so far. That was one of the greatest
worries with the product, because the glycosylation patterns are not abso-
lutely identical between the native and the recombinant Factor VIII we are
using. So, one of the greatest concerns was that there might be inhibitor
formation, but that has not happened. The Factor VIII activity levels that I
showed you in the follow-up studies are done in our clinical coagulation lab-
oratory using standard substrate deficient plasmas and APTT assays. There
is no problem in using those same assays with the recombinant Factor VIII.

J-D. Lutton (Valhalla): Dr Ho, your results with the erythropoietin are very
exciting and I am sure very significant to clinical medicine. I am curious to
know if you have had a chance to try administration in various patients
undergoing hemodialysis. Is there any difference in the response to your-ery-
thropoietin titres?

W.G. Ho (Los Angeles): The answer to that question is that there are now
ongoing studies being conducted and no results have been reported so far.
These studies are in progress in a number of institutions; for instance at
UCLA and others throughout the United States.

E. Briét (Leiden): 1 would like to make a comment to Dr Schreiber. I am an
ultraconservative hemophilia treater. We have been using cryoprecipitate only
since the 60’s and because of that only 5 out of the 80 patients have converted
for the HIV virus. We do not have the impression that the seronegative
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patients have more infections or are more prone to common colds. To the
contrary they seem to have less common colds than their unaffected siblings.
I think that the arguments for the immunosuppressive effect of the proteins
other than Factor VIII or IX in the concentrates are weak. The numbers are
small and the data are not controlled. Jean Pierre Allain recently presented
the data of a well carried out and well designed study showing that the effect
was in fact the other way round, the impurer the product the better the
immunology of the patient.* I feel that it is the way to go to produce pure
Factor VIII concentrates. Why should we substitute more than the missing
protein. I believe, however, that the immunosuppressive effect of the other
proteins should not be an argument in the discussion.

A.B. Schreiber (King of Prussia): I am aware of the study by Dr Allain and do
not fully understand why you feel that the rest of the data is pretty weak. I am
further happy that you still feel that one should not infuse patients with
99.8% of irrelevant alloantigenic proteins. The immunosuppressive effects
are similar to immunomodulators. When there are as many papers in the lit-
erature showing that it is immunosuppressive or immunostimulating, then
there must be some people that have a different perception than you. The
point I was trying to make was mainly for the population of seropositives. You
in The Netherlands and some other countries have been more fortunate with
your blood supply and the control thereof than we have been in the United
States. There is clear data that there are many stimuli that promote the
transition of HIV from a latency to active state.** The point I was trying to
make is that the less attack or the less things you would infuse that could in-
duce that activation, probably is the most logical. One does not need to be
purily scientific about this, I mean if I had the choice if I were a seropositive
hemophiliac or my son was, I would not hesitate to chose a product that is
pure.

E. Briét: The study of Allain was also in HIV-positive patients, was well con-
trolled and did not show the data that you find in an uncontrolled way. So,
that does not count. But on the other hand I fully agree that we should go
for pure products.

G. Zettlmeifl: Dr High, can you give some comments on the expression, yields
of these recombinant cells, and the yields of purification by your monoclonal
antibody purification method.

K. High: 1 can not answer your question on expression levels in preparation
because I am not familiar with the expression levels by which the product has
been produced at the company.

* Allain JP et al. Vox Sang 1987;53:37-43.
** Advances in host defense mechanisms. Gallin JI, Fauci AS (eds). Vol. 5. Acquired
Immunodeficiency Syndrome. Raven Press, New York 1985.
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H.V. Beer (Miinchen): Dr Schreiber, you mentioned and I found that very inter-
esting, 20% of the normal population have antibodies to mouse protein.
What is this information based on. If this is a fact, would not you expect prob-
lems with hemophiliacs with preformed mouse antibodies when they receive
mouse antigen via the Factor VIII?

