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Preface

Over the past 5 years, clinical immunology, as a whole, has advanced more
rapidly than over the past 20 years. Many of these advances have been que to
monoclonal antibody technology with its ability to identify antigens on
tumour cells with a precision never before available. Monoclonal antibodies
have the ability to identify subsets of human T-Iymphocytes and aid in
diagnosis of both immunodeficiency disorders such as AIDS, or autoimmune
diseases, and they can be adapted as drug targeting agents. Additionally,
however, major advances have been made in identifying immunomodulating
agents, and the last year has seen two such agents, IL-2 and OKT3, made
available commercially for such intervention. Furthermore, another immuno
modulating technique, bone marrow transplantation, ha~ now been
established as a curative modality in leukaemia treatment.

A central issue in tumour immunology is whether human tumours express
antigens which can be termed tumour-specific. This has important
implications for both tumour immunity as well as drug targeting. This issue is
considered in detail by R. A. Robins in the introductory chapter in which the
expression of antigens in human tumours is compared with that in
experimentally induced animal tumours. This controversial issue is also
considered in later chapters by Bast in breast carcinoma, Riimke and de Vries
in melanoma, V{mky in lung cancer, Armitage in colorectal cancer, and
Paulie and Perlmann in bladder carcinoma. The current consensus is that
such antigens do not exist, in that all 'neoantigens' on these tumours are
shared to some extent with normal tissues.

Another theme of these chapters has been the extent to which the immune
response can be manipulated to induce tumour rejection. This issue is first
addressed in the initial chapter in which a description of the various types of
effector cell mechanisms is given and forms a central theme in many of the
clinical chapters, being described in detail in lung cancer and melanoma along
with description of the graft vs. leukaemia effect seen in bone marrow
transplantation in leukaemia.

Despite the limitations in generating specifically sensitized lymphocytes in
human cancer, the use of activated killer cells (LAK cells) generated by
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IMMUNOLOGYOF MALIGNANTDISEASES

lymphocyte activation with the lymphokine interleukin-2 is being explored.
This approach has been actively promoted by Rosenberg and this is reflected
in the reviews of LAK cells in terms of immunomodulating agents by Vose
and by their use in the treatment of malignant melanoma, and colorectal
cancer. This approach emphasizes the current interest in developing immuno
modulating agents for cancer treatment (Vose) and these approaches are
considered with respect to malignant melanoma, breast cancer and colorectal
cancer.

Some of the most exciting advances in clinical immunology have been the
development of drug targeting by monoclonal antibodies, and/ or bone
marrow transplantation in the treatment of leukaemia. Immunoscintifiraphy
is developing into an established diagnostic modality in which either lin or
1311 is coupled to antibody and successfully targeted to tumours for imaging.
To date this has been used for diagnosis with a number of tumours and at
least one such product is commercially available in the UK for use in colon
cancer. Therapeutic applications are still under development, but several
groups are currently moving into phase I trials in drug targeting with ricin
A-chain, methotrexate, or vindesine linked to antibodies. These develop
ments are discussed in the chapter on immunoscintigraphy by Pimm, and that
on drug targeting by Baldwin and Byers. As exciting is the growing
importance of bone marrow transplantation in leukaemia. This modality has
long been established as standard therapy in aplastic anaemia and SCIDS,
but the last 5 years have seen its firm establishment as curative therapy in
leukaemia. This is discussed in the chapter by Byers, along with new
techniques to deal with its principal complication, graft vs. host disease.

The most frightening disease of the last decade has certainly been AIDS,
with its 100% mortality and the possibility of its spread to the heterosexual
population. Although no therapy is yet in sight, important advances have
been made as to controlling its spread by understanding its mechanism of
transmission, identifying infected individuals, and developing screening
techniques to make the nation's blood banks safe. These advances are
discussed in the chapter by Chachoua et 01. which provides a state-of-the-art
view of this devastating disease.

V. S. Byers
R. W. Baldwin

viii



Series Editor's Note

The modern clinician is expected to be the fount of all wisdom concerning
conventional diagnosis and management relevant to his sphere of practice. In
addition, he or she has the daunting task of comprehending and keeping pace
with advances in basic science relevant to the pathogenesis ofdisease and ways
in which these processes can be regulated or prevented. Immunology has grown
from the era of anti-toxins and serum sickness to a state where the study of
many diverse cells and molecules has become integrated into a coherent
scientific discipline with major implications for many common and crippling
diseases prevalent throughout the world.

Many of today's practitioners received little or no specific training in
immunology and what was taught is very likely to have been overtaken by
subsequent developments. This series of titles on IMMUNOLOGY AND
MEDICINE is designed to rectify this deficiency in the form of distilled
packages of information which the busy clinician, pathologist or other health
care professional will be able to open and enjoy.

Professor W. G. Reeves, FRCP. FRCPath
Department ofImmunology

University Hospital, Queen s Medical Centre
Nottingham
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1
Basic Tumour Immunology
R.A. ROBINS

INTRODUCTION

Although immunity has been shown to control the growth of a variety of
experimental tumours, the question of whether the immune response
participates in the relationship between tumour and host in human cancer
remains controversial. The rejection of experimental tumours occurs as a
result of immunological recognition of determinants that are present on the
tumour cells, but not on normal tissues. A brief overview of the types of these
neoantigens that are expressed following malignant transformation in
experimental animal tumours will be given: this will then form the basis for
consideration of the evidence for antigens which are capable of giving rise tb
autologous immunological recognition in human tumours. The possible role
of oncogene activation in the development of human tumours will also be
considered, paying particular attention to induced changes that may result in
immunological recognition.

The nature of immune responses to tumours will then be considered,
attempting to define the role of the various types of thymus-derived (T) cells,
their possible interaction with other effector cell types such as natural killer
(NK) cells and macrophages, as well as the possible contribution of antigen
specific and non-specific humoral factors such as antibodies, lymphotoxins,
and interferons. An important aspect of tumout immune responses is the
escape of tumour from immunological control; various mechanisms by which
this can occur will be discussed.

ANTIGENS OF EXPERIMENTAL TUMOURS

The field of experimental tumour immunology has gone through several
cycles of high optimism followed by disillusion. Early experiments to
investigate the possibility that immunization with tumour cells might give rise
to tumour immunity were conducted before the establishment of inbred
strains of experimental animals. Rejection of tumours observed was due to

1



IMMUNOLOGYOFMALIGNANTDISEASES

histocompatibility differences between the tumour donor and transplant
recipient, rather than antigenicity of the tumour per se.

The initial high hopes that tumours give rise to a strong immune response
were then replaced by a conviction that tumours did not have antigens giving
rise to rejection responses, and that any rejection that was observed was due
to residual genetic heterogeneity in the inbred animals used for experiment.
Studies by Foleyl, Baldwin2

, and Prehn and Main3
, produced good evidence

for tumour-specific transplantation antigens on chemically induced mouse
and rat tumours, but it was not until the experiments of Klein and co
workers4 that the existence of these antigens was fully accepted. These
experiments involved the demonstration that a mouse in which a tumour was
induced was able to reject viable cells of its own tumour when challenged after
surgical removal of the primary tumour mass. In this case, there is no
possibility of incompatibility between the mouse and its autochthonous
tumour4

•

Developments of transplantation techniques to demonstrate tumour
immunity and subsequently in vitro methods to detect cellular and antibody
responses to tumours have led to the definition of a range of types of tumour
antigen in different types of experimental tumour.

Rejection antigens

Chemically induced tumours

The most notable characteristic of rejection antigens on chemically induced
tumours is their individual specificity. Thus if two tumours are induced by the
same carcinogen in animals of the same strain, immunization of the group of
recipients with one tumour will confer immunity to that tumour, but is
unlikely to affect the growth of a challenge of viable cells from the second
tumour. A large panel of this type of cross-immunization experiment has
been done with a series of rat 3-methylcholanthrene induced tumours in order
to determine the extent of the repertoire of individual antigens. Cross
reactions in transplantation tests were rarely found, and to extend the range
of cross-testing, serological tests have also been performed. Here again, a high
degree of individual specificity was found, so that in more than 100 tumour
combinations, reproducible cross-reactions were not observed5

•

The nature of these highly polymorphic antigens has not been fully
resolved, partly because of the difficulty in obtaining good serological
reagents6

• The origin of the diversity of these antigens is particularly
intriguing; it has been suggested that they may represent the variable region of
a family of molecular species involved in cellular interactions7

• The basis for
this hypothesis was the finding that antitumour antisera inhibited T-cell
responses whose cellular interactions are restricted by determinants
polymorphic at the immunoglobulin heavy chain complex.

A mechanism by which these antigens might become apparent is that the
clonal expansion resulting from neoplastic transformation might make an
antigen present on very occasional normal cells become well represented on
the cells of the clone, and thus recognizable immunologically. Experiments

2
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designed to investigate this point have involved the treatment in vitro of cells
recently derived from a single untransformed clone with a chemical
carcinogen, then testing resulting individual colonies of transformed cells for
cross-reacting antigens8

. The antigens found were generally not cross
reacting, indicating that it is likely that the antigens arose as a result of
interaction of the carcinogen with the cell, although expansion of a rapidly
diversifying determinant is difficult to rule out.

Although individual antigens are a frequent finding with tumours induced
by a variety of chemical carcinogens (for example, 3-methylcholanthrene on
the skin, azo dyes in the liver), some carcinogen-induced tumours are
generally lacking in rejection antigens detectable by immunization and
challenge with viable tumour. For example, liver tumours induced by acetyl
aminofluorene are frequently non-immunogenic by this criterion9

•

It should also be added that under particular circumstances, cross-reacting
rejection responses can be elicited to methylcholanthrene-induced murine
tumours. Thus Law10 found that additional cross-reacting antigens were
found on some, but not all, tumours adapted to ascitic growth. It is not yet
clear how these antigens relate to the highly polymorphic determinants
discussed above ll.

Tumours induced by physical agents

Tumours induced by ultraviolet irradiation in mice have' been extensively
investigated for rejection antigens, and have proved a particularly interesting
system. This group of tumours are generally very immunogenic, to the extent
that they may not be transplantable in normal syngeneic recipients. The
growth of the tumour is dependent on the immunosuppressive effects of UV
radiation.

The use of in vitro methods has allowed the typing of multiple antigens on
the cells of UV-induced tumours, and in common with chemically induced
tumours, a high degree of diversity in these antigens is observed (for example,
see reference 12).

Virus-induced tumours

Oncogenic DNA viruses elicit consistent immune responses with a specificity
related to the inducing virus. Thus polyoma virus induces a wide variety of
tumours in different tissues, but these are able to cross-immunize. The
oncogenic DNA viruses carry their own transforming gene, which has to be
incorporated into the host genome during transformation, accounting for the
consistent expression of virus related specificities l3

•

The situation is less clear with the RNA viruses, where insertion of only a
small part of the retrovirus genome is required for activation of the adjacent
cellular oncogene (see below). It is possible for the protein coding regions of
the viral genome to be lost whilst the transformed phenotype of the target cell
is maintained: this will clearly allow the possibility of the development of
malignant clones with little immunogenicity attributable to the viral
genome13

•

3
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Spontaneous tumours

Experimental tumours arising without deliberate inducement have been
tested for immunogenicity in a number of laboratories. These tumours
generally have weak or undetectable rejection responses14

, although
occasional examples are moderately immunogenicls .

When immunogenic examples of spontaneous tumours have been found,
the rejection responses have been found to be individually specific, in
common with the chemically induced tumours. The nature of the rejection
antigens present on spontaneous tumours is unknown at present.

Tumour-associated antigens

Oncofetal antigens

In addition to antigens readily giving rise to rejection responses, there are
other types of antigen associated with tumour cells. A major class of antigens
of this type are oncofetal antigens, which are determinants expressed at some
stage in fetal development, but not on normal adult cells.

For some ofthese determinants such as carcinoembryonic antigenl6 (CEA)
or alpha-fetoproteinl7 (AFP), it has not been demonstrated conclusively that
they elicit immune responses in the autologous tumour bearer: they have been
demonstrated using antibodies raised in xenogeneic species. However, in
experimental systems, tumours may express antigens recognized using antisera
or immune cells raised a"ainst syngeneic fetal tissue (reviewed in reference 18)
or teratocarcinoma cells 9.

Although it is possible to show in vitro reactivity with these antisera or
immune cells against a range of syngeneic tumours that is shared with fetal
cells at particular stages of development, it has proved much more difficult to
demonstrate tumour rejection responses associated with these 'embryonic'

. . f I 18 • 20 A bl .antigens In, or examp e, rats or mIce. nota e exceptIOn are tumours
induced by SV40 virus in hamsters, where immunization with irradiated fetal
tissue is protective against tumour challenge21

•

Differentiation antigens

This type of antigen appears on some tissues in the adult but not others, and
may also be expressed as an abnormal product by a tumour cell. Depending
on the distribution and accessibility to the immune system of the
differentiation antigen involved, the antigen as expressed on tumour may be
immunogenic. This category of antigen is most relevant in the diagnostic
context, and xenogenic monoclonal antibodies to this type of determinant on
human tumours are becoming increasingly useful (see below).

HUMAN TUMOUR ANTIGENS

It is clear that human tumours express oncofetal and differentiation antigens.

4
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CEA and AFP have already been mentioned in the former category, and
these determinants have proved useful for monitoring tumours expressing
these antigens. A good example of the latter category is the epithelial
membrane antigen found on breast cancer cells. Monoclonal antibodies to
particular determinants of this antigen may be useful in determining the
prognosis of breast cancer22

•

A much more vexed question is whether human tumours express antigens
which are immunogenic in the patient, and following on from this, are any
immune responses that may be induced capable of causing tumour rejection?

In vivo and ex vivo evidence

As outlined above, tumour rejection antigens on experimental animal
tumours have been demonstrated by showing that immunization, for example
by injection with attenuated tumour, suppresses the growth of a viable
tumour cell inoculum. This approach is obviously not feasible in human
cancer, although very occasional well documented spontaneous regressions of
tumours have been taken as evidence of effective immune responses.
However, particular tumour types predominate in these cases (melanoma,
hypernephroma, choriocarcinoma and neuroblastoma), and although
regression is accompanied by intense lymphocytic infiltration in some cases,
non-immunological mechanisms may be operative in others. For example,
induction of differentiation is known to occur in neuroblastoma.

Lymphocyte reactivity at the site of tumours has also been taken as
evidence of an antitumour host response and this information has been
gained from histopathological investigations on lymph nodes draining
tumours, and mononuclear cell infiltration into tumours themselves. It is well
established that mononuclear cell infiltration is a frequent occUrrence in a
variety of types of human cancer although in many cases the prognostic signi
ficance of such infiltration is controversial (for example, in breast cancer23

):

histological evidence of reactivity of lymph nodes draining breast tumours has
been shown to carry a good prognosis24

•

In vitro evidence

The orginal evidence cited as identifying cell-mediated responses to human
tumour associated antigens was derived primarily from studies showing that
peripheral blood lymphocytes from tumour patients were cytotoxic when
tested against cultured tumour cells from the lymphocyte donor, or patients
with tumours of the same histological type2

• This 'histological type'
specificity was not observed in subsequent studies, and it was recognized that
natural killer (NK) cells were an important contributor to the cytotoxic
effects observed in these experiments.

Other tests for detecing T-Iymphocyte responses to human tumours have
been introduced, includinfl leukocyte migration inhibition and leukocyte
adherence inhibition tests2

• These tests have been beset by many problems of
standardization and interpretation, so, for example, whilst the leukocyte
migration inhibition assay has provided some evidence for reactivity to

5
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autologous and 'histological type' specific tumour-associated antigens, little
progress has so far been made in the identification of these antigens, and the
test is not considered to be useful for routine clinical investigation27

•

More recently, the reactivity of blood lymphocytes, or in some case tumour
infiltrating lymphocres, with freshly derived autologous tumour cells has
been investigated28

,2 (see Chapter 7). This approach has the advantage of
avoiding loss of tumour-associated antigens or acquisition of spurious
antigens during prolonged target cell culture. The use of autologous
combinations avoids problems of MHC antigen restriction which might limit
the detection of reactions in allogeneic tests, and of course avoids reactions to
alloantigens.

The T-cell responses investigated include short-term cytotoxicity (ALC,
autologous lymphocyte cytotoxicity) and proliferative response measured by
eH]thymidine incorporation (ATS, autologous tumour stimulation). The
relationship between these responses and the clinical course of disease has
been investigated in lung carcinomi8 and sarcomi9

• .

Although these results suggest that recognition of tumour-associated
antigens may be operative, it has also been shown that at least proliferative
responses can be stimulated by autologous normal tissue, as well as by
autologous tumour30

• More detailed definition of the specificities involved
may follow from investigations using T-cell lines and clones established from
cancer patients3l

•

Oncogene activation and human tumour antigens

The demonstration that specific cellular genes (oncogenes) are involved in the
process of transformation to malignancy has become a very exciting aspect of
our developing knowledge concerning the basic biology of cancer. A detailed
discussion of the role of oncogenes in malignant transformation is not
appropriate here: for a review see, for example, Cooper and Lane32

• The point
to be considered is by what mechanisms oncogene activation could result in
neoantigen expression, allowing the transformed cell either to induce immune
response which might result in its rejection, or at least provide a potential
tumour-specific determinant that could be the point of attack for, for
example, monoclonal antibody-directed therapy.

As indicated in the section on antigens on virus-induced tumours,
transformation associated with DNA viruses is accompanied by viral antigen
expression, because these viruses carry their own transforming genes. This
means that these tumours are strongly antigenic, and only develop if the
immune response is severely compromised. An example is the association of
the Epstein-Barr virus with Burkitt's lymphoma, where chronic malaria may
be the cause of immunosuppression13

.

Cellular oncogenes may also be activated by RNA virus promoter or
enhancer insertion. These regulatory inserts do not code for a virus-related
protein, but affect only the expression of cellular genes. It is therefore possible
for oncogene activation to occur without virus antigen expression. Viral
genome coding for viral proteins may also be inserted and expressed, and is
thus a potential source of antigen recognizable by the host immune system.

6
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However, as these additional genes are not required for oncogene activation,
they will be an unreliable source of transformation-associated antigens.

Activation of cellular oncogenes by non-viral mechanisms is likely to
account for a large proportion of spontaneously arising tumours. As this
process may involve only modification of the expression of existing cellular
genes, the possible sources of transformation-associated antigens in this case
would appear to be limited.

Potential sites of recognition are the slight modifications that are known to
occur in some oncogene products in tumour in comparison with their normal
cell counterpart. Thus mutation at position 12 of the protein (p21) coded for
by rasH oncogene appears to affect transformation strongll2

• It is not known
whether these modified products are sufficiently immunogenic to provide a
target for immunological rejection of tumour.

A further point to be considered is what other changes in addition to
oncogene activation are required for transformation. The most commonly
used system to test for transforming gene sequences is the NIH/ 3T3 cell line,
which on transfection with DNA containing activated oncogene shows
phenotypic changes such as loss of contact inhibition and anchorage
dependence. This cell line is not normal: indeed a recent report showed that
the 'untransformed' line could give rise to tumours and even metastases at low
frequency33. The process of oncogene activation is clearly very important in
changing the behaviour of target cells, but these experiments emphasize that
other changes are also required, and it is possible that some of these may
involve expression of novel genes that could code for targets for
immunological recognition.

The precise functions of oncogene products remain obscure, although
intriguin~ relationships to cell growth factors are emerging (reviewed by
Burgess3). Speculation in this area is limited by our restricted knowledge of
how cellular growth control and differentiation are maintained in normal
tissues. Perturbation of this control could arise at a variety of levels:
modification of the production or activity of a growth factor (mutations such
as those mentioned above may be important here); modification of its
receptor; or disturbance of the interaction between the receptor/factor
complex and other cell components.

The changes that occur during malignant transformation profoundly affect
the behaviour of the cell and its interaction with surrounding normal cells.
But, among the molecular events identified so far, there is no reliable
theoretical source of novel determinants whose expression would be tightly
linked to transformation, and would therefore be an ideal target for
immunological recognition. However, because of the limitations on current
knowledge of these processes, this question remains open.

IMMUNE RESPONSES TO TUMOURS

It has long been held that antibody-mediated effector mechanisms are not of
primary importance in the rejection of 'solid' tumours (carcinomas and
sarcomas), and that cell-mediated immune responses are principally involved.

7
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This was demonstrated in transfer experiments, where non-immune recipients
were injected with serum or lymphocytes from tumour immune donors, and
an inoculum of viable tumour cells. This early work (for reviews see for
example Hellstrom and Hellstrom35, Baldwin and Robins36) has in general
been confirmed by subsequent experience (reviewed by North37, Robins and
Baldwin38), and with the exception of some experimental leukaemias and
lymphomas, the preoccupation of tumour immunologists has been with the
nature and control of cellular responses to tumour-associated antigens.

In spite of these indications that antibodies may not contribute greatly in
rejection responses developing after syngeneic tumour immunization, it is
worthwhile considering antibodies binding to tumour-related determinants,
and their possible usefulness for the control of tumours, especially in the
context of the increasing availability of monoclonal reagents.

Antibody

There are two classic pathways by which antibodies to tumour-associated
antigens could exert antitumour effects: in combination with fc receptor
bearing effector cells in antibody-dependent cellular cytotoxicity (ADCC);
and by fixation of complement. There are now examples of antitumour
effects being obtained using monoclonal antibodies, and this arproach is
being subject to clinical trial in colon carcinoma39 and melanoma4 .

Antitumour effects of monoclonal antibodies to human tumours were first
observed in xenograft systems. Here, immunodeprived mice (congenitally
athymic 'nude' mice, or thymectomized and irradiated mice) are implanted
with human tumour cells, which grow progressively. Treatment of the mice
with monoclonal antibody resulted in very marked reduction in tumour
growth41 . These effects are observed with antibodies ·of the IgG2a an IgG3
subclasses, and appear to be mediated by cellular mechanisms42-44, although
complement may playa role in some systems45. Human effector cells function
with mouse monoclonal antibodies46, and this interaction may also be subject
to modulation by 'Y-interferon47.

Treatment of human tumours in xenograft systems has also been attempted
using 'armed' effector cells44. In this system, pretreatment of effector cells with
monoclonal antibody, followed by their transfer to xenograft bearing 'nude'
mice, proved more effective than treatment with monoclonal antibody
directly.

In addition to these potentially beneficial effects, antibodies generated
during the immune response to tumours might influence the effectiveness of
the immune response in complex ways, and some of these aspects will be
considered below. Negative effects include the blocking of cellular responses;
positive effects might be obtained by the stimulation of anti-idiotypic
responses48.

Cell-mediated immunity

As indicated above, cell-mediated responses are of major importance in the
immune response to tumours. The detail of precisely which cell types are
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involved, and how they interact and are controlled is still not fully
understood. Thus, the relative importance of cytotoxic (CTL) and non
cytotoxic (delayed type hypersensitivity, DTH, inducing) subsets of T-cells is
still controversial, as is the contribution of the less specific effector
mechanisms such as macrophages, NK cells, and cells secreting cytotoxic
factors. The case for each of these cell types will be considered, but it should
be emphasized that many of these mechanisms are not mutually exclusive,
and that multiple effector cell types may be involved in rejection responses,
either simultaneously, or successively as the response develops.

,T-cell responses

In view of the fine specificity of rejection responses to chemically induced
tumours, a highly specific means of target cell destruction suggests itself, the
obvious candidate being the cytotoxic T-cell (CTL). However, with the
development of monoclonal antibodies which were thought to separate T
cells along functional lines into cytotoxic/ suppressor and helper subsets, a
more direct evaluation of the role of CTL became feasible.

Surprisingly, it was found that transfer of tumour immunity could be
achieved with T-cells bearing the monoclonal antibody defined markers of
helper cells in both rat49

,50 and mouse51 tumour systems. This allowed the
possibility that the specificity of the rejection response lay at the level of the
helper cell, with a less specific mechanism controlled by helper cells being
responsible for tumour cell destruction. Similar findings were reported in
MHC incompatible allograft rejection systems, which suggested that T-cells
of the helper subset were sufficient for the induction of rejection in T-cell
depleted recipients52

,53.

More recently, this interpretation has been subject to a number of
complications. These include the relationship between monoclonal antibody
defined phenotype and cell function; the contribution of T-cell deficient
recipients to tumour rejection in transfer experiments; and the variation and
inducibility of antigens on target tissues.

In man as well as rats and mice, T-cell subsets have been conventionally
defined as 'helper/inducer', bearing the OKT4 marker (W3/25 positive in
rats, bearing L3T4 antigen in mice), and 'cytotoxic/ suppressor', OKT8
positive cells (OX8 positive in the rat, Ly2 positive in the mouse). It now
seems clear that these phenotypes relate to the class of major histo
compatibility complex (MHC) antigen restricting a response, rather than
function per se. This was first described in the mouse, with the demonstration
that, for example, helper responses restricted by class I MHC antigens were
Ly2 positive (see Swain54

).

There are strong homologies between these T-cell surface molecules in
different species, and the terminology now commonly used55 is CD4 (for
cluster of differentiation 4) and CD8 for the molecules on T-cells restricted
by class II and class I MHC antigens respectively. It is likely that these
determinants function by recognizing non-polymorphic parts of MHC
antigens during T-cell interactions.

From a practical point of view, this means that it is possible for the 'helper

9
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subset' separated by monoclonal antibody phenotype to function as a
cytotoxic effector cell, albeit requiring class II MHC antigen expression on its
target cell. This may occur after induction by lymphokines such as y
interferon", which could be produced at the site of an antitumour immune
response.

A further problem with T-cell subset separations in the mouse is that the
Ly I antigen has previously been used as a 'helper subset' marker.
Unfortunately, this antigen is present at varying levels on most mouse T-cells,
and under optimal conditions, anti-Ly I antibody and complement can kill
almost all T-cells: this may account for some discrepancies between different
groups57.

Having catalogued these complicating factors, it is not surprising that a
very complex picture is emerging as to which T-cell subsets are required to
transfer tumour immunity, and how the transfer of cells progresses to target
cell destruction. There are clearly differences between different tumour
systems, well exemplified in a recent comparative studl8

• Here, transfer of
immunity to an immunogenic lymphoma was best achieved with a
combination of Lyl+, LyT and Lyl-, Ly2+ tumour immune T-cells, whereas
sarcoma Meth A required cells bearing both markers. There are many
examples of differing requirements for transfer of immunity, with some
systems seemingly totally dependent on Ly2T cells or their equivalent in other
species, some apparently totally independent of this subset, and as already
indicated, some requiring a combination of subsets for optimum effects (see
Robins and Baldwin38

•
59).

In order to obtain unambiguously uncontaminated effector cell popu
lations, some groups have used clones of T-cells grown in vitro. Using this
approach, it has been shown that cytotoxic clones are capable of destroying
tumour cells60 and normal tissues61 in allogeneic models when in direct
contact with target cells. When transferred systemically, however, cloned
cytotoxic effectors cells are often disappointingly ineffective, possibly because
they lack additional cell surface features necessary for recirculation and
extravasation which would be required for effective in vivo function.
Lymphokine dependence may also be a limiting factor, as some clones are
highly dependent on exogenous supplies of interleukin-2; in this respect,
'helper independent' cytotoxic clones of the type originally described by
Widmer and Bach62 may be more effective63

. This is not always the case,
however

J
as in the transfer of immunity to Moloney leukaemia virus-induced

tumour6
, where the effectiveness of particular clones could not be predicted

from their in vitro dependence on IL-2.
Turning to the transfer of immunity by 'helper/ inducer' T-cells, it is still not

clear how these cells mediate tumour destruction. As indicated above, these
cells could function as cytotoxic effector cells restricted by class II MHC
antigens, although these antigens would need to be induced in most tumour
systems. This point has been investigated64 in a Friend virus-induced mouse
tumour, the rejection of which appears to be independent of CTL. Thus,
y-interferon failed to induce the expression of class II antigen on this tumour,
under conditions where the expression of class I antigen was augmented.

Another aspect of these studies is the possibility that T-cell deficient
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recipient animals may have significant cytotoxic precursor activitl5
, which

might be activated by the transferred helper T-cells. In the Friend virus
tumour system, Greenberg et al. 64 used congenic recipients for transfer of
tumour immunity, so that activated T-cells of recipient origin could be
identified by their Thyl haplotype. No such cells were found, so transfer of
immunity in this tumour system would appear to be independent of CTL.

In these circumstances, other candidate target cell destruction mechanisms
include activation of less specific effector cell types, such as NK cells or
macrophages, or the secretion of cytotoxic factors such as lymphotoxin. The
participation of NK cells and macrophages in these T-cell-directed responses
will be considered below together with a broader assessment of the
participation of these cell types in the relationship between tumour and host.
Characterization of lymphotoxins and evaluation of their antitumour effects
have progressed rapidly recently, mainly because of the production of pure
material by recombinant DNA technologl6

• These materials have allowed
the unequivocal demonstration of the synergistic effects of various
lymphokines (reviewed by Ruddle67

). Lymphotoxin also appears to be related
to tumour necrosis factor (TNF), a hitherto poorly defined activity induced in
serum of experimental animals by endotoxin shock. As its names implies, this
factor induces haemorrhagic necrosis of transplanted tumours when injected
systemicalll8

• Sequence data from TNF eDNA show considerable homology
with lymphotoxin, although the two molecules are quite distinct69

• It is not
clear under what physiological conditions TNF might be produced, but it
seems likely that this series of related factors, perhaps acting synergistically
with ')I-interferon, is produced in a DTH type response that results in tumour
destruction.

NK cells

Natural killer cells are a subgroup of lymphocytes with in vitro cytotoxic
activity against neoplastic cells. Cytotoxic activity is associated with cells of a
distinct morphology, known as large granular lymphocytes (LGL). These
cells are present and active without prior immunization, and have therefore
been attractive candidates as effector cells that might recognize malignant
cells early in- their development, and thus act in a tumour surveillance role.

The beige mutation in the mouse results in very low levels of NK activity,
whilst apparently not affecting T-cell and macrophage function; beige mice
are therefore useful for investigating the in vivo role of NK cells in the
resistance to tumours. Increased growth rates of NK sensitive tumours have
in fact been observed in beige mice in comparison with heterozygous normal
litter-mates7o

• This effect could be reversed by transfer of active NK cells,
further supporting their in vivo role. More recently, the incidence of
spontaneously arising and chemically induced tumours in beige mice has been
investigated71

• In comparison with their heterozygous (normal phenotype)
litter-mates, the beige mice had a significantly higher probability of dying
with a tumour. Such a clear-cut difference was not observed with carcinogen
treatment, although this may be due to impairment of NK activity in the
normal mice by the carcinogen, reducing the difference between the groups.
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In view of the relatively high levels of NK cells in the blood, a role for these
cells in the control of haematogenous metastasis has also been suggested.
Recent studies have shown that in rats treated with anti-asialoGMI
antiserum, which selectively depletes NK activity, there was a reduced ability
to eliminate mammary carcinoma cells injected into the circulation; this
defect was reversed72 by transfer of cell populations highly enriched for LGL.
Resistance to experimental metastasis at other sites may be related to high
local levels of NK activity73.

These studies clearly show that NK cells can function in vivo in some
circumstances, but these conditions may be strictly limited. For example,
Zoller74 showed that natural resistance to a spontaneously arising rat
fibrosarcoma was limited to early stages after transplantation of tumour cells,
and was restricted to sites with normally high NK activity.

As already indicated, the activity of NK cells is susceptible to modulation
by lymphokines produced during T-cell responses, such as IL-2 and
interferon. For example, NK cells are activated in vitro when T-cells from rats
immune to Mycobacteria are stimulated with tuberculin purified protein7s

•
This would fit in with the idea that NK cells could playa part in adaptive
immune responses to tumour, responding at the tumour site to factors
produced by T-cells sensitized to tumour antigens, and thus contributing to
tumour cell elimination.

Activated killer cells

The activation of lymphoid cells to cytolytic activity by products of the
immune response has been taken further by the use of lymphokines prepared
from stimulated lymphocytes, and more recently using recombinant DNA
technology derived material. Culture of murine splenocytes or human blood
mononuclear cells with high levels of IL-2 results in the generation of lar~e

numbers of cytolytic cells known as lymphokine activated killer (LAK) cells 6.

In experimental tumour systems, these cells have been shown to have
considerable therapeutic potential, especially when administered in
combination with IL-2. The relationship of LAK cells to other forms of
cytolytic effector cell is not clear, although it is important to note that the
specificity of killing is much broader than, for example, NK cells76

•

Clinical experience with human LAK cells has given encouraging results,
although the administration of large numbers of cells and IL-2 has given rise
to considerable toxicity problems77

• Studies developing methods for the
production78 and more effective clinical use77 of LAK cells are continuing.

Macrophages

It has long been known that macrophages activated by a variety of specific
and non-specific mechanisms can be highly cytotoxic for tumour cells in
vitro. Moreover, is some tumours, in vivo activation of macrophages by
products such as muramyl dipeptide79 or killed Corynebacterium parvum
organisms74 can result in control of tumour growth. However, in some
studies, there is a clear lack of correlation between the in vitro cytotoxic
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actlVlty of activated macrophages and their ability to mediate tumour
rejection in vivo80

• This has been further explored in a chemoimmunotherapy
model, where it was shown that effector cells from the site of a regressing
tumour consisted of highly cytotoxic macrophages together with T
lymphocytes. However, the effectiveness of these cells in transfer of tumour
immunity in vivo was completely dependent on the T-cell component8l

.

Other evidence indicates that infiltration of macrophages may promote, or
even be necessary for, tumour growth82

, and that macrophages present in
tumour lesions after chemotherapy may stimulate the growth of residual
malignant cells83

. A further complicating factor is that macrophages may be
!ittracted to the tumour site by factors released by malignant cells84

, so that
the macrophage content of tumours may not necessarily be regulated by
immune responses to that tumour. Taken together with the possible tumour
growth stimulatory activity of macrophages, these findings indicated that the
relationship between macrophages and malignant cells in tumours is a
complex one, and that the presence of macrophages may not necessarily be
beneficial.

ESCAPE FROM TUMOUR IMMUNITY

The possible basis for the persistent growth of tumours which are known to
be immunogenic in the face of a host immune response has been widely
investigated. Clearly, if the decisive factor(s) involved could be identified,
their manipulation would obviously have major therapeutic implications. A
variety of possible tumour escape mechanisms will be considered; as with
effector mechanisms, however, it should be emphasized that different
mechanisms are not necessarily mutually exclusive, and a combination of
factors may be responsible for the failure of the immune response to control
progressive tumour growth.

Kinetics of response

One of the simplest factors that should be considered is that with a replicating
source of antigen stimulation, the immune response does not mobilize suffi
ciently rapidly to get on terms with the developing tumour. A manifestation
of this problem may be the 'sneaking through' phenomenon, in which a low
dose of immunogenic tumour cells may develop progressively, whereas a
larger dose of cells does not. The larger number of cells are thought to provide
sufficient antigen stimulation to provoke an immediate and sufficiently strong
response to eliminate the tumour cells, but the lower number may not provide
sufficient stimulus until already established. Suppression may also be
involved in the escape of the low dose cells (see below) but clearly the kinetics
of the response are important.

A recent approach to this aspect has been to model mathematically the
kinetic interrelationships between tumour and various effector cell types that
could be involved in tumour elimination85

• This illustrates well the point that
this kinetic argument can account for many of the features of tumour escape,
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at least in experimental systems, without invoking other escape mechanisms
such as the development of cell-mediated suppression or soluble blocking
factors (see below). In this model, the importance of the strength (i.e. specific
precursor frequency) of the helper T-cell response was emphasized, so that the
success of the response depended mainly on this factor, and tumour
immunization could be accounted for by expansion of this helper cell
compartment.

This fits in well with the demonstration in a number of tumour systems that
augmentation of the helper T-cell response to tumour, by changing the
genetic background for antigen presentation86

, or provision of additional
antigenic determinants (for example, reference 87) can result in a much more
effective antitumour immune response.

Antigen loss

Heterogeneity within tumours may present considerable problems to the
immune system, and emergence of antigen-loss variants has been
demonstrated to be a cause of failure of immunologically mediated tumour
rejection88.

Even with tumours that express multiple tumour-associated antigens such
as UV light-induced tumours, this can be a problem. Thus these tumours
seem to stimulate a response predominantly associated with one antigen12

•

This would tend to allow considerable time for the expansion of an antigen
loss variant even if still immunogenic, because the immune response to the
variant's now dominant antigen would only be properly stimulated after the
loss of the previously immunodominant antigen from these cells, perhaps
allowing them to 'sneak through'.

The concept of antigen loss may also be applicable to self-MHC antigens
which may be involved in the immunological recognition of the tumour. For
example, with a spontaneously arising mouse tumour, lack of class I antigen
coded at the H-2K locus has been associated with loss of immunogenicity.
Thus, after transformation of the tumour cells in vitro with DNA from a
cosmid coding for the H-2Kk gene, variants expressing the H-2K gene were
rejected when transplanted in vivo. Interestingly, immunization with these
variants89 also conferred protection against the parent cell line lacking H-2K.

However, increased MHC expression is not always related to a beneficial
outcome. Low levels of MHC antigens appear to be associated with a relative
increase in susceptibility to natural cytotoxic mechanisms, and this has been
proposed as a means for the elimination of 'not self rather than 'altered self
cells I3

,90. This mechanism may be particularly important in tumours where
T-cell recognition is not stimulated, and thus increased MHC gives NK
resistance with no compensatory increase in the effectiveness of T-cell
interactions.

Induction of suppression

There are many examples in the literature of experimental tumour
immunology of the induction of suppressor cells by progressively growing
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tumour, and this aspect is well illustrated by the work of North and co
workers (reviewed by North37

•
91

).

These studies show that as the tumour develops, a positive effector
response is stimulated, measurable by in vivo transfer of immunity to tumour.
However, a negative (suppressor cell) response soon becomes evident. In fact,
the positive effector cells are only clearly demonstrable using cell populations
from tumour bearing animals given sublethal irradiation. This is because the
suppressor population is relatively radiosensitive, whereas the effector cells
are radioresistant.

The development of suppression in the tumour system becomes critical as
the tumour mass increases. Early surgical removal of the tumour results in the
lo'ss of suppression, and a strong positive antitumour response. When
excision of tumour is left until later, the suppressor effect is not easily
reversed. This would suggest that in immunotherapy, attempts to stimulate
antitumour immunity where there is a large tumour burden, or even after
'tumour debulking' surgery, may be made ineffective by suppression.

Blocking factors

During early in vitro studies of the effects of tumour immune lymphocytes on
target tumour cells, it was observed that serum from tumour bearing animals
could block the cytotoxic activity of these effector cells35

• Initially it was
thought that antitumour antibody might be responsible for this activity, but
immune complexes of tumour specific antibody and soluble tumour antigen
were shown to be more important92

. Anti-idiotypic antibodies, specifically
reactive with the binding site of antitumour antigen recognition structures,
have also been implicated in some systems.

Since these early studies, the nature of the effector mechanisms that were
being blocked by serum factors has been called into question, because of the
possible contribution of non-specific cytotoxic effector cells in these assays.
Clearly, it is difficult to assess the relevance of the blocking response if the
significance of the in vitro measurement being blocked is questionable93

•

However, this type of mechanism may still be important in the modulation
of tumour immunity, but its precise definition awaits the development of
more appropriate in vitro methods.

SUMMARY

Malignant transformation results in major changes in cellular growth control
and interaction with surrounding cells. In many experimental systems,
transformed cells are recognized specifically by the immune system, but in
human cancer, evidence for such recognition remains equivocal. Rejection of
experimental tumours depends primarily on cellular immune responses,
although the relative importance of cytotoxic T-cells, helper/inducer T-cells,
and less specific effector cells such as macrophages and NK cells varies
between tumour systems. A variety of mechanisms by which tumours may
escape immunological control have also been defined, including antigen loss,
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suppression, and the development of factors which interfere with cellular
immunity. Antibodies may be useful as agents of immunological attack
against tumours, either functioning with effector cells or complement, or as
the vehicle to carry drugs or toxins to the tumour.
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2
Immunoscintigraphy:
Tumour Detection with Radiolabelled
Antitumour Monoclonal Antibodies
".. V. PIMM

INTRODUCTION

The feasibility of targeting specific agents both in malignant and other
diseases has been a goal of medicine for over 2000 years. Paul Ehrlich, one of
the pioneers of specific antibacterial agents, used the phrase 'the magic bullet'
and this has recently been applied to possible targeting of antibodies to
tumours. Although much pioneering work was carried out in this field with
animal tumours by David Pressman and his colleagues in the early 1950s I, it
has been only in the last few years that major scientific, clinical and
commercial attention has been focussed on this approach. This interest was
revived firstly by the comparative ease of purification of polyclonal antibody
to the carcinoembryonic antigen (CEA) and the influential studies by
Goldenberg et al. 2 on the localization of such radiolabelled antibodies in
colorectal and other carcinomas, and secondly by similar studies following
the advent of monoclonal antibodies, initially to CEA3 and later to a wider
range of other tumour-associated antigens4

-
21

• One aspect of this development
is the clinical potential of monoclonal antibodies for the detection of primary,
and probably more usefully, recurrent or metastatic tumours if these
antibodies- can 'localize' in tumour deposits and this can be visualized by
external imaging following administration of suitably radiolabelled antibody.
In addition these imaging studies could provide data on the biodistribution,
pharmacokinetics and extent of tumour and normal tissue uptake of
monoclonal antibodies which could be useful in designing therapeutic trials
both with free antibody and drugs or isotopes conjugated to antibodies.

This chapter does not aim to review comprehensively the clinical findings
with the variety of monoclonal antibodies which have been shown to localize
the human tumours but rather to describe some of the fundamental aspects of
this work, the criteria to be met for successful tumour localization and the
problems potentially associated with this approach to diagnostic tumour
imaging. Where appropriate, specific examples will be drawn from studies
carried out by the author and his colleagues in Nottingham over the past few
years.
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MONOCLONAL ANTIBODIES AS RADIOPHARMACEUTICALS

Given that monoclonal antibodies are available to tumour-associated
antigens in purified form, how can we study their biodistribution and tumour
localization? Highly sophisticated medical physics procedures have been
developed over the last few years for imaging the distribution of a wide range
of diagnostic radiopharmaceuticals in patients. It is clearly appropriate to use
this established expertise to examine tumour localization of monoclonal
antibodies. In one sense these can be viewed as a new generation of radio
pharmaceuticals, but it is important to appreciate not only their similarities
to, but differences from, conventional agents. The majority of antibodies
currently available are high molecular weight proteins (mouse immuno
globulins) and their response to radiolabelling, their in vivo fate, distribution
and eventual catabolism will be unlike any other, conventional, radio
pharmaceuticafo. Moreover, since they are proteins foreign to man they can
potentially act as immunogens, evoking, for example, the production of anti
mouse immunoglobulin antibodies in patients20

,22-24.

Radiolabelling of monoclonal antibodies

A number of radionuclides already widely used in nuclear medicine have been
used to label monoclonal antibodies for clinical studies (Table 2.1) and all are
gamma emitters since their biodistribution has to be imaged externally. The
imaging of the distribution of radiolabelled antibody has been variously
termed immunoscintigraphy, radioimmunoscintigraphy, radioimmunodetec
tion or radioimmunolocalization.

Most of the early work with radiolabelled monoclonal antibodies used
iodine-131 which has the advantage of low cost, ready availability and ease of
attachment to proteins such as antibodies by oxidative incorporation into
tyrosine amino acids within the protein structure (Figure 2.1 A). Unreacted
iodine-l31 is removed by gel filtration chromatography. Iodine-l31 has
disadvantages, however, in that its high energy of gamma emission is not
ideally suited to gamma cameras, and its long half-life and associated
emission of f3 particles pose problems of radiation doses to the patients.
Another radionuclide of iodine, iodine-I23, has a lower energy of gamma
emission more suitable for imaging, no f3 particle emission, and can be used to
label antibodies in an identical fashion to iodine-l3l. Its disadvantages,
however, include high cost, restricted availability and a half-life of only 13
hours. Since, as discussed below, most patient imaging is carried out 2-3 days
after injection of labelled antibodies, high doses of 123I-Iabelled antibody
would be necessary for remaining radioactivity to be detected with a
technically satisfactory count rate.

More recently, a radionuclide of the metal indium, indium-Ill, has been
introduced for antibody labelling and used in a number of clinical trials. This
has suitable physical characteristics but is expensive. In addition it cannot be
simply attached directly to antibodies in the same way as radioiodine, and
labelling requires preconjugation of the antibody to chelating agents which
subsequently chelate indium-Ill ions. Although a number of chelating agents
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Figure 2.1 Labelling of monoclonal antibody for tumour immunoscintigraphy. A. Labelling with
radioiodine such as 1311 or 1231 is carried out by oxidation of iodide to t with agents such as
chloramine T or iodogen allowing simple incorporation into tyrosine groups of the antibody
protein; B. Labelling with radiometals such as JilIn, 99mTc and 67Ga is carried out by chelation to
chelating groups such as DTPA previously linked to the antibody
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have been investigated the one now most frequently used is diethylene
triamine pentaacetic acid (DTPA). This is usually converted initially to a
bicyclic dianhydride which can react with antibody by the formation of stable
amide bonds with amino groups. Subsequently its carboxyl groups are
available to chelate indium-Ill ions from a solution of [I 1Iln]indium acetate
(Figure 2.1 B). (Unreacted indium is subsequently removed by gel filtration.)
This reaction is clearly more complex than simple iodination of antibody
protein, and unless carried out correctly can yield products containing either
antibody molecules dimerized by DTPA linkages and/ or free 111ln in the form
of a colloid and both of these will cause unsatisfactory in vivo characteristics.
, The radiometal gallium-67 is also a likely candidate for radiolabelling

monoclonal antibodies for clinical imaging. It can be conjugated by the
chelation techniques outlined above for indium-Ill. Although its use for
tumour localization studies in animals has been reported there have, so far,
been little or no reports of its clinical use. Gallium-67 injected in the form of
gallium-citrate has been widely used as a tumour imaging agent. However,
non-specific uptake in abscesses and inflammation have resulted in the
continued search for more specific agents. Perhaps conjugation to
monoclonal antibodies may provide even greater tumour discriminatory
properties.