A.B Schretber: The data on the 20% is our own data because we wanted to
accumulate a large number of healthy volunteers to have a control group to
validate the assay we utilized to measure the human anti-mouse antibodies.
Also some data are from Ron Levy at Stanford. These antibodies are binding
or recognizing epitopes with good affinity to mouse immunoglobulin epitopes.
They are not part of a true immune response, so that you do not get an
anamnestic response if you were to stimulate them with mouse Ig. They are
the same kind of antibodies you find when you develop any diagnostic test.
When you are making lots of diagnostic tests, you usually run a control group
of a large number of volunteers and you determine what your background
level is and then you blank that out. We do not have any positive standards
and we do not know what is a normal value. We could have blanked out those
20%, as I do not think that these are true antibodies. These are cross-reactive
antibodies, interference type antibodies that you have in the development of
any assay for instance in analytical chemistry of new synthetic molecules that
were made in the laboratory and therefore people never have been exposed
to. It is the same story as when people start infusing dinitrophenyl or para-
azobenzarsenate and so on.

HV, Beer: Thank you. You mentioned three single point ALT elevations in
three patients. Are these related to one lot or related to different lots?

A.B. Schretber: That is an important point. It is why we designed to give indi-
vidual lots. No they were in three different lots. These lots were also utilized
in other patients. Therefore, it made us feel comfortable that the two or one
other patient that had received multiple infusions of that same lot did not
have any ALT elevation. The only association in the clinic that we observed
and do not understand, is that those three single point elevations that did not
exceed the two times the normal level, as usually defined as a parameter of
NANB hepatitis, were associated with buccal hemorrhages in the patients.
They had all used just a few days before that measurement tranexamic acid.
Whether the hemorrhage by itself or some unknown effect of tranexamic acid
gives an elevation of the ALI"s is not clear, but that is the only thing that we
found as an association.

S. Moeslichan (Jakarta Selatan): Dr Hamblin, you mentioned that monoclonal
antibodies for T-cell depletion will cause increase of rejection. Is it due to dis-
appearance of T-cells or a complex of monoclonal antibodies and T-cells.
Could you advise about the use of monoclonal antibodies for T-depletion in
non malignant bone marrow transplantation?
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T.]. Hamblin: The effect of T-cell depletion is to increase the rejection rate and
if you deplete an apalstic anemia or a thalassemia graft in which you use less
immunosuppression in the patient, you very greatly increase the rejection
rates. Therefore T-cell depletion is not appropriate in thalassemia or aplastic
anemia allografts. The one piece of evidence that cyclosporin is good for pre-
vention of Graft-versus-Host disease is in such patients. So, you do not need
to do T-cell depletion. Cyclosporin is good enough suppression of GVHD in
such patients.

J- Over (Amsterdam): Dr. High, looking at your data, do I understand correctly
that you suggested that the T} of the recombinant Factor VIII is longer than
that of plasma derived Factor VIII? I think that the pair of the lines were
essentially parallel and I could not see any difference in T¥%. I also would
further suggest to extend the evaluation time from 12 hours to, for instance,
48 hours after transfusion, because the first phase of disappearance may influ-
ence the analysis of the T' when a relatively short post-infusion period is
considered.

K. High: There is not very much difference in the half life. It does appear to
be slightly longer at least in one of the patients. But with the limited amount
of patients in whom it has been examined I do not know whether that has
any importance. In the second patient we did extend observation to 24 hours.

J. Over: Has it not been established repeatedly in the same patient?
K. High: No, that has only been done once in each of those patients.

CV. Prowse: Dr Schreiber, you mentioned that you are useing a heat-
treatment step now. Could you tell us how severe that is? You also mentioned
you had set up an anti-idiotype assay. Did that yield any useful data?

A.B. Schreiber: The heat-treatment for the product that was currently approved
is dry heat-treatment at 60°C 30 hours. We are working on other forms of
heat inactivation. It is important to know that 60°C 30 hours for a purified
product yields actually about two logs better viral inactivation than on impure
products. Probably the virus is protected by the higher protein concentration.
On the second question the purposes of the anti-idiotype assay was exactly to
distinguish between natural antibodies and a true induced immune response
against the idiotopes of the monoclonal used on the column. The answer is,
no we have not found any positive results.

L.R. Overby: Dr Briét, thank you for your elegant presentation on the use of
RFLP’s for genetic counselling. I think we are all looking forward to having
those techniques become widely available in many of the laboratories around
the world. Thank you very much.

To speak for myself and the entire audience, I am sure I represent you in
thanking the organisers of this conference, Dr Smit Sibinga and the staff of
the Groningen Blood Centre who have taken care not only of organizing the
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programme, but taken care of all our personal needs. Again thank you very
much and for me personally I simply must tell you what a pleasant experience
this has been for me.
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