A fourth radionuclide which may be used for radiolabelling antibodies but
not yet so widely used is technetium-99m. This is cheap, readily available and
has an energy of gamma emission ideal for gamma camera detection and is
the most widely used radiolabel for conventional radiopharmaceuticals. Its
conjugation to antibody can be carried out by chelation to DTPA previously
conjugated to antibody in the same way as for indium-Ill labelling.
However, with technetium labelling this is even more complex, involving an
initial reduction of the pertechnetate ion (Tc04-) to the Tc4

+ ion for chelation.
Furthermore, one of the major disadvantages to technetium-99m is its short
half-life of only 6 hours, which would require very large doses to be initially
administered to give acceptable count rates at the usual time of imaging. As
will be reviewed below, fragments of antibody, e.g. Fab and F(ab')z show
more rapid discrimination between tumour and blood and other normal
tissues allowing imaging within possibly 6-24 hours after injection. It is
probably with these fragments that technetium-99m will gain greatest
acceptability.

One factor to be considered in radiolabelling antibodies for tumour
immunoscintigraphy, whichever radiolabel is used, is the effect on the
immunological activity of the final product. If radiolabelling involves
attachment of chelating agents to the antibody molecules these may be linked
at or near the antigen combining sites and/ or alter the secondary and tertiary
structure of the molecule, reducing its ability to bind to antigen. Even with
simple radioiodine incorporation, iodine may be introduced into critical parts
of the molecule. The higher the substitution ratio of chelating groups or
iodine atoms per antibody molecule the greater the potential damage. For
example, Figure 2.2 illustrates the loss of immune function of one particular
antibody as it was iodinated to increasing specific activities. This is probably
an extreme example, and individual antibodies will very likely differ in their
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damage by labelling procedures, but each needs careful evaluation and
optimization before it can be regarded as satisfactory for clinical use.
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Figure 2.2 Loss of immunological function of an antitumour monoclonal antibody (79 IT/36)
with increasing levels of labelling with Ill!. The preparations were evaluated by measuring the
proportion of radioactive counts capable of binding, in vitro, to appropriate tumour cells

What happens to radiolabelled antibodies in the circulation?

Following intravenous injection, immunoglobulins distribute over a few
hours between the intravascular and extravascular fluid compartments20

(Figure 2.3). Thus a rapid initial drop in blood radioactivity is seen, followed
by a slower decline2u

. For most intact antibodies the latter has a half-life
between 1 and 3 days and this is similar to that seen when these mouse
immunoglobulins are injected into mice, although it is much faster than the
rate of catabolism of passively transferred human immunoglobulin.
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Figure 2.3 Blood levels of radioactivity following intravenous injection of 1311 or IIIIn_labelied
791 T/36 monoclonal antibody into patients with colorectal carcinoma. There is an initial rapid
drop, followed by a slower decline as the antibody is catabolized. Note that 13 II-labelled Fab
fragment is lost far more rapidly than intact antibody (3-6 patients/ group)

Following catabolism of the antibody, radioiodide such as iodine-I31 and
iodine-I23 is excreted predominantly in the urine, although some is taken up
by the thyroid, and some secreted by the gastric mucosa. In contrast, indium
III released in vivo from catabolized antibody is probably retained in most
normal tissues, predominantly the liver, spleen and kidneys and is excreted
only slowly both in urine and faeces. These differences in the biological fates
of radioiodine and indium-Ill account, at least in part, for the superiority of
indium-Ill as a radiolabel for antibody imaging. Thus retention of indium in
tissues produces an apparent relative clearance from the blood, and this
facilitates imaging of tumours, particularly in vascular regions such as the
heart25

• Moreover, indium deposited in tumour tissue is retained there
following local catabolism of the antibody, and consequently much higher
tumour levels of indium are attained and maintained. These properties of
indium-Ill, together with its superior gamma emission, can produce
markedly superior images of tumour localization of monoclonal antibodies
compared with radioiodine-labelled preparations25

• A major problem with
indium-Ill, however, it its propensity to be taken up into liver tissue, and this
can obscure localization of antibody in, for example, liver metastases. This is
not such a problem with iodine-labelled antibody and clearly the choice of
radiolabel is dictated, to some extent, by the investigation required.

A number of studies have shown that following administration of labelled

27



IMMUNOLOGYOFMALIGNANTDISEASES

100 '"E
'"'"0::

'"E
'".!l!
Q..

",80.....z
:::>
0
u
~60
.....
u«

~ '" '"~40 a; Q) Q)c u u u
~« .... '" ....

'" '" .... '"0::
'"

Q) ~ '" 2 '" Q) a;.... Q) >. Q) a; Q) >. ua; U >.U u u U U U "C20 ::> E u ::> E ::> Ec: "C Q)

c: ::> "C ::> Q) c: ::> 0::
0 c: Q) 0 c: 0:: 0

~ nc: '"
0:: c:

E5 n c::
" t5 n :E ~:;:

Patient received:- I11ln-791T136 111 1n-791T136 13l1-791T136
Blood taken after:- 3 days 2 days 2 days

Figure 2.4 Profiles of blood-borne radioactivity in patients given 1311 or IIlln-Iabelled 791T/36
monoclonal antibody. Blood was fractionated into plasma, mononuclear cells, granulocytes and
red cells and the radioactivity in each fraction counted. Plasma contains the vast majority of the
circulating radioactivity

monoclonal antibodies the circulating radiolabel is still free in plasma and
attached predominantly to the monoclonal antibody20 as assessed by immune
precipitation, chromatography and antigen binding tests (Figure 2.4. See also
Figure 2.9A). The studies are an important part of the initial evaluation of a
monoclonal antibody for imaging studies, since the efficient tumour
localization of radiolabel requires effective delivery by the antibody. There
are a number of potential problems which can arise here if labelled prepara
tions are of poor quality, or if inappropriate antibodies are used:

(1) The transfer of the radiolabel to other serum proteins may occur. This is
certainly a possibility with JilIn-labelled antibody where any free
indium-Ill in the preparation can attach to serum transferrin which can
persist in the circulation.

(2) There may be formation of immune complexes with circulating tumour
derived antigen. This has been most widely documented with antibodies
to CEA, where high molecular weight anti-CEA-CEA complexes have
been shown in the circulation. Potentially the formation of such
complexes could abrogate successful imaging, lead to erroneously false
positive images in sites of immune complex deposition (e.g. the spleen),
and be potentially deleterious to the patient. In practice, however, this
has not been a p~oblem with anti-CEA antibodies and patients with up
to at least 5000 /i-g/ L of CEA have been imaged successfully.
Presumably in this situation there is antibody equilibrium between
plasma- and tumour-CEA and greater binding to the latter. This may
not be the case with all monoclonal antibodies whose antigens are
present in plasma at significant concentrations and this needs to be
appreciated in evaluating new antibodies.
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(3) Binding of antibody to blood cells may occur. Anti-CEA antibodies
have been prepared against several individual antigenic sites (epitopes)
on the CEA molecule. However, not all of these epitopes are specific for
CEA and some are expressed on other normal tissues. Most
importantly, in the present context, granulocytes express some of these
epitopes and there is at least one report of granulocyte depletion in
patients given such an antibody with concomitant systemic toxicity
including fevers, rigors and emesis6

• Obviously epitope identification
and assessment of granulocyte binding is an important part of the
preclinical evaluation of such monoclonal anti-CEA antibodies.
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Figure 2.5 Tumour levels of radioactivity in colorectal carcinoma patients injected with 1311_
labelled 79 IT/36 monoclonal antibody. 1-6 days after administration of antibody resected
tumour was counted for radioactivity and the level expressed as a percentage of the originally
injected does of radiolabel
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How much antibody localizes in tumours and what becomes of it?

A number of studies in which tumour has been resected from patients injected
with radiolabelled antibodies have established that generally only very low
proportions of the injected doses of antibody accumulate in tumour. This is
generally of the order of less than 0.05% of the dose/ gram4

,16 and tumour
levels subsequently decline (Figure 2.5). The changing balance between
tumour, normal tissue and blood levels of radiolabels results in optimum
tumour detection by external imaging usually 2-3 days after administration.
In relation to adjacent normal, non-malignant tissue this generally represents
a tumour:non-tumour ratio of up to a maximum of 10:1, depending on tbe
individual anitbody, and tumour type, although values are more general
ly4,16,21 in the rang~ of 3: 1-5: 1. Although these levels of radioactivity have
proved viable in external imaging of tumour deposits, clearly higher ratios
would further facilitate imaging. Theoretical considerations, from the
characteristics of the particular radiolabel radiation and detector systems
employed have been attempted to predict the detectability of different size
tumours at different depths of the body and with different count rates for
particular isotopes26

• In practice the smallest tumour deposits generally
visualized have been about 1-2 cm in diameter.

Although one might hope that antibody localized in tumour would 'coat'
the surface of all malignant cells, analysis by autoradiography shows that
deposition is far from uniform. Moreover, not all tumour-localized antibody
may be in association with malignant cells and much may be associated with
antigen as immune complex, for example in tumour acini or stroma2l

.

Antibody fragments (see below) can theoretically give higher tumour to blood
ratios, potentially improving tumour detection rates. In addition, at least
from experimental animal studies, there is a probability that fragments
penetrate more deeply into tumour tissue than intact antibody, possibly as a
result of their greater rate and extent of extravasation.

A further point for consideration here is the heterogeneity of malignant
cells within tumours, so that not all cells may be expressing the target antigen
for the particular antibodl l

. Possibly improved imaging may result from
combinations of antibodies and/ or fragments ll each to different antigen deter
minants although it may require a 'cocktail' of several antibodies to
potentially react with all malignant cells.

The potential superiority of antibody fragments

Although immunoglobulins exist in five classes (lgA, IgD, IgE, IgG and IgM)
the monoclonal antibodies which have been raised against human tumours
and which are mostly available for immunoscintigraphy are IgG and IgM. A
simplified structure of an IgG molecule is shown in Figure 2.6. It consists of
two pairs of polypeptides, two of 23000 daltons molecular weight (light
chains) and two of 53000 daltons (heavy chains). They are linked by
interchain covalent disulphide bonds to form a 'Y'-shaped molecule with a
total molecular weight of approximately 150000 daltons. IgG is bivalent, its
two variable regions being the part of the molecule binding to specific antigen
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Figure 2.6 Schematic representations of structures of IgG and IgM antibodies. A. IgG can be
broken down by enzyme treatments to Fab and F(ab'), fragments. Both retain antigen binding
activity but the loss of the remainder of the molecule (the Fc portion) results in more rapid
extravasation and catabolism in vivo; B. IgM can also be broken down to monomeric subunits
and these too have altered in vivo distribution properties. It is also possible to fragment these
subunits to Fab and F(ab'), fragments. Thus a range of subunits and fragments is potentially
possible from IgM monoclonal antibodies

sites. Enzymic fragmentation of IgG with pepsin and papain can yield
bivalent F(ab'h and univalent Fab fragments (Figure 2.6). In practice, mouse
monoclonal antibodies are often more difficult to fragment in this way than
immunoglobulin preparations of other species, and F(ab'h and Fab
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fragments cannot be readily prepared from all monoclonal antibodies. The
importance of fragments in the present context is that, in vivo, they show
altered pharmacokinetic properties compared with intact antibody (Figure
2.3). Both are more rapidly catabolized than free antibody and indeed Fab
can undergo simple renal clearance and urinary excretion. In addition the1
extravasate more rapidly and to a greater extent than intact antibody4,7,11,2 .
The net consequence is that, compared with intact antibody, fragments can
localize more rapidly, achieve higher tumour to blood ratios and possibly
penetrate more deeply into tumour tissue. The absolute levels of tumour
deposition, in relation to the injected dose are, however, lower than those
with antibody. Since tumour localization can often be visualized earlier with
fragments, acceptable count rates may still be present in tumour areas.

IgM antibodies consist, essentially, of a pentamer of IgG-like molecules
with ten possible antigen binding sites (Figure 2.6). Although there are some
reports of tumour imaging with IgM antibodies they have the disadvantage,
compared with IgG antibody, of rapid catabolism but slow and poor
extravasation. In some cases IgM antibodies can be broken down to IgG-like
subunits. Although these are still rapidly catabolized (a feature dependent on
the J-t heavy chain of the molecule) they may be more suitable than intact IgM
in relation to extent and rate of extravasation and their ease of radiolabelling,
but this area has as yet been poorly explored, at least in the clinical evaluation
of IgM fragments.

IMMUNOSCINTIGRAPHY

For most tumour imaging studies patients have been given intravenously
between 0.1 mg and 10 mg of monoclonal antibodies labelled with usually 2,
but sometimes up to 6 millicuries (222 MBq) of iodine-l31, iodine-123,
indium-Ill or technetium-99m. Usually a small sample of the material is used
as a skin test dose to test patients' hypersensitivity to mouse immunoglobulins
before injection of the bulk of the material. Hypersensitivity is occasionally
seen in previously uninjected patients and here it is clearly inappropriate to
proceed with the investigation. Following repeated imaging investigations,
patients can become sensitized to the monoclonal antibodlO,22-24 and this
restricts the feasibility of more repeat investigations. At the time of writing,
monoclonal antibodies for clinical imaging are not generally commercially
available. If they were they would obviously need to satisfy legislative criteria
of purity, sterility, lack of toxicity, etc. However, since all such antibody
investigations are currently carried out only on a trial basis, standards to be
met are only locally determined, but have generally involved at least sterility
and lack of pyrogenicity before clinical evaluation.

Imaging the tumour localization of radiolabelled monoclonal antibodies

Imaging of patients is usually carried out 2-3 days after intravenous injection
of radiolabelled antibody using either gamma cameras or rectilinear scanners
to produce planar images, or tomographic cameras allowing construction of
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Figure 2.7 Anterior view of the pelvis of a patient with ovarian carcinoma 48 hours after
intravenous administration of 80 MBq of rIlIn]79IT/36 monoclonal antibody. Tumour
localization of "'In is clearly visible with some "In also in the liver

image 'slices' similar to X-ray CT. The quality of images obtained is dependent
in great part on the radionuclide used to label the antibody. With indium-III
and iodine-I23, planar images can generally be viewed directly on film and
both provide adequate count rates for tomographic data collection (Figure
2.7). With iodine-131 due to poor resolution and gamma camera detection,
tomography is poor. In addition, because of the high proportion of
circulating radioiodine a process of 'image enhancement' needs to be used for
tumour detection from planar images. In this case, in addition to acquiring an
image of the iodine-131 distribution, an injection of another radiotracer is
given before the time of the imaging session to simulate the blood pool
distribution. This second tracer is usually technetium-99m given in a form to
remain in the circulation as labelled albumin or labelled onto the patient's red
blood cells and also as free pertechnetate to simulate extravascular activity.
The technetium-99m image is then subtracted by computer from the iodine
131 image thus enabling visualization of areas of increased radioactivity
which are not simply due to blood-borne iodine-131 or areas of increased
tissue vascularity (Figure 2.8). This procedure is not without problems,
however, since differences in energies of the gamma emissions of iodine-131
and technetium-99m produce different degrees of scatter and subtraction of a
relatively 'sharp' 99mTc image from a relatively 'fuzzy' 1311 image can give
artefacts which could, in inexperienced hands, be thought to represent
specific iodine-131 accumulation. A further disadvantage of iodine-131 and
also of iodine-123 is the high amount of urinary excretion of radioactivity in
the bladder which can mask uptake into tumours within this region.

An additional possibility for 'image enhancement', particularly applicable
to investigations with radioiodine, is to remove 'excess' circulating radio-
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TUMOUR IMMUNOSCINTIGRAPHY

labelled antibody bl a subsequent injection of a second anti-mouse immuno
globulin antibodl , for example made in goats. This has been reported to
improve tumour imaging, the immune complexes formed being rapidly
cleared to the liver and spleen with subsequent catabolism and clearance of
radiolabel. However, it does have the added problem of possibly deleterious
effect to patients following rapid immune complex formation. Moreover, as
will be discussed below, patients are already potentially capable of making
antibodies to the mouse immunoglobulin of the monoclonal antibody, and
this situation could be worsened by the production also of the immune
response to the second, goat antibody.
. In some studies it has been found that increasing the dose of antibody
increases tumour detection rates28

• This could, in some circumstances, be due
to increasing reduction in the specific activity of the labelled antibody with
concomitant increase in its immunological activity. With some antibodies,
however, it is probable that, while the antigen is expressed in high levels in
tumour, the antibodies are not absolutely tumour-sRecific and a low level of
antigen expression may occur in some normal tissues28

• A consequence of this
would be that increasing the dose of antibody would saturate this low level of
expression in normal tissues, while localization in tumour tissue would
continue to increase; discrimination between normal and tumour tissues
would progressively increase and tumour detection by external imaging
would become more efficient.

Clinical success of tumour imaging

Table 2.2 summarizes a representative sample of imaging studies with
radiolabelled monoclonal antibodies reported over the last 4 years. These
cover IgG and IgM antibodies and their fragments labelled with iodine-131,
iodine-123, indium-Ill or technetium-99m in malignancies of colon, rectum,
breast, lung, ovary, thyroid, uterus and bone and melanoma, teratoma,
neuroblastoma, glioma and meningioma. It is not possible here to describe
any of these trials in detail but rather to indicate the diversity of malignant
diseases in which antibody imaging is being evaluated.

Although a number of these studies report 100% tumour detection rates, an
overall average is nearer 70% and the smallest tumours visualized have
generally been of the order of 1-2 cm in diameter. It should be borne in mind,
however, that this is a rapidly developing area and as antibodies, labelling
techniques and expertise are improved so detection rates and size of tumours
detected will improve. To take one example, Perkins et al. (personal
communication, Table 2.2) imaging primary lung carcinoma showed positive
imaging in only 3 out of 8 (37%) cases using 13 II-labelled antibody and planar
imaging. With JIlIn-labelled antibody, 7 out of 12 (67%) of tumours were
visualized by planar imaging, but with lllIn-labelled antibody and
tomography 6 of 6 (100%) of tumours were seen. Probably the further use of
antibody fragments, and indium-Ill and technetium-99m labels and
tomoscintigraphy can be expected to lead to overall increase in detection
rates. In some cases previously unsuspected tumour deposits (e.g. metastases
or new primary tumours) have been detected during immunoscintigraphy, but
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IMMUNOLOGY OFMALIGNANTDISEASES

it does not follow of course that these might not have been detected by other
techniques if these had been included in the investigation.

The role of immunoscintigraphy in complementing other diagnostic
imaging procedures such as X-ray computed axial tomography and NMR
will only emerge from further study and prospective studies to determine the
usefulness of immunoscintigraphy are now being carried out. For example,
multicentre and prospective trials are on going with an anti-melanoma7,29 and
anti-colorectal carcinoma11 antibodies and with 131 I and III In-labelled
791 T/36 antibody a trial is under way to evaluate prospectively the use of this
antibodl in the detection of suspected recurrent and metastatic colorectal
cancerl . 46 patients (25 men, 21 women) have undergone 52 immunoscinti
graphy investigations. Of these, 42 had 99mTc liver scintigraphy, 28 abdominal
ultrasonography, 28 computerized axial tomography and 17 laparotomy. The
indications for investigation were pain (46%), a mass (27%), hepatomegaly
(13%) and elevated carcinoembryonic antigen (CEA) (65%). In 19% patients
elevated CEA was the only detectable abnormality. 57 sites of recurrent
diseases were detected in 37 patients; 37 of these sites were positively
identified by immunoscintigraphy, giving a sensitivity of 64%. Nine patients
remain disease-free with a median follow-up of 12 months (9-27 months). 13
had false positive images giving a specificity of 70%, but the conclusion so far
is that immunoscintigraphy is a clinically useful imaging modality in the
detection of recurrent and metastatic colorectal cancer, and is likely to prove
of particular value where computerized tomography is not available. The
same antibody (791T/36) successfully images primary and recurrent ovarian
carcinoma and is viewed as a 'possible alternative to second look surgery in
these patients"l5.

One point to emerge from these studies is that some radiolabelled
antibodies are proving capable of imaging more than one type of malignancy.
This is clearly the case with anti-CEA antibodies. To take some other
examples, antibodies to antigens associated with human milk fat globule
membranes have been used to image both breast and ovarian carcinomas9

,17.

The 791 T/36 antibody, originally raised against osteogenic sarcoma,
identifies an antigen expressed in other, quite diverse malignancies, such as
colorectal l6, ovarian l5 , breast and lung carcinoma and has been used in
imaging all of these diseases. In addition a number of trials are now ongoing to
evaluate immunoscintigraphy with mixtures of antibodies potentially to over
come some of the problems of heterogeneity of antigen expression in tumours.
For example, there are now reports of both the simultaneous use of two
anti-colorectal carcinoma antibodies (17-lA and 19-9) showing improved
detection rates, and the 19-9 antibody F(ab'h fragment together with an
anti-CEA antibody11 F(ab'h.

The problems of patients' antibody responses to murine monoclonal
antibodies

Because monoclonal antibodies currently being evaluated for immunoscinti
graphy are mouse immunoglobulins, they could potentially evoke patients'
production of antibodies to mouse immunoglobulin. This has now been
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Figure 2.9 The effect of a patient's antibody response to an antitumour monoclonal antibody
(791 T/36). A. Radiolabelled antibody was mixed with plasma from the patient before the
investigation and fractionated by gel filtration chromatography (Sephacryl S300 column) which
separated plasma proteins into high, medium and low molecular weights, monitored by
absorption of ultraviolet light at 280 nm. Radiolabel is present only in the second plasma protein
peak corresponding to the molecular weight (150 000 daltons) of the antibody; B. Plasma from
the same patient 10 months after the first investigation added to labelled monoclonal antibody.
The presence of antibody to the monoclonal antibody forms high molecular weight immune
complexes and the radioactivity is now eluted earlier from the column; C. Plasma from the
patient 2 hours after a second injection of radiolabelled monoclonal antibody. In vivo formation
of immune complexes has now taken place and circulating radiolabel is in high molecular weight
form
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Figure 2.10 The effect of a patient's antibody response to an antitumour monoclonal antibody
(79IT/36) on imaging the distribution of radiolabelled 79IT/36. Anterior views of the upper
abdomen of a 68-year-old female patient with carcinoma of the endometrium. A. 48 hours after
first injection of [lJII]79ITf36; B. 3 weeks later and 48 hours after a second injection of
[111 1]791 T /36; C. 6 months following the first injection and 48 hours after a third injection of 11'I_
labelled 791 T /36 showing intense uptake in spleen (arrow). The site of the tumour was not shown
without blood pool subtraction and the final study was unsatisfactory

d f b f · I 42022-24 d I . '11 d' F'reporte rom anum er 0 tna s" an an examp e IS I ustrate m Igure
2.9. Although repeat investigations are possible in many patients, by the time
three or four administrations of antibody have been given often patients'
antibody levels are sufficient to neutralize the subsequent imaging doses20

•

This results in immune complex formation with subsequent rapid clearance
from the blood, appearance of radiolabel predominantly in the spleen and
abrogation of tumour imaging (Figure 2.10). There are a number of ways in
which it might be possible to circumvent this problem. For example, antibody
fragments might be less immunogenic than intact antibody. Thus removal of
the Fc part of the molecule removes one of its more highly immunogenic
regions and also hampers immune recognition and processing which could
lead to antibody formation against the rest of the immunoglobulin molecule.
There are, however, now some reports of antibody responses to Fab
fragments, albeit in patients given large doses of fragments. Furthermore,
there is some evidence that the antibody responses in patients given mouse
monoclonal antibodies are not the result only of primary immune responses
to mouse immunoglobulin but represent secondary responses to antigenic
determinants common to mouse immunoglobulins and, for example porcine
and bovine immunoglobulins, to which low levels of sensitization had already
occurred from food 22

• However, patients' antibody responses have been
shown to include, at least in part, antibodies against the unique antigen
binding part ofthe monoclonal antibody molecule (the idiotope) and so some
primary sensitization is also occurring23

,24. These anti-idiotypic antibodies
could also be produced against Fab and F(ab'h fragments and this is another
reason why use of these fragments may not entirely circumvent the problem
of immunogenicity in patients. Human, rather than mouse monoclonal
antibodies are now being produced against some tumour-associated antigens.
If these were used for immunoscintigraphy they would probably be less
immunogenic than mouse immunoglobulin, but may still evoke at least the
production of anti-idiotypic antibodies.
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SUMMARY AND CONCLUSIONS

Monoclonal antibodies can be made to antigens preferentially associated
with, even if not totally specific for, human tumours. These antibodies can be
purified and radiolabelled and, in vivo, can be seen to accumulate
preferentially in tumour deposits, both primary and secondary in a wide
variety of malignancies. It can be envisaged that development of further
antibodies, radiolabelling procedures and imaging equipment will refine this
technique to give greater sensitivity and specificity. Obviously this
development will take place alongside progress in other imaging and
diagnostic modalities and the final place of immunoscintigraphy as an
alternative or complementary procedure cannot yet be assessed. It seems
likely, however, that it will find a role in clinical practice.
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3
Monoclonal Antibody Targeting of
Cytotoxic Agents for Cancer Therapy
R. W. BALDWIN AND V. S. BYERS

INTRODUCTION

The technique of immortalizing individual clones of antibody secreting cells
by fusing them with cultured myeloma cells to form hybridomas which
continuously secrete antibody has for the first time made possible the
reproducible production of antitumour antibodies I-3. Typically these are
murine monoclonal antibodies produced by hybridomas formed by fusing
splenocytes from mice immunized with human tumour cells or cell fractions.
These hybridomas are maintained continuously either in culture or as ascites
in mice so allowing production of monoclonal antibodies in multigram
amounts. The repertoire of murine monoclonal antibodies which react with
human tumours is now quite extensive and preparations are available which
recognize almost all of the major types of human cancer1-4. These include
antibodies reacting with carcinomas of colon, rectum, breast, ovary, lung and
bladder as well as malignant melanoma and bone and soft tissue sarcomas. It
is important to recognize, however, that these antibodies generated by
immunizing mice with human tumour cells do not recognize tumour specific
antigens. Rather, they react with normal or modified tissue antigens which
are either preferentially or inappropriately expressed upon malignant cells.
One class of antigens, the so-called oncofetal antigens, are tumour cell
products which are associated with fetal and malignant tissues5

• These include
carcinoembryonic antigen (CEA) widely associated with colonic carcinomas6

and a-fetoprotein secreted by hepatocellular carcinomas7
• Other tumour

associated antigens against which monoclonal antibodies have been generated
are probably differentiation antigens. These include a range of protein
antigens on malignant melanoma cells8 as well as glycolipid antigens in
colorectal cancer9

,1O. Likewise monoclonal antibodies have been produced
against human milk fat globule membrane which recofnize carbohydrate
antigens expressed upon carcinomas of breast and ovaryl .

Although the monoclonal antibodies produced against these antigens are
not strictly tumour specific, they are being examined for drug targeting1

,4,12.

This application is based upon extensive related studies where it has been
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shown that radiolabelled antibodies preferentially localize in human tumours
(see Chapter 2). Based upon these findings it is proposed that antibody
targeted cytotoxic agents may have more effective antitumour activities
and/ or reduced toxicity for normal tissues.

IMMUNOTOXINS

Ribosome-inactivating proteins represent a class of highly cytotoxic agents
being used to construct immunotoxins by linking to monoclonal anti
bodies 13

-
16

• It has been calculated that one molecule of these toxins entering
the cytoplasm of a cell is sufficient to produce a lethal response. Therefore,
they have considerable appeal for antibody targeting, since the amount of
antibody which can bind to a target cell is limited by the number of antigen
receptors expressed.

One type of toxin typified by ricin toxin (from castor beans) consists of two
polypeptide chains (A-chain and B-chain) joined by a disulphide bond. In the
natural course of events, the toxin binds through a site on the B-chain to
receptors which are expressed upon essentially all cells in a susceptible host.
The A-chain then penetrates into the cytoplasm, probably following internal
ization via the endosome and produces cell kill following inactivation of

. h' 1314protem synt eSls . .
Immunotoxins constructed by linking whole toxin to antibody are highly

toxic and their activity may even exceed that of the native toxin. But because
of the presence of the B-chain component, which binds to most cells, they
lack specificity. One approach to this problem is to 'block' the B-chain
reaction with cell receptors by, for example, including galactose or lactose in
the reaction mixture. This blocking is effected since the cell receptor for
B-chain recognizes oligosaccharides. This is readily feasible in vitro but less
easily achieved in vivo. A preferred approach, therefore, is to separate the
A-chain and B-chain polypeptides following enzymic cleavage of the whole
toxin. The isolated A-chain is then linked to antibody to form an A-chain
immunotoxin (Figure 3.1). The coupling is generally produced by introducing
an activated disulphide residue (e.g. dithiopyridine) into the antibody which
then is reacted with free sulphydryl groups of the A-chain. This forms a
conjugate in which the A-chain toxin is linked to antibody through a
disulphide bond.

A·CHAIN
RICIN

TOXIN ENZYfMTICALLY
SPLIT ANTIBODY IMMUNOTOXIN

Figure 3.1 Synthesis of ricin A-<:hain antibody conjugates
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There is now a considerable range of immunotoxins produced by linking
ricin A-chain to antibody13-16, These include immunotoxins cytotoxic for
many types of solid tumour including carcinoma of colon, breast, lung and

I, I d b 16-19 I .ovary, rna Ignant me anoma an one sarcomas , mmunotoxms
cytotoxic for leukaemic cells have also been synthesized4,16,2o. When tested in
vitro these immunotoxins are exquisitely specific for target cells which
express the antigen recognized by the antibody component. They lack the
very high cytotoxicity of immunotoxins constructed with whole toxins since
the B-chain also plays an important role in the internalization of the A-chain
component. This is well illustrated by the enhancement of A-chain immuno
toxin cytotoxicity with so-called potentiating agents21 . For example, the in
vitro cytotoxicity of one immunotoxin for leukaemic cells is potentiated some
6700 times by the inclusion of ammonium chloride in the incubation
medium21 . Even more pronounced potentiation is achieved with carboxylic
ionophores and with monensin a 50000 fold increase in cytotoxic potency has
been reported. These potentiating agents probably function by modifying the
fate of immunotoxins following their entry into the cell, although their exact
mechanism of action is still unresolved22. Even with these limitations,
however, immunotoxins have high potency when compared with antibody
conjugates with cytotoxic drugs. This is illustrated by comparing the in vitro
cytotoxicity of conjugates constructed by linking one monoclonal antibody
(791 T/36) to methotrexate and ricin A-chain for a standard tumour target
cell17. When assessed by the dose in terms of methotrexate or ricin A-chain
producing 50% cell kill (ICso) the RTA conjugate (1.4 x 1O-lOmol/ L) was some
100-fold more cytotoxic than the methotrexate conjugate (1.5 x lO-smol/ L).

Other naturally occurring ribosome-inactivating proteins (RIP) are being
investigated for immunotoxin synthesil3

• These include RIPs which occur
naturally as single polypeptide chains such as gelonin, saporin and pokeweed
antiviral peptide (PAP). Although these natural A-chain RIPs are less
cytotoxic than two-chain RIPs like ricin, they can be readily linked to
antibody,

The in vivo efficacy of a number of immunotoxins has been demonstrated
by showing that they suppress firowth of human tumour xenografts in immu
nodeprived (athymic) mice1s, 16, 9. Active products include immunotoxins con
taining antibodies reacting with carcinomas of colon, breast and ovary and
malignant melanoma and osteogenic sarcoma. In addition, immunotoxins
reacting with T-cellleukaemias have been developed and these are also being
utilized for T-cell depletion in allogeneic bone marrow transplanation (see
Chapter 4).

Based upon the in vitro assay data and efficacy trials with human tumour
xenografts, immunotoxins are being evaluated for clinical trials. Initially it
was felt that because of their high potency immunotoxins might have
associated side-effects which would preclude their clinical use. A phase I
clinical trial in malignant melanoma patients with a ricin A-chain immuno
toxin constructed with an anti-melanoma antibody has established that this is
not the case lS

,

Immunotoxin was administered daily for 5 days to 22 patients with
metastatic malignant melanoma. Side-effects observed were a transient fall in
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serum albumin with an associated fall in serum albumin, weight gain and
fluid shifts resulting in oedema and mild hypovolaemia. Encouraging clinical
results were reported and on the basis of these studies a phase II clinical trial
is in progress.

The toxicity of immunotoxins will be dependent upon the reactivity of the
antibody component with normal tissues and will have to be assessed with
each new product. This is an important point since, as already referred to, the
monoclonal antibodies being used for immunotoxin construction are not
completely tumour specific, but do show some, albeit low, cross-reactivity
with some normal tissues. Related to this is the powerful influence of the RIP
component upon the biodistribution in vivo of immunotoxins. Thus several
trials with ricin A-chain immunotoxins have shown that there is rapid liver
uptake and detoxification24

•
25

. This is because the RTA moiety contains an
oligosaccharide structure which is recognized by receptors on the Kupffer
cells in the liver. On one hand this may be viewed as a disadvantage in that it
leads to rapid loss of available immunotoxin for targeting to a tumour site.
On the other hand it does provide a rapid means for detoxifying immuno
toxin and this may be advantageous in the clinical trials with immunotoxins
which are now being initiated in the treatment of malignant melanoma and
colorectal cancer.

Monoclonal antibody drug conjugates

Targeting of 'conventional' cytotoxic drugs conjugated to monoclonal anti
bodies is being developed as a means of improving their therapeutic efficacy.
This may result either from improved localization and/ or retention of drug in
tumours, especially metastatic deposits or by reducing normal tissue toxicity,
this being a major limitation in cancer therapy with cytotoxic drugs. There
are several pathways which can be exploited for antibody-mediated delivery
of drugs (Figure 3.2). Drugs may be targeted to tumour cells following anti-

Binding to
cancer cell
~

DRUG - ANTI BODY
CONJUGATE

Figure 3.2 Cell attack of drug-antibody conjugate
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. HCl

Figure 3.3 Chemical stucture of daunomycin (Dau)

body-conjugate binding to tumour antigen expressed upon the tumour cell
surface and, as with immunotoxins, exert their effects following
internalization and intercellular release of drugs. This is the preferred path
way of action, but requires that sufficient drug can be targeted to the tumour,
that the drug-antibody conjugate is stable and that the conjugate is efficiently
internalized and can undergo intracellular release of drug in an active form.

A cytotoxic drug may also be released extracellularly following antibody
conjugate localization in tumours and thereafter function as free drug. In this
case, conjugates can be targeted to tumour cell antigens as well as to extracel
lular antigens, and it also requires that the drug-antibody linkage should be
cleaved, e.g. through the action of enzymes present in tumour tissue. Finally,
drug-antibody conjugates may localize at the tumour cell surface and
thereafter function by producing cell membrane damage.

Chemical conjugation of drugs to antibody requires the availability of a
reactive functional group in the drug such as amino, hydroxyl or carboxyl
group. These reactive groups should also not be required for drug action
unless it is envisaged that they will become available following intracellular
release after internalization of the conjugate. For example, the sugar amino
group of daunomycin (Figure 3.3) is required for drug action and so it is not
an appropriate site for antibody linkage. In this particular case, this has led to
the synthesis of antibody conjugate through the carbon-14 position26

.

Cytotoxic drugs are also much less potent than the plant toxins used to
construct immunotoxins. It is thus necessary to introduce the maximum
number of drug residues whilst ensuring adequate retention of antibody
reactivity. This will be influenced by a number of factors still not very well
defined which include the size and charge of the conjugated drug and the
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site(s) of chemical conjugation in the antibody molecule. But in general,
substitution of more than ten drug residues/ antibody molecules will produce
an unacceptable degree of antibody damage. In some examples, e.g.
methotrexate linked to monoclonal antibody 791T /36, only as few as 3/4
drug group/ antibody molecules could be introduced27

• In comparison, con
jugation of the vinca alkaloid analogue vindesine (desacetyl vinblastine
amide) to an anti-melanoma antibody (96.5) at drug:antibody ratios up to
10: 1 yielded conjugates with adequate antibody reactivity28.

Drug carrier systems are being developed in order to increase drug
antibody levels27,29,3o. This involves first linking drug to carrier molecule
~hich has multiple combining sites and then the drug-carrier conjugate is
linked to antibody. Several 'carriers' have been used for drug conjugation
including human serum albumin, dextran and polY-L-lysine but all have limit
ations and research is now being directed towards the design of more

METHOTREXATE

30-40

]

LYSINE

SIDE CHAIN

-,

J
CYSTEINE

SIDE CHAIN
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LYSINE

SIDE CHAIN

Figure 3.4 General composition of the MTX-HSA-791T/36 antibody conjugate
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appropriate carriers. Nevertheless, these approaches have led to the
construction of drug conjugates with therapeutic potential. This is
exemplified by the design of methotrexate conjugates where methotrexate
(MTX) was first coupled to human serum albumin (HSA)26. The MTX-HSA
conjugate was then linked to antibody to yield products with the general
composition shown in Figure 3.4 containing 30-40 moles MTX/ mole
antibody. These conjugates are cytotoxic in vitro for tumour cells binding the
antibody and they suppress growth of human tumour cells. Based upon the
laboratory studies the MTX-HSA-79lT/36 antibody conjugate is being
entered into clinical trial in colorectal cancer.

The vinca alkaloid analogue vindesine (desacetyl vinblastine amide) has
also been used to construct antibody conjugates, in this case by directly
linking drug to antibody for clinical trial. Conjugates prepared by linking to
anti-CEA monoclonal antibody inhibit growth of xenografts of human colon
carcinoma xenografts31 and a product constructed using a monoclonal
antibody reacting with 'adenocarcinoma-associated' antigen has been
designed for clinical trial in lung carcinoma.

Tumour localization of monoclonal antibodies and drug conjugates

In vivo localization of monoclonal antibodies in human tumours has been
well documented in tumour imaging trials where patients injected with anti
body preparations labelled with ')I-emitting radioisotopes such as 1311 and
1IIIn have been imaged on a gamma cameral (see Chapter 2). Antibody
distribution in resected tumour and adjacent normal tissue in patients
injected with radiolabelled antibody for imaging studies prior to surgery also
demonstrated preferential antibody localization in tumour. For example, the
tumour to non-tumour ratio of radioactivity in colorectal cancer in patients
injected with 13 II-labelled monoclonal antibody 79lT/36 ranged32 from 2: 1 to
10: 1. This approach has been used also to show that methotrexate monoclonal
antibody 791 T/36 conjugates localize in tumour. In ten patients with primary
colorectal cancer injected with 1311-labelled MTX-791T/36 conjugate33 the
tumour to non-tumour ratio of 1311 was 3.9-2.1:1.

For effective delivery of agents linked to monoclonal antibodies the con
jugates should ideally uniformly penetrate regions of the tumour contributing
to its progressive growth and bind to most if not all individual tumour cells.
As already described, immunotoxins are only effective where the toxin moiety
is internalized and so tumour cell binding is obligatory in this approach.
Similarly, the most effective pathway of drug delivery is via drug-antibody
conjugate binding to tumour cells.

Autoradiography of tumour tissue sections obtained following injection of
radioisotope-labelled antibodies has revealed considerable variation in their
deposition. For example, in one study with monoclonal antibody 79lT/36,
localization in human tumour xenografts was predominantly at the periphery
of the tumour with only low levels of penetration34. Each monoclonal
antibody will probably have a characteristic tissue distribution pattern. So,
for example, an anti-CEA monoclonal antibody was shown to localize on
tumour cells when injected into mice bearing colon carcinoma xenografeS

(Figure 3.5). Another monoclonal antibody B72-3 produced a relatively
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Figure 3.5 Anti-CEA monoclonal antibody localized on tumour cells after injection into a mouse
bearing colon carcinoma xenograft

homogeneous staining of cells with antibody also being mucin-associatedJ6
•

Vascularization of the tumour and rate of extravasation spread of antibody
are important factors in penetration into tumours and the use of antibody
F(ab')2 and Fab fragments may aid extravasation. For example, tumour
localization tests with an anti-CEA monoclonal antibody (MAb35) in human
colon carcinoma xenografts showed that F(ab'h and Fab fragments gave 3.5
and 11.7 times higher tumour to non-tumour ratios37

• Heterogeneity of
antigen expression in tumour cell populations is a more fundamental prob
lem. Immunohistological staining of tumour with many antitumour
monoclonal antibodies shows that tissue staining is usually quite variable
with regions of intense antibody localization through to areas showing no
detectable reactivity. This heterogeneity of tumour antigen expression is
further illustrated by flow cytometry tests in which monoclonal antibodies
have been reacted with tumour cells derived from primary and metastatic
colorectal carcinomas38

• For example, positive binding with an anti-CEA
monoclonal antibody (C24) was observed with 92% of the cell preparations
isolated from 47 primary colorectal carcinomas. But the intensity of antibody
binding within tumour cell populations was quite variable, so that 8% did not
show significant reactivity, 11% showed weak reactivity, and 81% showed
moderate or strong reactivity. A similar degree of variability in reactivity has
been observed with other monoclonal antibodies reacting with colorectal
carcinomas38

• This has led to a further analysis aimed at defining the
numbers of monoclonal antibodies required in 'cocktails' to essentially 'recog-
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nize' all of the malignant cells. Thus in one trial on primary colon carcinomas
98% reacted with at least two of a panel of five antibodies.

CONCLUSIONS

The potential of monoclonal antibodies for targeting cytotoxic molecules to
tumour cells has been substantiated and clinical trials under way will
determine the efficacy of drug and toxin conjugates in cancer treatment. Even
so there are many features of this approach which require further
investigation in order to optimize in vivo efficacy of immunoconjugates. The
design of antibody conjugates has often been pursued on an empirical basis
but one now anticipates that attention will be given to the design of more
appropriate cytotoxic agents. These developments have to take into account
the mode of action of immunoconjugates following binding to tumour cell
membrane antigens. Immunotoxins are thought to enter cells by endocytosis
through smooth microinvaginations or coated pits of the plasma membrane.
Endocytosis of the methotrexate-antibody conjugates has been reported and
is thought to involve adsorptive endocytosis. A clearer understanding of
immunoconjugate internalization followed by release of cytotoxic agents
from lysosomes is required.

One of the most important aspects of this approach to cancer treatment
with murine monoclonal antibodies is the design of protocols which will
minimize the development of anti-mouse antibodies, since once this occurs
further therapy will be ineffectual. This is evident from imaging trials where
patients receiving multiple, but interrupted, injections of radiolabelled
antibody have developed anti-mouse antibody which has interfered with
tumour localization (see Chapter 2). The generation of anti-mouse antibody
will probably restrict treatment to a single course of antibody conjugate
treatment designed so as to minimize host responses to mouse
immunoglobulin. Alternatively, procedures will be required which prevent
the generation of antibodies to mouse monoclonal antibodies.
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4
Bone Marrow Transplantation
v. S. BYERS

INTRODUCTION

Over the last 15 years, a number of congenital and acquired disorders of the
haematopoietic and lymphoid system have been demonstrated to benefit from
allogeneic bone marrow transplantation (BMT). These diseases include
varying kinds of leukaemias, aplastic anaemia, and congenital immuno
deficiency disorders such as severe combined immunodeficiency syndrome
(SCIDS) and the Wiskott-Aldrich syndrome. BMT is also beneficial in
diseases with abnormalities in other haematopoietic progenitor cells such as
hereditary platelet defects, abnormalities in macrophages or osteoclasts
(Gaucher disease and osteopetrosis), or in diseases where a missing enzyme
may be provided to the tissues, e.g. mucopolysaccharidoses.

Bone marrow transplantation takes advantage of the fact that under proper
in vivo conditions the progenitor cells in the donor bone marrow will develop
into mature haematopoietic cells in the recipient. Under certain conditions, it
can be demonstrated that the circulating granulocytes, erythrocytes, platelets
and lymphoid elements are derived from the donor bone marrow, and that
neither the host lymphoid cells nor the donor lymphoid cells recognize the
other as foreign. The actual transplant procedure is fairly standard.
Heparinized marrow is harvested from an anaesthetized donor by multiple
aspirations from the anterior and posterior iliac crests of the pelvis and the
resultant 500-1000 cc of marrow (5 x 1010 cells) is pooled, heparinized, filtered,
and subsequently administered intravenously. Most recipients must be
intensively immunosuppressed prior to bone marrow transplantation. The
purpose of the immunosuppression is to ablate host immunocompetent cells
which could reject the graft, and to produce 'room' for the graft by
myeloablation. No preparatory regimen is required in transplants between
identical twins, nor in diseases such as SCIDS where the host immune
reponse is already compromised. However, in other diseases the preparatory
regimen, usually done during the week prior to transplant, must be intense
enough to produce pancytopenia involving all the haematopoietic elements.
Cytotoxic agents such as cyclophosphamide or total body irradiation are
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commonly used. Pancytopenia persists for 2-3 weeks after transplant,
followed by gradual haematologic recovery; blood counts and bone marrow
cellularity usually return to normal with 1-2 months. Analyses of gene
markers indicate the post-transplant haematopoietic cells are of donor origin.

Because of the ablation of host immune response during this recovery
period, the patient then becomes very susceptible to infections, and in fact,
infection is a major obstacle to successful BMT. Prior to engraftment these
infections include septicaemia due to fungi and enteric bacteria, and
disseminated infections due to herpes simplex or herpes zoster. During early
engraftment, infections which require mononuclear cell responses are
prominent, such as cytomegalovirus (CMV), and Pneumocystis carinii
pneumonia. Late in the post-transplant period, infections due to encapsulated
pyogenic bacteria predominate.

Experience with these complications has led to standard treatment pro
tocols. These include prophylactic acyclovir to combat herpes simplex, cotrim
oxazole for Pneumocystis carinii pneumonia, amphotericin in the case of
suspected fungal infections, and aggressive use of other antibiotics for bacterial
infection. Interstitial pneumonia caused by CMV remains a major cause of
mortality for which there is no treatment. In spite of these complications,
hower, BMT has markedly improved the survival rate of the diseases in which it
is used and is clearly indicated as a principal therapeutic modality.

CURRENT STATUS OF BONE MARROW TRANSPLANTATION

Leukaemia

In the 1960s it was recognized that intensive chemotherapy with multiple
agents was beneficial in treating patients with leukaemia. Increasingly
cytotoxic regimens were developed with the goal of depleting leukaemic cells
in order to effect remission. The side-effect was severe depletion of the normal
haematopoietic elements of the host. This led to the need for supportive
regimens including antibiotics and granulocyte transfusions to attempt to
support the host until the normal element could reform and, once again,
protect from infection. A logical approach to this problem has included bone
marrow transplantation. Until 1978, BMT was only used in patients already
refractory to conventional chemotherapy. Since then as the cytoreductive
regimens have become increasingly severe, it has become clear that many of
the patients with leukaemias benefit markedly from early BMT. Not only
does this permit chemotherapy without regard to haematologic toxicity, since
reconstitution is provided by the BMT; but there is a 'graft vs. leukaemic
effect' which also probably contributes to improved survival. This was
initially noted in transplants between identical twins, in which leukaemic
relapses were higher than in allogenic HLA-matched sibling transplants I,

Subsequently, it has been noted that decreased GvHD appears to correlate
with increased leukaemic relapse. Although the precise mechanism is unclear
this is proving a problem with techniques such as T-cell depletion of BMT
which successfully reduces GvHD.
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The ultimate test of the effectiveness of BMT is the long-term survival.
Because of the long follow-up, such data are just becoming available. In some
leukaemias initial promising results from BMT become less exciting when it
develops that the 5-year survival is the same with either BMT or conventional
chemotherapy because of increased death from GvHD or infection in the
former modality. Thus methods are being developed to reduce the incidence
of these side-effects.

Acute lymphoblastic leukaemia (ALL)

More than 50% of patients with ALL can be cured by conventional
chemotherapy. From 1971 to 1975, BMT was reserved for the relapsed, end
stage patient who had failed chemotherapy, and only 10-15% of those
patients became long-term survivors, with death due to infection, GvHD, and
leukaemic relapse. A graft v. leukaemia effect could be seen in these patients
since leukaemic relapse was less in allogeneic than syngeneic transplants.
Survival, however, in both groups was the same.

Since the mid 1970s, BMT has been performed on patients in remission.
This has resulted in about 30% long-term survival in patients transplanted in
second remission, compared with 0-5% in those receiving only conventional
chemotherapy. This led to the use of BMT during first remission in patients at
high risk for leukaemic relapse such as those with T- or B-cell markers on the
leukaemic cells, high white blood cell count or over age 21 at diagnosis.

To date, these results are difficult to evaluate. This is largely because of lack
of randomized single institution trials and lack of long-term follow-up. At
present, BMT is recommended for all patients in first relapse, second
remission, or later. Transplantation in high risk first remission patients should
optimally be done in protocols in which this modality can be c0mpared to
conventional chemotherapy2.

Acute myelogenous leukaemia (AML)

Although 60-80% of patients with AML achieve remission with intensive
induction chemotherapy, long-term, disease-free survival is achieved in only a
few patients even though chemotherapy is continued. Once relapse has
occurred the prognosis is dismal. Thus in the early 1970s, BMT was used for
relapsed patients, and a small but significant number of patients (10-15%)
attained long-term survival. The next step was to evaluate the use of high dose
shemotherapy, radiation, and HLA-matched sibling BMT for patients in first
remission. Most of these studies were not randomized and an encouraging
50-70% disease-free survival with BMT has been reported compared to the
most extensive chemotherapy programmes producing 20-60% disease-free
survival. There was a definite decrease in leukaemic relapse with BMT in all
studies. However, these studies also report problems with GvHD and graft
failure. Recently, three randomized single institution studies have been
reported comparing BMT with induction and consolidationj intensification
therapy, and all again report definite decrease in leukaemic relapse with
BMT. Thus, for example, one study3 found a relapse rate at 4 years of 35% in
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the patients treated with BMT compared with 90% in those treated with
conventional chemotherapy. However, the overall increased survival at 3
years was not improved to a statistically significant extent in the BMT group
in any study because of complications associated with BMT such as GvHD
and infectious disease4

• Also the performance status in the BMT group was
compromised by chronic GvHD. Nevertheless, all studies showed a trend to
improved long-term survival with BMT, and BMT is certainly indicated for
patients who have relapsed and who have suitable donors. BMT can also be
justified over conventional therapy for those patients in first remission at high
risk for leukaemic relapse or at low risk for GvHD. At present it can not be
stated that BMT is preferred over chemotherapy for other AML patients in
first remission but if the incidence of GvHD can be reduced, the potential of
this modality can be fully realized.

Chronic myelogenous leukaemia (CML)

Although conventional chemotherapy may improve the quality of life of
patients with CML, it does not delay or prevent blast crises or prolong life.
Median survival is about 3 years; less than 20% of patients are alive at 5 years
and there are no cures. The Philadelphia chromosome marks a clone of cells
that are very resistant to chemotherapy, and after transition into blast crises
only short remissions are attained with chemotherapy. The only chance of
cure for such patients is allogeneic BMT.

Initial studies on allogeneic BMT in CML patients with accelerated phase or
blast crises were very disappointing due to infection, leukaemic relapse, and
incomplete engraftment. However, the results of BMT in chronic phase have
been much more encouraging. Analysis of results submitted to an inter
national registry by 23 centres, published in 19845 concluded that although
transplant-related mortality of such patients was 30-35%, of those surviving,
the risk of relapse within 2 years after BMT was only 5-10%. Recently, a
study of allogeneic BMT for CML was performed comparing in a single centre
BMT in chronic with that in accelerated phase, and the results were similar to
those cited above. The survival rate among those transplanted in chronic
phase (median follow-up of 25 months) was 72%; among those transplanted
in advanced phase it was 18%. The probability of remaining in remission
among these survivors was 93% in those transplanted in chronic phase as
opposed to 58% in those transplanted in advanced phases6

.

Aplastic anaemia

Severe aplastic anaemia (granulocyte count less than 500 per mm3
, platelets

less than 20000 per mm3
) is lethal for over 75% of patients, more than half of

whom die within 6 months of diagnosis. Bone marrow transplantation can
improve survival from 23% to 57%. Although GvHD and infection, usual
complications of BMT, are seen here, graft rejection is a particular problem in
aplastic anaemia. It has been documented that the graft rejection is
characterized by initial successful engraftment followed by the replacement of
donor-derived haematopoietic and lymphoid elements with presumably cyclo
phosphamide-resistant host lymphocytes. The cellular characteristics of graft

58



BONE MARROW TRANSPLANTATION

rejection in patients with aplasia rejecting HLA-identical marrow transplants
are not known, and the donor alloantigens against which these cells react are
not defined. Graft rejection is significantly higher in patients who have been
tranfused extensively, suggesting that the sensitization has occurred through
prior blood transfusions .

Other indications

Bone marrow transplantation has long been the treatment of choice for
SCIDS. This uniformly fatal disease responds to BMT with a 50-90%
survival rate, particularly if transplantation occurs before the onset of debilit
ating pulmonary infections. The Wiskott-Aldrich syndrome, a sex-linked
disorder affecting the life span and/ or function of platelets and lymphocytes
and manifested by recurrent sino-pulmonary infections with pyrogenic
bacteria, herpes virus infections, eczema, and thrombocytopenia, is also
amenable to BMT after cytoreduction.

Other immunodeficiency disorders for which there is no current therapy
and which are candidate diseases for bone marrow transplantation include
ataxia-telangiectasia, bare lymphocyte syndrome, nucleoside phosphorylase
deficiency and chronic granulatomous disease8

.

HLA ANTIGENS

The antigen(s) involved in transplantation have been intensely studied. The
strongest of the alloantigens are those coded by the major histocompatibility
complex (MHC) locus on human chromosome 6. There are four clusters of
human leukocyte antigens (HLA) which are coded by this chromosome:
HLA-A, B, C, and D. The antigens are polymorphic and codominant; since a
given individual has two number 6 chromosomes he will express two different
sets of HLA antigens. The HLA antigens represent the major barrier to tissue
transplantation and, until recently, if this barrier were crossed, as in HLA-mis
matched donor-recipient pairs, the resultant GvHD was uniformly lethal.
For this reason acceptable donors for conventional (non-depleted) marrows
are HLA-matched siblings. Because one chromosome 6 is usually inherited in
toto from each parent, the HLA region is also usually inherited as an intact
HLA-A, B, C, and D haplotype. Thus, a patient with only one sibling has a
one in four chance that that sibling will be HLA identical. In practice, most
patients have more than one sibling so 40% of candidates have a suitable
donor.

GRAFT-VERSUS-HOST DISEASE

Graft-versus-host disease (GvHD) has been recognized for many years as
being initiated by engrafted immunocompetent donor T-Iymphocytes
reacting against alloantigens expressed on host cells, particularly cells of a
haematopoietic system. GvHD is most commonly manifested by a maculo
papular rash, hepatitis, and diarrhoea. These symptoms are accompanied by
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Table 4.1 Severity of individual organ involvement in graft versus host disease

Skin
+ I A maculopapular eruption involving less than 25% of the body surface
+2 A maculopapular eruption involving 25-50% of the body surface
+3 Generalized erythroderma
+4 Generalized erthyroderma with bullous formation and often with desquamation

Liver
+I Moderate increase of SGOT (150-750 IV) and bilirubin (2.0-3.0 mg/ 100 ml)
+2 Bilirubin rise (3-5.9 mg/ 100 ml) with or without an increase in SGOT
+3 Bilirubin rise (6-14.9 mg/ 100 ml) with or without an increase in SGOT
+4 Bilirubin rise to >15 mg/ 100 ml with or without an increase in SGOT.
Increases in SGOT were temporarily related to either the onset or worsening of the skin rash

Gut
Diarrhoea, nausea, and vomiting were graded + I to +4 in severity, and the severity of gut
involvement was assigned to the most severe involvement noted. It was difficult to quantitate
most of these manifestations except for diarrhoea

Diarrhoea
+I >500 ml of stool/ day
+2 > 1000 ml of stool/ day
+3 >1500 ml of stool/day
+4 >2000 ml of stool/ day

lymphocytic infiltrates into periarteriolar regions and into the dermal
epidermal junction of the skin, epithelium at the base of the tongue,
oesophagus, pharynx, and the crypts and villi of the small or large intestine,
with necrosis of host cells in involved tissues.

GvHD is graded according to clinical and histopathological parameters
(see Tables 4.1 and 4.2). When mild, GvHD can be manifested only by a

Table 4.2 Staging of graft versus host disease

Based on the severity and number of organ systems involved, patients are placed into four
categories

Grade 1 is +1-+2 skin rash without gut involvement with more than +I liver involvement, and
no decrease in performance status or fever.

Grade 2 is +1-+3 skin rash with either +1-+2 gastrointestinal involvement or +1-+2 liver
involvement, or both. All grade 2 patients exhibit a mild decrease in performance status and
some have fever.

Grade 3 is +2-+4 skin rash with +2-+4 gastrointestinal involvement with or without +2-+4 liver
involvement. All patients exhibit a marked decrease in performance status and many have fever.

Grade 4 is pattern and severity of GvHD similar to grade 3 with extreme constitutional
symptoms.
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transient skin rash; when more severe, the manifestations may directly lead to
death or so compromise immunologic and haematologic reconstitution as to
foster infectious complications causing increased morbidity or death.

Experiments in numerous rodent models have demonstrated that mature
T-lymphocytes cause GvRO after allogeneic marrow or spleen cell grafting.
GvRO does not occur in irradiated animals when the graft is devoid of
mature T-cells. Transplanted fetal liver cells or spleen cells from neonatally
thymectomized mice can reconstitute normal haematopoiesis without causing
acute GvRO. Furthermore, removal of mature T-cells from allogeneic donor
spleen cells with the use of anti-Thy-l heteroantisera, or monoclonal
antibodies, can prevent GvRO. As few as 3x 104 total T-cells can cause
GvRO in recipient mice with disparity only for non-R-2 minor histocom
patibility antigens. Prevention of lethal GvRO by removal of mature T-cells
has also been demonstrated in other species, specifically the rat, dog and
primates.

The aetiology of GvRO when it involves T-cell reaction against RLA
antigens is clear; however, acute GvRO also develops in 30-70% of patients
transplanted with RLA-matched bone marrow and may be a direct or
indirect cause of death in 20-40% of these affected individuals. It is generally
accepted that the reaction is initiated by the donor T-cells I, although the
antigens with which they react still remain unclear. Since the donors and
recipients are RLA-matched, the reactivity is probably directed against non
RLA antigens.

The development of grade II-IV GvRO after BMT is associated with
decreased survival. Roughly 40% of patients with grade II disease die or
develop chronic GvRO, and about 80% of those with grade III/ IV disease die.
Death may be either from GvRO or from infection, usually interstitial
pneumonia. The infectious deaths may be indirectly due to GvRD. Processes
such as virus-induced pneumonias are increased in patients with GvRO, and
rare in patients transplanted with an identical twin.

In the majority of patients, acute GvRO begins within 30 days post
transplant. The incidence and severity increase with age, as well as among
individuals prepared for transplant with total body irradiation. Marrow
transplants for older patients with chronic myelogenous leukaemia are
associated with an incidence of GvRO approaching 70%, and an increased
frequency of severe grade III/IV disease. Recent analysis from the Inter
national Bone Marrow Transplant Register of 1871 patients receiving RLA
identical sibling donors BMT indicated the overall incidence of GvRO grade
II or greater was 44%.

Apart from recipient age the risk was highest when female donors were
used for male recipients, especially if the donors had undergone pregnancy or
transfusion, increasing their risk of being sensitized to cell antigens.

Therapy of GvRO has included prophylactic methotrexate (MTX), anti
thymocyte globulin (ATG), cyclosporin, or steroids. Although these agents
continue to be used, controlled studies have not demonstrated the superiority
of a particular treatment over another or that any of these agents improve
survival. ATG carries the additional significant risk of anaphylaxis in
patients, particularly those with aplastic anaemia who have received it before.
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It also exhibits significant cytotoxicity to progenitor cells. However, most
centres include prophylactic MTX in their conventional (non-T-cell depleted)
allogeneic HLA-identical BMT regimens because of its relatively low toxicity
and the belief that it does help in preventing this complication. Most centres
are now increasing the mean age of their patients undergoing BMT and the
search continues for newer agents which will decrease the high incidence of
GvHD in these older populations. Recently Storb et al. lo completed a rand
omized trial of prophylactic MTX and cyclosporin A compared with
cyclosporin A alone in HLA-matched BMT. All patients engrafted, and there
was a significant decrease in grade II-IV GvHD in patients receiving both
drugs.

For established GvHD, steroids, ATG or both remain the standard
therapy. In a comparative study, both agents improved skin and gut
manifestations but liver involvement remained untouched. Overall there was
no difference between the two modalities. Other modalities are now being
evaluated, such as anti-T-lymphocyte immunotoxin, discussed later.

Bone marrow recipients are also at risk for a chronic form of GvHD, which
is clinically akin to scleroderma, with characteristic changes of the skin,
xerostomia, xerophthalmia, and malabsorption. This chronic GvHD with
associated infection is observed in 25-40% of long-term survivors of allogenic
BMT. Older patient age and prior acute GvHD increase risk of developing
this complication. Two forms of the disease are noted: those with disease of
skin and/ or liver only where the outcome may be favourable even without
treatment; and those with extensive (multi-organ) disease where there is only
20% survival without therapy. Prednisone and trimethoprim-sulphoxazole is
the usual treatment. Morbidity is due to contractures and pulmonary
obstructive disease. It is now being realized that GvHD is a disease of immune
dysregulation and death is usually due to bacterial infection. .

BMT FROM NON-HLA-IDENTICAL SIBLINGS

Because about 60% of BMT candidates lack HLA-identical siblings, other
methods are under investigation to expand the donor population. These
include haploidentical related donors, and HLA-matched non-related
donors. In one recent study with haploidentical donors it was found that such
grafts were associated with delayed engraftment and an increase in graft
failure, as well as acute GvHD. There was, however, no increase in leukaemic
relapse over patients given HLA-identical sibling grafts and there was no
difference in survivai li . These data are encouraging since they suggest that if
GvHD and graft rejection can be controlled, such grafts may be suitable for
BMT.

T-CELL-DEPLETED MARROW TRANSPLANTS

Since GvHD is initiated by mature T-cells in the donor bone marrow,
attention has been focussed on selectively depleting the marrow of such cells.
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This technique has reduced the incidence of GvHD in HLA-matched sibling
BMT, and for the first time, allowed the HLA barrier to be crossed, so that
HLA non-identical BMT can be accomplished.

In human transplantation, donor bone marrow usually contains about IOlO
nucleated cells of which 10-20%, or 1O~, represent mature T-cells. These
mature T-lymphocytes probably originate from blood co-aspirated with the
marrow. Since the entire marrow is transfused into recipients a substantial
number of mature T-lymphocytes are also infused. If 99% depletion of these
cells can be attained this could substantially reduce the donor cell burden.
Various methods have been used to deplete T-cells from bone marrow, and
those currently in clinical trials use soybean lectinj sheep red cells, or
monoclonal antibodies.

Much clinical experience has been gained with the serial use of soybean
lectin agglutin and E rosette formation both of which remove mature T
lymphocytes. It has reduced clinically significant (grade 11+) acute GvHD in
acute leukaemics from an incidence of 50-70%, to one of less than 5% among
HLA-matched sibling donor recipient pairs. It has virtually eliminated the
risk of chronic GvHD, and permits the use of HLA-haplotype mismatched
marrow grafts without risk of severe or lethal GvHD 12

•

Early investigations demonstrated that treatment of marrow with
unmodified murine monoclonal antibodies in the absence of exogenous
complement did not prevent GvHD, presumably because it did not produce
adequate depletion of T-cells. Several centres have demonstrated that
complement fixing monoclonal anti-T-lymphocyte monoclonal antibodies in
the presence of exogenous rabbit complement does produce depletion, and
cocktails of such antibodies are now being used. These are either complement
fixing murine monoclonal antibodies directed against one of the pan T
lymphocyte antigens which are used with rabbit complement, or rat IgM
antibodies such as CAMPATH 1, which fix human complement and can be
used in combination with the donor's own serum. A third type of depletion is
attained by anti-pan T immunotoxins which consist either of conjugates
of the plant toxin ricin, or of A-chain coupled to anti-T-lymphocyte anti
bodies.

Table 4.3 summarizes recently published reports from six centres.
Depletion of progenitor cells as measured by in vitro aS3ays is not a problem
with any of the techniques, and most studies demonstrated a significant
decrease in incidence and severity of GvHD if the depletion is at least 99%.

There is probably a threshold of the number of mature T-lymphocytes
which may be transplanted with bone marrows; and above this number the
incidence of GvHD is markedly increased. One centre reports that of 25
patients enflrafted with HLA-identical sibling marrows, those receiving less
than 1x 10 T-lymphocytesjkg did not develop GvHD, while 50% of those
receiving 1-4 x 105 T-cellsl kg developed skin GvHD13

• This suggests that 99%
T-cell depletion is necessary to prevent GvHD in HLA-matched BMT.

T-cell depletion methods have, for the first time, allowed the use of HLA
mismatched transplants without the high incidence of GvHD which char
acterizes non-depleted marrows. Non-matched donor-recipient pairs have
seldom been used in the past. With T-cell depletion from familial marrows,
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BONE MARROW TRANSPLANTATION

the rate of GvHD in recipients of HLA haplotype-mismatched marrows at
one centre has decreased from 100% to about 10%12.

With the decreasing incidence of GvHD, most centres which perform T-cell
depleted marrow transplants in patients with leukaemia have reported an
increase in graft failure and in leukaemic relapse as the main complications.
Among recipients of HLA-matched, unmodified bone marrow for the
treatment of leukaemia, there is an incidence of graft failure less than 1% and
only a 5% incidence of marrow rejection in HLA non-identical recipients. In
contrast, a high incidence of graft failure is being reported in both HLA
matched and HLA-mismatched recipients ofT-cell depleted marrows. In one
study of 42 patients, 10% of HLA-identical marrow recipients and 50% of
HLA-non-identical marrow graft recipients of T-cell depleted marrows
developed graft failure 12. The mortality with graft failure is extremely high
because of the high failure rate of regrafting. The reason for this increased
rate is multi-factorial. One factor may simply be removal of progenitor cells.
Although in vitro assays indicated progenitor cells are retained by the
depletion techniques, these assays are very inaccurate and have been shown in
other systems to correlate poorly with success or failure of the graft. Another
reason may be the non-specific removal of cells which secrete necessary
soluble factors required for engraftment. The most disturbing finding,
however, is graft rejection: a host vs. graft effect. This was first noted in
aplastic anaemia patients undergoing conventional BMT and was associated
with increased antecedent transfusions in the recipient with presumed allo
immunization . It is now developing in the T-cell depleted grafts; typically
haematopoietic recovery in the recipient occurs initially in a normal fashion,
and bone marrow and peripheral blood studies reveal increasing numbers of
myeloid cells of donor origin. However, the patients then experience an
abrupt decrease in the number of circulating neutrophils, with replacement of
donor marrow elements by T-cells and histiocytes of host origin. Second
engraftment is very difficult.

Initial reports suggest that graft failure/ rejection occurs at about the same
frequency with all current methods of T-cell depletion although the numbers
are too small to make definite conclusions. Various approaches have been
suggested to prevent rejection of T-cell depleted marrow grafts. These include
increased radiation doses used for preparatory cytoreduction l4 and more
aggressive methods for post-transplant immunosuppression of the host.

Another problem is the higher incidence of leukaemic relapse beginning to
be reported in recipients ofT-cell depleted BMT. It has been known for some
time that, although transplants between identical twins produce neither
GvHD nor graft rejection, the incidence of leaukaemic relapse is higher with
these donor-recipient pairs than in non-twin recipients of HLA-identical
sibling grafts, and part of this is probably a graft v. leukaemic reaction of the
transplanted T-cells. Since the T-cell depleted grafts have a lower incidence of
GvHD than conventional grafts, there is concern that leukaemic relapses may
be greater. Randomized trials are under way to explore this point. In one such
study" a significant increase in leukaemic relapse occurred in the group which
received depleted marrows (36%), as opposed to the recipients of
conventional transplants (OJ 10), and I-year survival was actually higher in the
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conventionally transplanted group. In another study with CAMPATH-I
depleted BMT in CML, the incidence of GvHD was substantially reduced in
T-cell depleted BMT patients but leukaemic relapse was increased 16

•

AUTOLOGOUS BMT (ABMT)

Leukaemias

Even with depletion procedures, allogeneic BMT is limited by GvHD and
infection. These problems increase with age so patients over 40 years of age,
as well as those with no suitable donors, are ineligible for this modality. One
alternative is to treat those patients with autologous BMT using marrow
obtained during remission and stored until relapse or until elective intensive
chemo j radiotherapy is completed. Experience with BMT between identical
twins has shown that both GvHD and infection are reduced with this
modality. If autologous marrow could be obtained free of tumour cells,
similar results might be obtained. The results of initial trials have not been
encouraging, however. Thus, for example, one study treated AML patients in
relapse with chemojradiotherapy and autologous BMT collected from
marrows when patients were in first or second remission. Only 5% showed
long-term survival as compared to 24% of similar patients treated with BMT
from identical twins21

• This underscores the additional problem with such
techniques: one does not know if the relapse was peripheral or from tumour
cells infused with the BMT. For this reason, attention was turned to purging
autologous BMT with monoclonal antibodies directed against antigens on the
tumour cells but which spare the progenitor cells. Several studies have used
monoclonal antibodies (mabs) directed against the common acute lymphocytic
leukaemia antigen (CALLA) present on about 70% of the patients with ALL.
Such mabs do not destroy the progenitor cells and allow effective
engraftment. However, the long-term survival of such patients was relatively
poor22

, and lack of randomized studies make it difficult to compare long-term
survival with that of patients treated with allogeneic BMT. The central
problem with this modality remains the difficulty of determining if relapse is
due to inadequate chemojradiotherapy, inadequate BMT purging, or the loss
of an antileukaemic effect which would be produced by allogeneic BMT.

Solid tumours

Several solid tumours are being considered for autologous BMT with purged
bone marrows. One of these is small bronchogenic carcinoma. This tumour is
quite responsive to chemotherapy with approximately 60% complete
remission rate, but few of these are durable. There is a dose-response effect of
most of the drugs active in this disease, and the drugs are also predominantly
toxic to bone marrow. This suggests that supratoxic drug therapy with
autologous BMT could improve survival in the disease. Since the tumour is
haematogenously spread and a large number of patients have contaminated
marrows at presentation, in vitro purging should be beneficial. One study
carried out with non-purged bone marrow did indicate haematopoietic
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recovery was attained but the rate of long-term survival was disappointing21
.

Nevertheless, this approach with mab purged marrows continues under
investigation in solid tumours including breast and neuroblastoma.

CONCLUSION

Allogeneic BMT is now an established modality in acute leukaemias and
chronic mylogenous leukaemia at certain phases. It is at least as good as
conventional chemotherapy at producing long-term survivals in acute
leukaemia. Chronic myelogenous leukaemia is still under investigation but
since the Philadelphia chromosome-bearing cells are very refractory to
chemotherapy, it is anticipated that CML in first remission may prove to be
the clearest indication of all the leukaemias for BMT. BMT has been the
primary therapeutic modality in aplastic anaemia and immunodeficiency
disorders for several years, and its benefit in these diseases is clear.

Since only 40% of candidates for BMT have suitable HLA-matched related
donors, attention has turned to other methods by which this pool can be
expanded. These include HLA-haploidentical related donors (matched at
only one of HLA genomes), HLA-matched non-related donors, and HLA
mismatched non-related donors whose marrows are depleted of T-cells prior
to transplant. It is probable that any of these donor pools will prove suitable
once adequate T-cell depletion methods are established.

The complications ofT-cell depleted BMT are increased leukaemic relapse
and graft failure/ rejection. In part these are probably an inevitable result of
decreased GvHD since it is known that syngeneic BMT also has an increased
incidence of leukaemic relapse. However, there is hope that more selective
removal of T-cells, or exogenous addition of soluble factors may ameliorate
graft failure/rejection and leukaemic relapse. T-cell depletion is the most
important advance in BMT for many years. Its importance has already been
demonstrated and it is hoped that additional refinements will occur in the
next several years that will allow the technique to be expanded to additional
patients both by establishment of new clinical centres with experience in this
modality and by recruitment of additional (non-HLA-matched) donors.
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5
Immunomodulating Agents
B. M. vaSE

A major factor limiting the eradication of malignant disease from cancer
patients is the early appearance of metastatic foci. While surgical and
radiological intervention can be used to treat the primary tumour, it is these
secondary deposits which are the targets for systemic therapeutic modalities.
The finding that metastases show considerable phenotypic variation,
including the evolution of clones which are resistant to available chemo
therapeutic drugs, has had an impact on drug scheduling and has altered the
direction of research in this area. In addition to programmes seeking new,
more effective or less toxic cytotoxic agents exploiting differences between
normal and tumour cells, considerable interest has been shown in the
possibility that augmentation of the immunological host defence against can
cer could lead to therapeutic benefit. The spectacular accumulation of
knowledge of the molecular mechanisms controlling the immune system and
the description of a variety of different effector cells in the antitumour
response engender great optimism that immunotherapy will become a
fourth arm of cancer treatment in addition to surgery, radiation and
chemotherapy. A major research effort is being applied to the search for
immunomodulating agents which seek to alter the balance of the tumour
host interaction.

At least three routes to effective manipulation of the immune system can be
considered:

(I) Defined small molecular weight chemical entities,
(2) Microbial products, a category including Bacille Calmette Guerin

(BCG) and Corynebacterium parvum which have been widely tested for
their effects in cancer patients and which brought about much of the
early optimism for an immunological approach to cancer treatment,
and

(3) Lymphokines and cytokines - the products of the immune cells
themselves.

Each of these different approaches may yield products with influence parti
cular parts of the antitumour response. Before reviewing the different
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approaches which may yield therapeutically useful agents, it is appropriate to
consider the nature of the defence mechanisms which will be the targets for
immunomodulators.

THE IMMUNE RESPONSE AGAINST HUMAN CANCER

There is an undoubted role for the immune system in protection against some
induced malignancies in experimental animals as evidenced by the resistance
of animals to tumour challenge following immunization (see Chapter 1). It
has, however, proved more difficult to obtain definitive data showing the
capacity of spontaneous animal tumours and human cancer to evoke an
effective, specific host response. In spite of these problems, there is now
sufficient information from many sources to conclude that human tumours
can be subject to attack by a variety of different cell types including cytotoxic
T-cells, macrophages, natural killer cells and the more recently described
lymphokine activated killers (LAK). Each of these effectors employs different
lytic mechanisms so that the cells of different tumours may show sus
ceptibility to a spectrum of killer cells. While there appears to be no
universally effective surveillance system against the initiation of the malignant
process, the possibility is high that augmentation of at least some of these
functions by immunomodulators will lead to clinical benefit. In addition, the
finding that many of these effector cells secrete proteins which are themselves
lytic for transformed cells such as tumour necrosis factor, lymphotoxin and
natural killer cytotoxic factor offers the possibility that these molecules may
also be clinically useful as they become available as recombinant DNA
products.

Two important factors influencing the feasibility of an immunological
approach to cancer therapy must be that the antitumour effector cells
identified in in vitro studies are present at the tumour site or can be induced to
localize there and that the phenotypic variability among metastases
mentioned above does not lead to loss of the critical surface determinants
which the effectors recognize. The major emphasis of the published work has
centred on the investigation of antitumour effectors in the blood, spleen or
peritoneal «avity. The data obtained have revealed an impressive array of cells
with the ability to lyse tumour cells, but are of limited value in predicting the
relative importance of different immunological components in cancer control
since sequestration of reactive cells in the tumour may lead to a
corresponding depletion in the periphery. Conversely, cells in the circulation
or resident if different organs could, because they do not enter the tumour,
have little relevance to the therapy of established disease (though they may
have considerable efficacy against blood-borne metastases). Increasingly,
studies are directed towards measurement of effector function at other, less
easily sampled compartments!.

The nature of the in situ antitumour response has been reviewed recently2.
Monoclonal antibodies have allowed the immunohistological detection of
macrophages and T-lymphocytes in many neoplasms. A limited number of
observations, suggesting that the presence of inflammatory infiltrates is a
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favourable prognostic sign in some tumour types, testifies to their biological
significance. There have also been functional studies which point to the
effector role of the cells infiltrating both human and experimental tumours.
Cytotoxic T-Iymphocytes and their precursors and cytolytic macrophages
have been isolated from malignant tissue and have the capacity to kill
autologous tumour cells. Surprisingly, cells ofthe NK phenotype, which have
been the subject of much recent discussion, have been found only rarely in
human tumours and isolated cells express poor lytic activity against suscept
ible cell lines. This, together with the low susceptibility of freshly isolated
tumour cells to lysis by blood effectors, argues against a major role for NK in
control of established cancer and their true biological importance awaits
definition.

The immunological response to malignancy, as evidenced by the finding of
different effector cell types, encourages consideration of immunotherapy even
though the nature of the cancer cell surface determinants, critical for effector
cell recognition, remain unknown. However, it is also clear that, by a number
of criteria, the immune system of cancer patients can become increasingly
compromised with progressive disease. This diminished responsiveness has
been attributed to the appearance of cells which down-regulate the immune
system (suppressor cells) and which have the phenotype of monocytesjmac
rophages or T-Iymphocytes. This, together with other mechanisms by which
tumours may escape the effects of the immune system (antigen shedding or
modulation, tumour heterogeneity) means that the goal of the cancer immuno
therapist will not be easy and any attempt to intervene in the complex pattern
of the host-tumour relationship will be successful only when the critical
effectors are identified. The simplistic view that a general boost of the
immune system with all its interactive components will lead to arrest of
tumour growth seems naive.

TARGETS FOR IMMUNOMODULATION

Consideration of the host response to tumour suggests several targets of
immunomodulation. These include the macrophage, cytotoxic and helper
T-cells, suppressor cells and natural killer cells. The evidence for a role of
these cells in the reaction against cancer and means by which their activity
might be increased or controlled will now be considered.

Macrophages

There is evidence that both animal and human tumours contain significant
numbers of macrophages recognizable cytochemically, immunologically and
functionally (reviewed in ref. 2).

An increasing number of studies have reported that these cells, at an
appropriate stage of activation, show selective and efficient lytic activity
against tumour cells while leaving non-transformed cells intact. They may
also inhibit cell division without inducing lysis (cytostasis). The cytolytic
process is mediated only after cell-cell contact but proceeds via the secretion
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of a multiplicity of soluble products including cytolytic proteases, oxygen
radicals, arginase and complement breakdown products as well as tumour
necrosis factor. Activation to the tumoricidal state involves two separate
signals - Iymphokines derived from T-Iymphocytes and endotoxin3

• Respon
sive macrophages, after treatment with Iymphokine, are primed to respond to
endotoxin and express their full cytolytic potential. One of the Iymphokines
involved in this activation process is y interferon but evidence is emerging
that other macrophage activating factors are also effective4

.

The potent and antitumour-selective effector function of activated
macro~hages has made them prime candidates for immunomodulation and
several groups have now shown that it is possible to induce increased tumour
protection in animal models by this route. Much of the attention has focussed
in two areas - natural products of bacterial fermentation and macrophage
activating Iymphokines. However, it is important to recognize that macro
phages may also have the capacity to down-regulate immune reactivity and
act as suppressors of NK and lymphocyte function and may induce other
effects such as intravascular aggregation of neutrophils or production of
neutral proteases such as collagenase, which actually increase the metastatic
spread of tumour cells. This adverse activity of transferred macrophages is
exemplified in recent studies of Gorelik et al. in which transfer of
macrophages elicited by thioglycollate medium increased the number of
metastatic foci of Bl6 melanoma in the lungs of injected mice5

• Thus,
activation protocols need to be monitored to ensure that cytolytic and not
suppressor functions are increased. An imporant marker of this process may
be decreased RNA synthesis and imbalanced accumulation of ribosomal
RNA which occurs as cytotoxic but not suppressor functions are increased6

.

A leading group in the studies of macrophage activators in cancer
treatment is that led by Isiah Fidler. In a series of elegant studies this group
has been able to obtain impressive therapeutic benefit in animal models by
inclusion of a variety of activators in liposomes. The in vitro activation of
human monocytes to a tumoricidal state has also been described7

,8. Two
critical points emerge from these data:

(I) That a variety of agents derived from bacterial fermentation including
muramyl dipeptide (MDP the minimal material of BeG which has
adjuvant activity) and its lipophilic derivatives as well as Iymphokines
such as y interferon, which augment macrophage activity in vitro
induce antitumour effects in different animal models, and

(2) That incorporation of material in multi-Iammelar vesicles leads to a
considerable increase of the efficacy of these activators by targeting the
molecule to the reticuloendothelial system and by prolonging the
persistence of the stimulator in the body.

These findings, together with those of other authors using different agents,
clearly point to the potential of macrophage activators in tumour therapy and
work is proceeding towards the enhancement or prolongation of activity. The
findings that lipophilic muramyl peptide derivatives such as MTP-PE [N
acetylmuramyl-L-alanyl-D-isoglutamy I-L-alanyl-2-( I',2'-dipalmitoyl-sn
glycero-3' phosphoryl)-ethylamide] show more potent effects and that they
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are also active as antitumour agents following intranasal application9 indicate
the likely future direction of this work. Studies to identify other bacterial
products with biological activity, such as OK432 (Picibanyl) derived from
streptococcal cell walls and RU 41.740 (Biostrim) from Klebsiella pneumoniae,
are also proceeding.

It would serve little purpose to list the bacteria, extracts, defined chemicals
and lymphokines which, by a variety of in vitro and in vivo assays, are able to
activate macrophages to a tumoricidal state. Suffice to say that the
foregoing discussion points out the potential and limitations of a therapy
based on this premise. Much further work is required before an agent of high
efficacy but devoid of the toxic consequences of macrophage activation, such
as pyrogenicity by release of IL-l and induction of adjuvant arthritis in
experimental animals, reaches the stage of acceptability for treatment of
cancer patients.

Natural killer cells

Natural killer cells were first identified in studies in which the cytotoxic
potential of patients' lymphocytes was assessed against cultured tumour cells.
It became apparent that a subpopulation of leukocytes of distinct
morphology (the large granular lymphocytes) and phenotype had the capacity
to lyse cells of malignant origin without evidence of a requirement for pre
exposure of the host and these natural killer cells were promoted as an
important defence mechanism against transformed cells and in control of
metastases. This view was supported by the observation that congenitally
athymic nude mice, which lack T-cells but have heightened NK activity, show
no increased susceptibility to spontaneous or induced malignancy. It soon
became apparent that the cytolytic activity of natural killer cells could be
augmented by a variety of agents including BCG and C. parvum as well as by
other agents which induce interferon production. Indeed, a major element in
the considerable optimism surrounding early research on interferons as
anticancer agents was their potent immunomodulating activity on NK cells in
vitro. Clear evidence that interferons increased both the number of lytic cells
and the recycling time of the lytic process encouraged monitoring of their
effects on NK function in clinical trials with cancer patients. The results of
these studies have led to a reconsideration of the importance of NK cells as
targets for immunomodulation. While first exposure of patients to the
interferons resulted in a marked rise in NK cell activity, prolonged exposure
was associated with a diminished activity and cells became refractory to
further treatment lO

• Other agents which effectively boost NK cell function
after a single treatment, such as maleic anhydride divinyl ether (MVE-2) and
C. parvum show a similar development of hyporesponsiveness to augmenta
tion after multiple treatments in animals' '. The use of the same agents has not
resulted in hyporesponsiveness of macrophages to increase of cytolytic
function 11. Thus, many agents have the capacity to increase NK cell activity in
vitro and upon a single exposure in vivo. Before these agents make any
impact upon the host-tumour relationships means must be found to
overcome what is clearly a major limitation on their therapeutic use where it
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is likely that prolonged treatment will be required. In this context it is of
interest that a newly defined chemical stimulator of murine NK activity LS
2616, when administered in the drinking water, induced a prolonged increase
of lytic function by recruitment of new target binding effectors12

•

As pointed out above the natural killer cells appear to have certain
limitations as a target for immunotherapy since they are generally poorly
represented in tumours and freshly isolated tumour cells, in contrast to those
maintained in culture, are most frequently refractory to NK lysis. However,
there is sufficient in vivo evidence from animal models to justify further
studies of modulatory agents on these effectors prior to clinical trials.

T-Iymphocytes

Modern immunology has identified the helper T-cell as a central controlling
element in responsiveness to foreign antigen. Interaction between antigen
presenting cells and T-cells which is tighly controlled by histocompatibility
antigens leads to the elaboration of soluble protein factors (lymphokines)
which markedly influence the activity of other cells of the immune system.
These factors, several of which have now been gene cloned, induce the
proliferation and maturation of T-cells, B-cells, NK cells and macrophages
and thereby bring about the elimination of the antigenic insult (Figure 5. I).
To the extent that malignancies are subject to immunological control it is the
helper T-cell which orchestrates the antitumour response.

pre-LAK

Direct lysis
NKCF

Arginase Direct lysis
TNF LT
Neutral proteases t

/IL-1 SuppressorT-celis CYTOTOXIC

MACROPHAGE 1SF y' T-CELLS
.~ IL-2Y-IFN

CSF Pa~~~;ntiation
MAF

:~~1 y-IFN helperT-celis

:~y~
Pre-NK----l..~ fATU~~tL~LLER 1"

Direct lysis

Figure 5.1 Cell interactions in the induction of antitumour lytic activity. IL-I interleukin I; IL-2
interleukin 2; y-IFN interferon y; MAF macrophage activating factor: CSF colony stimulating
factors; LT lymphotoxin; TNF tumour necrosis factor; NKCF natural killer cytotoxic factor; SF
suppressor factor
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It is an area some controversy as to whether a specific response to
malignancy involving T-cell activation is evoked. The early literature in
tumour immunology fully supported their role in protection against disease.
However, this view was challenged by a series of observations that:

(I) Athymic animals which lack T-cells showed no greater susceptibility to
neoplasia than their normal litter-mates, and

(2) In spontaneous animal tumours little evidence of host responsiveness
was apparent13

•

In human tumours, efforts to define a specific antitumour response
mediated by T-cells using a variety of in vitro technologies have yielded
conflicting results. Nevertheless, data continue to accumulate on the involve
ment of T-cells in malignant disease. A particularly important finding in this
context was the T-lymphocytes from cancer patients could be stimulated into
proliferation by exposure to autologous tumour cells and could also manifest
highly specific cytotoxicity for these cells but not for allogeneic cells of the
same tumour type or normal cells (see Chapter 7). Extended follow-up studies
have revealed that these reactions show close correlation with patient
prognosis with reactors found only rarely in patients with metastases at the
time of operation, suggesting that these in vitro responses reflect real
antitumour effector mechanisms 14. 15. It has also been possible to show the
presence ofT-cells of both the helper and cytotoxic/suppressor phenotype in
human malignancies which show enhanced activit1 in both cytotoxic and
proliferative assays against autologous tumour cells. Thus, the tumour is not
immunologically inert. T-cell lines and clones with highly specific activity
against tumour cells can be obtained from human neoplasms of different
types. In several experimental systems it has been possible to transfer
resistance to disease using specific T-cell lines with antitumour reactivity16.

As a central cell in the antitumour response the augmentation of helper
T-cell function or the elimination of suppressor cells which limit their
function must be desirable targets for the tumour immunotherapist. Several
agents have now been described which do indeed have this activity. The first
of these to be investigated was levamisole, the laevoisomer of tetramisole,
which was introduced as an anthelmintic for animal use. Studies by Renoux17

point to the fact that this agent has augmenting effects on the immune system
with the principal effects being on the T-cell system. These effects appear to
be mediated, at least in part, by the induction of a thymomimetic serum factor
which increases T-cell maturation. Many other agents with similar actions
have now been identified. These include imuthiol, isoprinosine, azimexon,
ciamexon and NPT 15392, all of which are small molecular weight defined
chemical entities, and lentinan and glucan - high molecular weight
carbohydrates. Recent studies sUfgest that the antitumour effects of retinoids
may also be T-cell dependene in spite of their activity as macrophage
activators. Agents of this type show antitumour effects in a range of animal
models and have been used with varying degrees of success in clinical trials
against advanced malignant disease.

There is a general consensus that these compounds do have immuno
modulating activity which is best revealed in systems in which immune
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responsiveness is compromised. Thus, while they may have little effect in the
intact host, they are able to restore T-cell function and numbers in situations
in which these are diminished. The further evaluation of these agents in
cancer treatment is now in progress, as is the search for more effective agents.

One of the problems encountered with agents of this type is that they may
influence both arms of the T-cell circuit, i.e. they can boost the activity of
both the helper and suppressor subsets. This has been shown, for example,
with both azimexon and NPT 1539219

• It is possible that the agents are of
limited efficacy because they stimulate two antagonistic effector arms.

A promising area of research is, therefore, to turn away from the general
stimulation of T-cells towards molecules which effect single functions 
augmentation of help or inhibition of suppression. Exciting progress in
identifying such compounds is now being reported. Studies by Umezawa have
revealed a compound (Bestatin isolated from Streptomyces diverticuli)
which acts as a potent competitive inhibitor of the lymphoid cell surface
enzymes, aminopeptidase B and leucine aminopeptidase, and which effect
ively reduces suppressor cell function in man. It also increases T-cell numbers,
delayed type hypersensitivity responses and augments both NK and
macrophage activity20. A further microbiological product, Oxenosine, has
similar effects on suppressor cell generation. The preliminary data available
with these compounds suggest that selective elimination of T suppressor
subsets may be beneficial to the cancer patient20 as in experimental models21

.

A similarly effective inhibition of suppressor cell function has been
achieved by use of the selective H2 antagonist cimetidine. Studies by a number
of groups have shown that incubation of lymphocytes with histamine leads to
the activation of suppressor T-cells and release of suppressor factors22

. The
effect can be mimicked by antagonists selective for the H 2 but not for HI
receptors and can be blocked by H2 antagonists such as cimetidine. This
compound has been shown to allow increased survival of animals bearing
tumours and, in man, antitumour effects have been noted in patients receiving
cimetidine alone23 or in combination with interferon24

• In these human studies
the mechanism of the antitumour effect is unknown since no consistent
changes in immunological parameters were apparent. The effect of cimetidine
in augmenting NK cell activity as well as its effect on suppressor cells are
known.

These studies with cimetidine are important because they highlight an area
in which comparatively little work has been done - the pharmacology of the
lymphocyte. As stated above, there is now clear evidence that lymphocytes
express receptors for histamine. There are further studies which establish the
presence of receptors for prostaglandins, leukotrienes, adrenaline and
hormones. There is also enormous interest in the neuropeptides as immuno
logically active agents and several studies indicate the potent effects of these.
It seems likely that further progress in this area will yield products with potent
immunomodulating activity.

Lymphokine activated killers (LAK)

It has become apparent that, in addition to the classically defined cytotoxic
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T-cell and the natural killer cells, a further lymphoid cell population can
manifest potent lytic activity against tumour target cells - the Iymphokine
activated killer cells25

. The precursors of LAK can be induced to lytic activity
by exposure to the T-cell-derived Iymphokine interleukin-2 and are then able
to lyse a range of NK resistant targets including freshly isolated tumour cells
but not normal cells. These precursors can be distinguished from both T-cells
and NK cells on the basis of surface phenotype and are found in several sites
including bone marrow, thoracic duct and within the tumour mass26

•

Evidence27 now points to the fact that these LAK cells can mediate potent
antitumour effects in animal models when co-administered with recombinant
interleukin-2. More importantly, therapeutic effects have now been seen in a
preliminary trial in man with objective remission observed in 11 of 25 patients
with a variety of different tumour types previously shown to be resistant to
conventional therapy28.

The protocol used in this trial involved stimulation of large numbers of
patients' leukocytes obtained by repeated leukophoresis with recombinant
IL-2 for 3 days. Stimulated cells were then reinfused together with IL-2.
While the possibility of passive cell therapy of cancer has been discussed for
several years29 this report is, to my knowledge, the most dramatic example of
its successful application and clearly indicates the high potential for immuno
therapy of a broad spectrum of human malignancy. Much remains to be done
to optimize the treatment but, for the first time, we have an example of
successful therapy by a defined effector mechanism of experimental and
clinical cancer. It should do much to encourage further effort in the search for
alternative immunologically-based therapeutic modalities.

DIFFERENT CATEGORIES OF IMMUNOMODULATORS

It is clear from the foregoing discussion that many products have been
developed which show immunomodulating activity. It is outside the scope of
this report to detail the studies which have been performed with them to
identify their activity profile. The interested reader is referred to a recent
pUblication30

• As stated previously, the search for active agents has
concentrated on products of biological origin such as micro-organisms (BeG
and C. parvum) and extracts at various stages of purification, on natural
products and their analogues (retinoids, lentinen) or on synthetic compounds
(levamisole, cimetidine, isoprinosine). A further compound group which has
come to the fore since the introduction of molecular biology has been the
products of the immune system such as Iymphokines and cytokines. Several
of these molecules are now available in amounts which enable investigation of
their clincal efficacy. Amongst these are interleukin-2 which has potent
stimulatory activity on T-cells, NK cells and B-cells and which is the inducer
of LAK activity, and y-interferon which is a potent macrophage activator
and B-cell differentiation inducer, and colony stimulating factors which
expand different populations with the granulocyte/macrophage series and
may be useful as promoters of bone marrow proliferation, so overcoming the
depletion of neutrophils induced by conventional tumour therapy protocols.
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In addition, protein products directly toxic for tumour cells - lymphotoxin
and tumour necrosis factors - are now available and undergoing clinical trial.

The interferons were the first of this type of product to undergo extensive
testing. From the beginning it was unclear which of the several properties of
the interferons was of major importance in any antitumour effects 
antiproliferative or immunomodulating. It was for this reason that testing of
interferons escalated to the maximum tolerated dose as would be appropriate
for a standard cytotoxic rather than the determination of an immunomod
ulating dose. Indeed, the efficacy of the interferons as immunomodulators in
man must still remain in doubt since few studies have addressed the problem.
This raises the whole question of what would constitute a satisfactory trial of
immunomodulators given that, with the majority of defined chemical entities
tested to date, the window of dose giving effects on the immune system has
been small. The testing of new classes of anticancer agents will require re
evaluation of trial design if meaningful data are to be obtained. Certainly the
determination of maximum tolerated doses in advanced cancer patients, in
whom the immunological apparatus is already compromised, appears ques
tionable. The known species differences in response to some immunomod
ulators and the species specificity of products of the immune system further
complicate this situation.

The testing of products in animal models of dubious relevance to the
human disease must be of limited value in study design although it may give
information on efficacy and delineate the potential sites of action of the agent.
The trials in animals of the LAK system had a major impact on the develop
ment of the clinical protocol. The process of trial design must then involve
careful evaluation of the effects of treatment on immunological activity of the
critical effector system. There is a widely held opinion that immunomod
ulators are likely to be effective only in the presence of limited residual disease
or as adjuvant therapy with or without contemporaneous treatment with
more conventional agents. Their testing as single agents in advanced cancer
patients who have failed to respond to other treatment modalities appears
therefore to be unnecessarily restrictive.

IMMUNOMODULATORS - A PERSPECTIVE

Modification of the immune response of the host against his cancer to obtain
therapeutic benefit can be viewed either with an optimism based on the
efficacy of many of the agents described above on cancer in animals or with a
pessimism based on the failure of tumour immunology to identify the critical
immunogenic moieties on the cancer cells recognized by the effectors which
would offer scientific rationale to the approach. What is clear already is that
there is no simple approach to the identification of effective treatments.

A major limitation to study design is that the critical effector mechanisms
by which the host immune system attempts to reduce the neoplastic burden
have yet to be defined. Work over the last several years has identified a
multiplicity of immunological effector systems which show in vitro activity
against cancer cells. It is likely that different tumours may evoke qualitatively
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different patterns of response. Studies have also revealed that in the presence
of malignancy there is compromise of the immune apparatus to the extent
that the antitumour response is down-regulated.

The search for immunomodulating drugs is not helped by a plethora of
quite inappropriate animal models which bear little resemblance to the
human disease. In the absence of any clear consensus on the nature of the
antitumour response in man (if it exists at all) immunotherapy has failed to
make an impact on cancer treatment.

In the last few years there have been advances which allow the possibility of
intervention in the immune system and the identification of the important
decision points in assessment of the feasibility of the therapy of cancer by
immunomodulation. Thus, there are now clear demonstrations of the
presence of active T-cells and macrophages at the tumour site and of the
underlying mechanisms by which these cells can be (a) expanded, and (b)
activated to a lytic state. There are also descriptions of the immunological
controls of these effector elements. The search for effective immunomod
ulators should now be specifically directed against these targets and seek to
exploit the molecular mechanisms for activity which are now emerging. It is
not enough to seek means of a general augmentation of the immune response.
Rather, the goal must be to intervene specifically at defined points of the
host-tumour relationship. It would seem appropriate at present to direct the
search towards agents which augment macrophage or LAK activation,
increase helper T-cell activity or decrease suppressor T-cell responses. In each
of these areas mod~l systems are available which appear to sensibly match the
situation in human tumours.

There must also be the realization that clinical trials need to be designed to
take into account the limitations of the immune response. New trials need to
determine the optimal immunomodulating dose rather than the maximum
tolerated dose of the selected agent in man and to accept that these molecules
are unlikely to have an effect in individuals with advanced disease in whom
the essential immune system has been compromised or eliminated by tumour
burden or previous treatment. Strenuous efforts must be made to determine
how agents can be delivered to the tumour site or to the immune system to
induce the influx of effectors.

It seems unlikely that the available agents will revolutionize cancer
treatment. Collectively they support the feasibility of the approach but with
out a major improvement in efficacy and targeting of immunomodulatory
agents they may remain of limited usefulness to the oncologist.
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6
Immunology in
Bowel Cancer
N. C. ARMITAGE

IMMUNOLOGICAL RESPONSE TO COLORECTAL CANCER

The immunological response to colorectal cancer may be thought of as the
systemic response and the response at the tumour site, both of which may be
related I. There is evidence that some patients with colorectal cancer are
immunosuppressed. It has been demonstrated that patients with depressed
peripheral blood lymphocyte counts have a tendency towards a poorer
prognosis2

,3 and this may be related to the tumour lymphocyte infiltration.
Bone and Lauder4 have also reported a relationship between advanced stage,
depressed peripheral blood lymphocyte count and poor response to dinitro
chlorobenzene (DCNB). The DCNB reaction involves a skin test to this
chemical and is a sensitive test of the integrity of the cell-mediated
immunological response. This observation of depression of DCNB response
in colorectal cancer and increasing depression with advancing disease has
been made by other authors5

,6. In vitro tests of cell-mediated immunocompe
tence have also shown depression in patients with colorectal cancer. A
common test is the induction of lymphocyte blastogenesis by the mitogen
phytohaemagglutinin (PHA). The dose-response curves of normal lympho
cytes to the mitogen can be depressed by culture in sera from colon cancer
patients7

• There is also a lower response to PHA than expected from the
lymphocytes of patients with colorectal cancer8

. It has been shown that
migration of normal subjects' leukocytes could be inhibited by serum from
patients with colorectal cancer. Other workers, however, have found no
difference of PHA response from control in colorectal cancer9

•

It is known, however, that peripheral blood mononuclear cells from
patients with colorectal cancer are capable of destroying cultured colorectal
cancer cells 10. This cytotoxicity is depressed in lymphocytes derived from
tumour regional lymph nodes II. Baldwin et al. showed that blood lymphocyte
cytotoxicity could be inhibited by treatment with solubilized tumour
membrane fractions l2

• These findings indicate that tumour antigen may be
implicated in the local immune paralysis. So it would seem that there is both
local and general suppression of immunity of colorectal cancer.

With regard to local tumour immunological response it has been shown
that tumour lymphocyte infiltration may impart an improved patient

83



IMMUNOLOGY OF MALIGNANTDISEASES

survival. Using monoclonal antibodies capable of distinguishing subsets of
T-lymphocytes Umpleby et al. 13 have shown that the tumour infiltrating ratio of
T-helper/T-cytotoxic/ suppressor lymphocytes may be abnormal in patients
with colorectal cancer. The ratios of such T-Iymphocytes within the tumour
may also show marked variation. The significance of these observations is not
fully understood but may represent differences in cell-mediated response in
these patients. Further investigation with regard to the influence of these
lymphocytes on both local recurrence and disseminated disease may reveal
their role in local tumour control.

TUMOUR-ASSOCIATED ANTIGENS IN COLORECTAL CANCER

There has been much effort expended in the search for tumour specific
antigens against which these antisera may be raised. However, when Foley14
was able to demonstrate that a syngenic mouse could reject a transplanted
methylcholanthrene-induced tumour from another mouse and he thus
showed that a new antigen had been produced with the induction of the
tumour. There are now a large number of tumour antigens produced in
rodents in chemical or virus induced tumours. Such tumour antigens have
also been shown to be present in a number of spontaneously occurring animal
tumours although with less frequency. For instance, of 44 spontaneously
occurring rat mammary tumours only seven had demonstrable immuno
genicity compared with a far higher proportion in chemically induced
tumours 70% in methylcholanthrene-induced rat sarcomas15. This difference
in immunogenicity between induced and spontaneous tumours appears to
hold true for human tumours which generally tend to be weakly
immunogenic.

The first tumour-associated antigen in colorectal cancer was that described
by Gold and Freedman16 who tested pooled extracts of human colorectal
cancer. The antigen which was initially thought specific for colorectal cancer
and fetal colon was termed carcinoembryonic antigen. Subsequently its
presence has been demonstrated in small quantities in normal adult colon and
in other sites. This particular antigen has been extensively investigated and
shown to contain several different distinct antigenic epitopes which may be
defined by monoclonal antibodies l1

. It is really the introduction of these
antibodies with their unique specificity which has allowed the probing of the
antigenic properties of colorectal cancer cells in greater depth.

As yet there are no tumour antigens specific for colorectal cancer cells. The
antigenic determinants which have been described in colorectal cancer are all
present on other tissues. It is differential expression by the tumour compared
with the normal tissues which identifies these tumour-associated antigens.
These may be derived in several different ways. Firstly, a normal antigen in
one cell type may be expressed anomalously in another cell type; secondly,
normal cellular antigens may become expressed in abnormally large amounts
and masquerade as tumour antigens. Oncofetal antigens such as CEA which
are normally repressed may become expressed in greater amounts. Several
monoclonal antibodies which react with colorectal cancer cells have now been
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described, some of which were initially thought to be tumour-specific. Ca19-9
and Ca17-IA were described by Herlyn et a/. 18 and bind to colorectal cancers
but also bind other tumours and some normal and fetal tissues l9

• Finan et af.
reported a series often monoclonal antibodies of which one, YPC 2/ 12.1, was
shown to be abundantly expressed on colonic tumours but only sparsely on
normal colonic mucosa20

. Thompson et af. n described a series of antibodies
produced when mice were immunized with HT29 human colorectal cancer
cells, some of which only reacted with HT29 cells and others had more diffuse
patterns of expression. Brown et a/. 22 reported an IgM monoclonal antibody
C14/ 1/46, produced by immunizing mice with a membrane preparation from
a colorectal adenoma. This antibody recognizes a blood group type antigen
which is expressed on the majority of colorectal tumours both benign and
malignant. Many monoclonal antibodies have been raised to CEA which
have reactivity with different epitopes of the antigen and different cross
reactions with non-specific antigens such as normal cross-reacting antigen I7

,23.

Monoclonal antibodies produced against one cell type have been shown to
recognize the same tumour-associated antir,en expressed in other tumours.
791 T/36, raised initially to osteosarcoma 4, cross-reacts with an antigen
demonstrated on the cell surface of colorectal cancer celfs. Thus these
antibodies may be said to define tumour-associated rather than tumour
specific antigens. The question which will be addressed is how these
antibodies may be useful in the management of colorectal cancer. The
potential application will be dealt with in turn.

DIAGNOSTIC TESTS

Serum tests

Such tests depend on tumour cells shedding or secreting antigens into the
bloodstream which may then be detected. After CEA was described, an assay
was developed for its presence in the serum. There was initial enthusiasm for
this test as a means of population screening for colorectal cancer. However, a
large study has shown that high levels may be found in some normal healthy
individuals, particularly smokers, and in patients with liver disease26

• In
addition, CEA appears to be a marker for tumour bulk and most patients with
small early lesions have levels within the normal range. Indeed, some patients
with widespread colorectal cancer have normallevels27

,28. Thus this test is of
little value in the diagnosis of, or screening for colorectal cancer. However,
CEA levels do appear to have a role in the follow-up of patients after surgery,
and the use of serum CEA levels in prompting early 'second look' surgery for
resectable recurrence has been reported29

•

The antigen recognized by the monoclonal antibody Ca19-9 mentioned
previously was found in the serum of 24 of 32 patients with cancer but not the
38 controls30

• A serum test has been developed using this antibody and
elevated levels found in colorectal as well as pancreatic and stomach cancer31

•

This antigen is unrelated to CEA and suffers from some of the same
restrictions in that serum levels tend to be negative in early disease and there
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is a false negative rate of 54% in established metastatic disease31
,32. Similarly

the antigen Ca-50 is a tumour-associated carbohydrate antigen recognized by
the monoclonal antibody C50, raised against a colorectal adenocarcinoma
cell line33

. This antigen has been detected in the serum of patients with
colorectal cancer. However, although 27/36 (75%) of patients with advanced
disease had elevated levels only 9/18 (50%) with early disease had elevated
levels34

•

It has been suggested that if tumours shed antigens these may be detected in
the serum bound to antibody as circulating immune complexes (CIC). These
CIC have been shown to be present in serum but their role in diagnosis suffers
from non-specificity as do the other previously described tests based on
antigens35.26. Thus in terms of primary diagnosis these serum tests have
proved disappointing and their role appears to be in follow-up.

Faecal tests

Just as substances may be shed into the bloodstream by colorectal cancers so
they may be shed into the lumen of the bowel and be detected in the faeces.
Most colorectal cancers bleed in small amounts and tests for this faecal occult
blood are mostly based on simple chemical tests such as the guaiac reaction.
These suffer from a number of disadvantages in that they may not be
sufficie'1tly sensitive to detect the minute amounts of blood shed by some
tumolirs and they will cross-react with animal haemoglobin and vegetable
peroxidases. A test based on an antibody to human haemoglobin should
overcome these problems. Several such tests have been developed using
immunofluorescence37, immunodiffusion38 and solid phase enzyme linked
immunoassay (ELIZA)39 based on polyclonal antisera. These tests have been
shown to detect small quantities of faecal blood but only one has been tested
in a population screening situation. If was found that, although the test was
more sensitive than the simple chemical test, large numbers of false positive
reactions made the test unsuitable in its present form40

• Tests based upon
monoclonal antibodies to human haemoglobin are currently being developed
and may produce a test nearer to the ideal (Baldwin, 1986, personal
communication). .

These tests depend upon the tumours bleeding, which may only happen
intermittently. Thus tests for other faecal products such as shed antigens may
be of some value. Mucus distal to colorectal cancers has been shown to
contain raised levels of CEA compared with normals41

• Similar raised levels
may also be found in perfusates when colorectal tumours are irrigated42. A
recent report, using a monoclonal anti-CEA antibody showed elevated levels
in faeces of patients with colorectal cancer compared with controls43 .
However, CEA can also be demonstrated in normal gastrointestinal
secretions and thus an assay for faecal tumour products may be faced with the
problem of a cut-off limit between normal and abnormal levels of marker.
However, it is hoped that a combination of faecal tests will be developed
based on the newer antitumour antibodies previously described.
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CHARACTERIZATION OF COLORECTAL CANCERS USING
MONOCLONAL ANTIBODIES

Antibodies can be shown to bind to sections of colorectal cancer by various
immunohistological techniques. CEA was initially shown to be present using
polyclonal sera and more recently using monoclonal antibodies. Indeed
Primus et of. were able to demonstrate that monoclonal antibodies defining
different epitopes of CEA have distinct patterns of staining in CEA
producing tumours17

• A differential expression has also been suggested
between vital and necrotic tumour44

•

Immunohistology has assumed an important place in the screening and
wbrk-up of new antitumour antibodies in defining patterns of expression in a
wide variety of tumours and normal tissues. The great majority of the
antibodies mentioned previously have been characterized by immuno
histology.

Immunohistological diagnosis

It has been shown in the lymphomas and leukaemias that more precise
definition of the antigenic phenotype will help to distinguish one type of
tumour from another with implications for patient outcome45

• In straight
forward colorectal cancer diagnosis there are limited applications for such
antigenic determinants. However, antigenic expression or cytokeratin
production as defined by monoclonal antibodies may be of value in the
cytology of ascites, pleural aspirates and in anaplastic tumours where the cell
of origin is in doubt46

•

One potential application, that of improving the detection of micro
metastases in lymph nodes by staining the CEA, has been tested and found
not to increase the number of positive nodes when compared with good
conventional histopathology47.

Markers for prognosis

It was shown using polyclonal antisera to CEA that there was a relationship
between antigen expression as shown by immunohistological staining and
tumour grade. Goslin et of. 48 showed that even in poorly differentiated
cancers some could be shown to express CEA and that these patients had
elevated CEA serum levels.

In other tumour types differential antigen expression is related to
prognosis. Staining of breast cancer with a membrane antigen, NCRCII, has
been shown to be directly related to survival49

• Also in breast cancer,
receptors for human growth factor have been demonstrated by monoclonal
antibody50. In bladder cancer the same receptor expression is related to a
worse stage of disease with little or no expression in disease confined to the
epithelium and increase of expression in tumours which have penetrated the
bladder wa1l51

•

In the large bowel there has been interest in the expression of blood group
antigens (BGA). These substances are present throughout the fetal colon but
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are lost from the left side of the large bowee2
,53. With the onset of neoplasia

there is reacquisition by some tumours. In adenomas expression of BGA is
related to a worse tlpe (tubular, tubulo-villous to villous adenoma) and
increasing dysplasia5

• Wiley et al. showed that cancers of the left side of the
colon and rectum which expressed BGA had significantly fewer metastases
(2/13) compared with those not expressing them55

• Recently it has been
shown that expression of BGA H - the blood group substance expressed by
erythrocytes of blood group 0 individuals - by the cancer conferred a
significant survival advantage. This survival advantage was almost confined
to blood group 0 individuals with 12/27 (44%) patients with positive staining
cancers living 5 years compared with only 1/18 (5%) with negative staining
cancers56

• Currently these and other monoclonal antibody markers are being
investigated as prognostic indicators.

Expression of these antigens may be considered as indicating the degree of
differentiation of aggressiveness of the tumour and thus an indicator of likely
outcome. The other side of the equation which must be considered is the
reaction of the body's tissues to the tumour or host response. This has already
been discussed in part previously with regard to systemic effects. However, at
the tumour site the lymphocytes involved with cell-mediated immunity
(thymus derived or T-Iymphocytes) have been postulated to be involved in
tumour surveillance or rejection. A quantitative analysis of lymphocyte
infiltration at the periphery of colorectal cancer has shown a significant
difference between tumours without lymph node involvement (Stage B)
compared to tumours with nodal metastases (Stage C), the latter having little
or no lymphocyte infiltration57

• The importance of lymphocyte infiltration in
determining prognosis has recently been highlighted by Jass58

• However,
other authors have found no correlation between lymphocyte infiltration and
survival59

.

RADIOIMMUNOLOCALIZATION

The first studies of the localization of tumours by radiolabelled antibodies
were done using labelled polyclonal antibodies raised against specific rodent
tumours60

•
61

• The first localization of a human colorectal tumour was
reported by Goldenberg et al. 62 who used human colorectal cancer xeno
grafts in golden hamsters. The group showed that a polyclonal anti-CEA
antibody could be demonstrated by external gamma camera imaging.
Dissection showed a preferential uptake into tumour compared with other
organs with an uptake ratio of 5-20: I.

These animal observations were followed up by patient studies and in 1978
they reported the successful localization of colorectal cancers in seven patients
using a polyclonal antiCEA antibody63. This was followed up in 1980 and
localization was reported in nine out of ten primary sites and 26 of 31 sites of re
current colorectal cancer64

• A similar experience was reported by Dykes et al. 65

using a polyclonal anti-CEA antibody raised in sheep. As has been discussed
elsewhere, monoclonal antibodies have several advantages over polyclonal
antibodies which include increased specificity and reduced cross-reactions.
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The first study to report the localization of a monoclonal antibody in
colorectal cancer was that reported by Mach et al. 66. A monoclonal anti-CEA
antibody was shown to give positive images when labelled with 1311 and
injected into patients with colorectal cancer. Since that time several anti
bodies have been shown to localize in colorectal cancer (Table 6.1). The
monoclonal antibody 791 T/36 was raised against a human osteosarcoma cell
line 791 T and initial in vitro studies showed binding to several different
malignant cell lines, including colorectal cancer24. A pilot study showed
successful localization in four of five patients with primary tumours and six
patients with disseminated disease67 . The follow-up study reported successful
imaging of eight of II colonic primary cancers (Figure 6.1) and of five of 13
rectal or rectosigmoid cancers. When these tumours were resected and
samples of tumour and normal colon counted for radioactivity a tumour:
non-tumour (T:NT) ratio of 2.5: I was found with no significant difference in
uptake between rectal and colonic tumours68 . The difference in sensitivity of
the imaging of colonic and rectal tumours is the proximity of the latter to the
bladder. Metabolized iodine is excreted through the urinary tract and the
presence of 1311 in the bladder masks many lesions. 1311 has a high energy of
gamma emission and is thus inefficiently imaged by the gamma camera with
the majority of the gamma particles passing throu9h rather than being
detected by the crystal. This means that in studies using 311as the radiolabel a
subtraction technique must be employed69. For this technique the distribution
of a different radionuclide - 99mTc-labelled red blood cells or l13mln-labelled
transferrin - is acquired to simulate distribution of 1311-labelled antibody in
the circulation. This blood pool image is subtracted from the 1311 image by a
computer technique to leave a resultant antibody image. Most of the studies
have employed this technique to localize primary and secondary colorectal
cancers (Table 6.1). One of the features of colorectal cancer is that most
primary tumours are resected giving an opportunity to directly measure the
uptake of radiolabelled antibody. The resultant preferential uptake may be
expressed as a tumour:non-tumour ratio and the results of various studies
using 1311-labelled antibodies are shown in Table 6.1. It is surprising that with
the wide variety of immunogens there is not a wider range of T:NT ratios
with these all about 2.5-3.0: 1. Using active monoclonal antibody labelled
with one radionuclide and an irrelevant antibody labelled with a different
radionuclide it is possible to show that the localization of the monoclonal
antibody is a specific antibody/antigen reaction rather than non-specific
accumulation68.

C31
1]79lT/36 (osteosarcoma antibody) was shown to have a T:NT of 3:1

compared with [J231]normal immunoglobulin which had a T:NT of 1.1: I
(Figure 6.2). Similar specific uptake has also been shown using other
monoclonal antibodies66.

The antibody/antigen complexes have been extracted from resected
specimens from patients injected with C311]79lT/36. The antibody was found
complexed with a 72000 dalton molecular weight protein identical to that
found on the cell surface of osteosarcoma and colorectal cancer cell lines70.
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R

(a)

(b)

(c)

R

subtraction
Figure 6.1 Anterior abdominal images of patient with a carcinoma of the ascending colon. (a)
[

131 1] antibody image, (b) [99mTc] blood pool image; (c) subtraction image. From Armitage et al.
(1985). Monoclonal Antibodies for Cancer Detection and Therapy, London: Academic Press,
reproduced with permission

Improvement of imaging

The methods of improving imaging quality using monoclonal antibodies are
shown in Table 6.2 and some will also be relevant for optimizing the targeting
potential of these antibodies. As has been discussed, 13 I is far from ideal as a
radiolabel and the metal l11 1n has many advantages which include a half-life
of 2.8 days, little urinary excretion and two peaks of gamma emission which
are more efficiently detected by the gamma camera. Since it is a metal
labelling has to be through a chelating agent. A number of workers have

91



IMMUNOLOGYOF MALIGNANTDISEASES

.7 r-

.6 I-

. 5 .....

0
:;:;
co .4 ........
"0

~
.c..

.3 .....Q)

~
VI
VI

i=

.2 -

.1 .....

0

1311-791T136 1231 NMI 1311-79IT/36 1311 NMI

v v

Tumour Normal

Figure 6.2 Tumour/blood ratios for [131 1]791 T/36 and [ '23 I]normal mouse immunoglobulin. From
Baldwin, R. W. et al. (1984). Cancer Invasion and Metastasis, Biologic and Therapeutic Aspects.
New York: Raven Press, reproduced with permission

Table 6.2 Methods of improving image quality

(I) Use of a more suitable radiolabel

(2) Use of tomoscintigraphy

(3) Use of monoclonal antibody with greater preferential
tumour uptake

(4) Use of antibody fragments

(5) Use of the 'second antibody' technique

reported gamma camera imaging using JilIn-labelled antibodies in a variety
of tumours71

-
73

• Rainsbury et al. 7I were able to demonstrate bony metastases
from breast cancer which were not visualized using l3lI-labelled antibody.
Using ell In]791T/36 it was possible to interpret the images obtained without
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Figure 6.3 Posterior pelvic image of a patient with a large pelvic recurrence (-) using C11 ln]C46

recourse to computer subtraction and obtain positive images in three of five
primary and nine of 11 sites of secondary coiorectal cancer. A T:NT of 2.8: 1
was obtained from resected material indicating that the change of radiolabel
had not altered the tumour localizing properties of the antibody74. However,
the distribution of the Illln-labelled antibody was different from that of 131 1_
labelled antibody. Intense uptake was seen in liver and spleen and this may
limit the detection of hepatic metastases. Uptake was also seen in the skeleton
and testes which distribution has also been found by other workers and
appears to be a characteristic of a radiolabel73

• Emission tomography similar
to X-ray CT involves taking images through an arc of 3600 allowing the
opportunity of visualization of antibody distribution through axial slices.
Berche et al. 75 employed the technique and identified 16/17 sites of colorectal
cancer compared with only 9/21 sites in the same patients using rectilinear
scanning. They used 1311 as the radiolabel with its limitation and 1IIIn is a
better radiolabel for this technique, as will be shown later. These first two
methods refer only to methods of improving imaging while the next three
methods rely on achieving a greater differential uptake of the antibody in the
tumour compared with either blood or normal tissues. This may be
potentially beneficial in targeting studies. Clearly a monoclonal antibody with
a higher affinity will be an advantage in that the increased tumour uptake will
give better images. We have recentlr reported a monoclonal antibody to CEA
with such a high affinity. Using Illn-labelled antibody we visualized 7/7
primary and 8/11 secondary tumours (Figure 6.3). Measurement of resected
specimens gave76 a TNT of 5.8: 1. Emission tomography was performed and
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Table 6.3 Imaging of sites of recurrent colorectal cancer

Siteo! Monoclonal
recurrence/ antibody 'I9mTc Ultrasound CT
metastasis imaging liver scan scan scan

Liver 131 1 12{18 (54%) +ve 14{24 (58%) +ve 9{14 (64%)+ve 12{14 (86%)+ve

'"ln 1{6 (54%) +ve

Abdomen 8{12 (67%) +ve 3{5 (60%) +ve 3{4 (75%) +ve

Pelvis 13{19 (68%) +ve 3{8 (38%) +ve 10{10 (100%) +ve

Other 4{7 (57%) +ve 2{2 (100%) +ve

All 38{62 (61%) +ve 16{27 (59%) +ve 27/30 (90%) +ve

MOAB imaging - Sensitivity: 62%

- False positive: 4{10 patients who had no recurrence shown

although no further tumour deposits were identified several were identified
with greater confidence.

The suggestion that fragments rather than intact antibodies may be useful
rests on two factors. Firstly that removal of the Fc portion of the antibody
will prevent non-specific uptake by Fc receptors in normal tissues, and
secondly fragments are more rapidly cleared from the circulation giving
improved tumour:non-tumour ratios. It has been shown that F(ab)'2
fragments give superior tumour:blood ratios in animals studies77

• Improved
tumour imaging has been shown in patients by some workers78

; our own ex
perience using the Fab fragments of 791 T/36 showed no localization. How
ever, the affinity of791T/36 is drastically reduced by cleavage of the Fc portion.

The second antibody technique depends upon the administration of
radiolabelled antitumour antibody followed after a period by a second
antibody to 'mop up' the first antibody. The resultant antibody/antibody
complexes are cleared rapidly from the circulation. Begent et af. 79 showed im
proved imaging when a polyclonal anti-CEA was followed by liposomally en
trapped second antibody, when images could be interpreted without subtraction.

Clinical potential of immunoscintigraphy

When considering the clinical usefulness of immunoscintigraphy it is unlikely
that this technique will be of use in the diagnosis of primary colorectal
cancers. The reason that in many studies primary tumours are imaged is that
this gives the opportunity to study the distribution of the antibody and to
measure uptake in resected specimens. However, immunoscintigraphy may
have a place in the diagnosis of recurrent disease. We have recently reviewed 50
patients with suspected recurrent disease who had radioimmunoscinti
graphlO (Table 6.3). The sensitivity was 62% at least as sensitive as
ultrasound and although the resolution was less than that of CT scanning,
gave valuable information in cases where differentiation between recurrence
and fibrous/post-radiation change was not clear.
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Begent et al. 81 reported a series of 3I patients in whom immunoscintigraphy
was performed on the basis of a raised plasma CEA but no physical signs of
recurrence. Eight patients were considered for surgery of whom three had
tumour resections. In this series, four patients had tumours shown by
immunoscintigraphy which were not detected by CT scanning..

Thus immunoscintigraphy may have a place in the follow-up of patients
after resection of colorectal cancer either as an initial investigation or
complementing other imaging modalities.

IMMUNOTHERAPY

In considering immunological treatment for colorectal cancer several aspects
may be considered. These include stimulating a specific antitumour immune
response and overcoming general immunosuppression due to tumour burden
or to the effects of other treatment.

The stimulation of an antitumour response is a complex procedure and
requires some understanding of the mechanisms involved. The cells involved
in tumour cell killing include those designated as non-specific effector cells
such as natural killer (NK) cells, lymphokine activated killer (LAK) cells
and activated macrophages (AM) and more specific cytotoxic T-Iympho
cytes.

NK cells are thought to be in the first line defences for allograft rejection
and viral surveillance82 and have been shown to modulate tumour growth in
vitro and in vivo in animal studies83

• Clearance of radiolabelled lymphoma
cells was markedly reduced in mice given anti-NK antisera84 while mice
treated with NK cells followed by melanoma BI6 cells produced a 50-80%
reduction in lung colonies compared with control mice85

•

In human studies it has been shown that peripheral blood NK cells are
cytotoxic86 and that NK activity in perwheral blood lymphocytes can be
achieved by administration of interferons ,88. A phase I trial of interferon in
patients with malignant melanoma and colorectal cancers has been reported
which showed an initial fall of NK activit¥. followed by a rise of activity for 7
days and a return to normal thereafter 9. At the tumour level, however,
although NK cells could be detected in axillary lymph nodes draining breast
cancers90 most tumours contain little or no NK activity due to both low
frequency of NK cells and also the action of a suppressor cellI.

Activated macrophages appear to act in a non-specific manner but have the
ability to discriminate between malignant and non-malignant cells. They can
be activated by many stimulating agents including bacterial vaccines and
subcellular products such as muramyl dipeptide (MDP) especially when
encapsulated in liposomes and Nocardia cell wall skeleton91

• These activated
macrophages can be shown to be cytotoxic to animal tumours and it has been
shown that MDP can activate human peripheral blood monocytes and render
them cytotoxic to tumour cell lines including colorectal cancer92

.

Various clinical trials have been reported of adjuvant therapy of colorectal
cancer using a non-specific immune stimulator either alone or in combination
with chemotherapy. However, the results of such trials have been dis-
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appointing whether with Bacille Calmette Guerin with chemotherapl3, MER
with chemotherapl4 or C. parvum95

•

Despite the disappointing results of the trials of non-specific immuno
stimulation, somewhat more encoura~ing results have come from studies of
specific active immunotherapy. Enker 6 showed that the injection of modified
tumour cells into experimental colon cancer models could bring about
tumour suppression. A recent report showed that recurrence of dimethyl
hydrazine (DMH)-induced colon carcinomas in rats could be reduced after
primary tumour resection by immunization with tumour cells expressing
colon cancer tissue specific antigens97

•

Two recent clinical studies have reported adjuvant therapy by injection of
modified syngenic tumour cells and BCG98 or tumour associated antigens99

into patients after resection for colorectal cancer. Early results indicated that
these may have resulted in a lower recurrence rate. However, the period of
follow-up is short.

PASSIVE IMMUNOTHERAPY

Cell-mediated

Recently there has been considerable interest in the cytotoxic activity of
lymphokine activated killer (LAK) cells in therapy. These cells are derived by
treatment of peripheral blood lymphocytes with interieukin-2 (IL-2). LAK cells
have been shown to be lytic for tumour but not normal cells100. In vitro
studies of LAK cell killing on fresh human tumour preparations showed that
36 of 41 sustRensions, including four of seven colon cancers, were lysed by the
LAK cells 1 I. In animal studies regression of established metastases of the
mouse sarcoma MCA-105 was observed using treatment by IL-2 and LAK
cells 102.

From these observations clinical trials have developed of administered IL-2
or LAK cells either alone or together in combination. The infusion of
activated killer cells alone was tolerated up to 2 x lOll cells infused 103. 39
patients were treated with IL-2 infusion. This was cleared rapidly but severe
toxicity occurred in some patients with weight gain due to fluid retention lO4.
No patients treated with IL-2 or LAK cells alone showed tumour regression.

On the other hand a trial of IL-2 and LAK cells in combination shows
more encouraging results. 25 patients were treated including nine patients
with colorectal cancer and three of these patients had partial responses of
their tumour. One patient with metastatic melanoma had complete regression
of multiple tumour nodules l05 .

Antibody-mediated

This type of therapy involves the use of monoclonal antibodies themselves or
conjugated to antitumour agents. Free monoclonal antibodies can exert a
cytotoxic effect independent of complement or complement-mediated
depending on the IgG class. Heriyn and Koprowski have demonstrated the
tumour inhibitory properties of the monoclonal antibody 17-IA (IgG2a)
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against colorectal cancer xenografts in nude mice 106. This tumour suppression
may be macrophage-mediated since the xenografts undergoing regression
were heavily infiltrated by macrophages. This antibody has been infused into
four patients with advanced colorectal cancerl07 with no evidence of serum
sickness although the antibody persisted in the circulation for more than a
week and antimouse antibody was detected. One patient also given
autologous mononuclear cells showed diminution of a liver deposit with
monocyte infiltration of the metastasis.

Monoclonal antibodies may be coupled to antitumour agents including
radioisotopes, cytotoxic drugs and toxins. Radiolabelled antibodies have
been shown to localize in colorectal cancer and the natural extension of this is
to use them as a carrier system for therapeutic doses of radiotherapy. The
route of administration may be critical since given systemically there mar be
accumulation at non-specific sites. However, it has- been shown that 31 1_
labelled monoclonal antibodies given into the pleura and peritoneum have
been beneficial in treating intractable serous effusion108.

Conjugates have been synthesized between monoclonal antibodies and
various cytotoxic drugs. Vindesine linked to anti-CEA, anti-melanoma
96.5 109 and anti-osteosarcoma 791T/3611O have been shown to suppress the
growth of colorectal cancer, melanoma and osteosarcoma xenografts
respectively with generally less toxicity than free drug. Methotrexate (MTX)
conjugates have been synthesized with 791T/36 both directly (3-4 molecules
MTX/ molecule protein) and via human serum albumin (30 molecules
MTX/molecule protein)lll. These are cytotoxic to 79lT cells and to three
colorectal cancer cell lines resistant to free drug ll2

. Indeed MTX-79lT/36 has
been infused into patients with colorectal cancer in a trial of distribution by
external gamma camera imaging. C31 1]79IT/36-MTX gave similar dis
tribution as free 791 T/36 and counting of resected specimens1l3 gave a mean
T:NT of 2.9: 1.

However, it IS 10 the targeting of toxins that the greatest therapeutic
potential may lie. Plant toxins such as ricin and abrin are among the most
potent cell killing agents known with one molecule having the capacity to
effect cell death. They consist of the cytotoxic A-chain which is incapable of
entering cells without the carrier B-chain. By replacing the B-chain by a
monoclonal antibody one may have a potent, directed agent. These immuno
toxins have been shown to exert specific cytotoxic activity in vitro to many
malignant cell types including colorectal cancerl!4-116 and in vivo to suppress
the growth of human breast cancer xenografts l14. However, the therapeutic
potential may be limited by the uptake of the toxin by the reticulo
endothelial system or by normal tissues when administered to patients. A
phase 1 study of immunotoxin in the treatment of patients with malignant
melanoma has been reported I 17. Such data are awaited for colorectal cancer
but immunotoxins may present an important opportunity in treatment.

CONCLUSIONS

With the development of monoclonal antibodies recognizing specific antigens
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it is now possible to dissect the immunological aspects of colorectal cancer in
greater detail than has been possible previously. The ability to understand
the host response to colorectal cancer and to manipulate effector cells such as
NK cells and macrophages may reverse immunosuppression and stimulate
antitumour responses. Antigenic determinants may be important in helping
to derive a prognostic index.

Labelling with radioisotopes allows tumour visualization by gamma
camera and gives a potential for therapy, as does conjugation with other
antitumour agents. These advances may in time bring about an improvement
in survival for patients with colorectal cancer.
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7
Recognition of Autologous Tumour
Cells by Blood Lymphocytes in
Patients with Lung Cancer
F. VANKY, E. KLEI~ J. WILLEMS, K. BaaK,
1": IVERT AND A. Pt:TERFFY

AUTOLOGOUS TUMOUR STIMULATION (ATS)

On the basis of the knowledge which has emerged from experiments with well
defined antigens it can be expected that if patients are sensitized against
antigens present on their tumour cells, these can activate autologous blood
lymphocytes in vitro. Indeed, blastogenesis and generation of cytotoxic
lymphocytes have been induced in autologous mixed lymphocyte tumour cell
cultures (MLTC). The frequency of positive results varied between 30 and
77% in the different reports (for review see ref. 1). The test conditions used in
the different laboratories probably contributed to the variations. In our
material of 359 patients, the frequencies varied between 29 and 72%,
depending on the histological type of tumours (Table 7.1).

TECHNICAL ASPECTS OF THE TEST

Tumour cells

The main prerequisite of such experiments is the preparation of viable

Table 7.1 Frequency of autotumour stimulation

Tumours

Adenocarcinoma of the lung
Squamous cell carcinoma of the lung
Malignant mesenchymal tumours
Small cell lung carcinoma
Adenocarcinoma of the kidney
Adenocarcinoma of the ovary
Malignant melanoma
Astrocytoma

Summary

Positive/No. tests

18/44
29/78
57/128
2/7
13/18
5/11
7/ IO
24/60

155/359

% positive tests

64
60
45
29
72
45
70
40

43

• MLTC performed at the time of surgery; positive ATS = reactivity index 4.0 or higher
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tumour cell suspensions without contaminating non-malignant cells. Among
these, the imunologically active cells represent the most disturbing contami
nants, since they may influence the outcome of the test. Some cell types such
as B-cells and monocytes can stimulate T-lymphocytes2

•
3

, while others, such
as activated T-cells and macrophages may suppress the immunological
response4,5.

We worked out a procedure based on velocity and density gradient sedi
mentations and exploitation of the adherence properties of certain cell types6

•

Changes of the initial procedure include the use of collagenase and DNase
during the sedimentation steps, and monoclonal antibodies defining
components in the cell suspensions. The bovine serum 9radient used initially
has been changed to Ficoll-Isopaque (FI) gradient in order to avoid
activation of the lymphocytes by the xeno-proteins adsorbed by tumour
cells8

• Recently, discontinuous Percoll gradients (in 10%, 15% and 20% con
centrations) were introduced, that shortens the time required for processing
and improves the quality of the tumour cell suspensions. The aim of
producing single cell suspensions often led to impaired cell viability.
Therefore, we accept the presence of clumps containing 3-10 tumour cells.
Addition of collagenase and DNase counteracts cell aggregation.

The preparation of tumour cell suspensions is carried out as follows. Macro
scopically distinguishable tumour tissue, without necrosis, is excised from the
surgical specimens and minced with scissors in the presence of collagenase
and DNase. The enzymes are added at 30mg/ml and 2mg/ml concentrations
of stock solutions respectively, the amounts depending the appearance of the
tissue. In general, the higher the proportion of dead cells, the larger amount
of DNase added, and the more collagen material in the specimen the higher
amount of collagenase added. The amount varies between 20 and 50 mg for
collagenase between 2 and 5mg for DNase.

The tumour material is then gently passed through a stainless steel mesh
into collagenase (3 mg/ mi), and DNase (0.2 mg/ ml) containing BSS medium.
If a tendency for cell aggregation is observed additional DNase is added. By
sequential centrifugation, first at low speed (60g, 5 min) followed by centrifug
ation of the supernatant at 500g for 5 min, all debris are eliminated and a
tumour cell-enriched (60g sediment) and lymphoid cell-enriched (500g
sediment) suspensions are obtained. Each is further fractionated on Percoll
discontinuous gradients9

• 3 ml of 10%, 15% and 20% Percoll solutions are
layered into 15 ml Falcon tubes (no. 2057). The cells (5 x 106-5 x 107

) are placed
on the top of the gradient in 1-2 ml volume, and the tube is centrifuged at 25 g
for 5 min. The tumour cells usually collect at the lower part and at the bottom
of the tube. Lymphocytes, erythrocytes and debris remain on the top and also
pass into the intermediate layers.

If non-viable cells and erythrocytes are still present, the cell populations are
further processed on FI gradients. The gradient is made up of 3 ml of 1.055
density FI solution (corresponding to 75% of the stock solution, diluted with
balanced salt solution (BSS), layered on the stock solution (100% FI, density,
1.077). On this gradient, after centrifugation (900g for 10 min at 4 0c) the
viable cells are recovered at the interface between the 100% and 75% FI. A
proportion of tumour cells from liposarcoma, melanoma and glioma may
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remain on the top of the 75% FI. Generally, the top fraction contains debris,
macrophages and damaged (often unidentifiable) cells. Erythrocytes and non
viable cells sediment to the bottom. Following washes the viable cells are
incubated into plastic tissue culture flasks in RPMI 1640 medium
supplemented with 10% human serum for 30 min at 37°C. The non-adherent
cells containing the tumour cells are incubated overnight in culture
conditions.

Culture conditions

Conventional synthetic media, supplemented with 5-10% serum, are suitable
for the MLTC studies. Fetal calf serum (FCS) had to be avoided as supple
ment because it may activate the T-cells; therefore human serum for healthy
male donors is provided. Blood group relationships do not influence the
results. Serum samples with high lipoid content have to be avoided because
they inhibit the reaction.

Evaluation of the results

Since lymphocyte stimulation is influenced by the cell concentration and the
shape of the wells, the control samples, i.e. the lymphocytes without
stimulators, are made up to concentrations identical with the MLTC.
Therefore, though this does not represent a strict control, mitomycin-C
(MMC)-treated cells from the responder lymphocyte population are added
instead of tumour cells. The reactivity index (RI) is expressed as the ratio
between [3H]thymidine eH-TdR) uptake (cpm) in the test sample and in the
control sample.

The results of autologous tumour stimulation (ATS) obtained by
measurement of the isotope incorporation correlated well with the visually
determined proportion of blasts 1. Measurement of the thymidine incorpora
tion may underestimate the degree ofT-cell activation by tumour cells, due to
the inhibitory effect of the tumour cells on the DNA synthesis of lymphocytes 10.

Furthermore, in order to proceed from the step of antigen recognition to cell
division, production of monokines and lymphokines is re~uired. A deficit in
these activities may result in a lower proliferation response 1.

Reproducibility

The strategy of the experiments is mainly limited by the scarcity of tumour
cells from tumour specimens. An important methodological improve
ment was the frozen storage of the tumour cells and lymphocytes 12,1 . This
allows the performance of repeat experiments, and those types of experiments
which require cultivation of the effector cells, e.g. in which autotumour
cytotoxicity is generated. Frozen tumour cells were shown to maintain the
stimulatory properties and can be used as targets in the cytotoxicity
assayl,14.

Kinetics and dose-response

The peak of thymidine incorporation in MLC is between the 6th and 7th days
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of culture. With sensitized lymphocytes, the secondary response peaks on the
4th dayl5. In the MLTC the peak appears between the 3rd and 5th days. The
response in MLTC is considerably weaker than in MLC and the peak values
may appear on the 3rd, 4th or 5th days. Therefore measuring the 3H-TdR
incorporation at several time points is desirable. Due to the limited avail
ability of the tumour cells, we usually measure the 3H_TdR incorporation on
the 5th day.

Stimulation of lymphocytes with allogeneic cells, bacteria and virus
antigens shows a dose-response with an optimum beyond which the activity
declines. The dose-response curve in the ATS system also is bell-shaped 1. The
peak values are usually obtained with lymphocyte:tumour cell ratios 5: I and
10: I.

Specificity

The low frequency of stimulation with non-malignant cells and the dose
dependency suggested that the ATS is a tumour-related antigen specific
phenomenon. In our material stimulation of autolo~ous lymphocytes by non
malignant cells was induced in three out of 51 tests l

. These experiments were
performed with connective tissue cells from soft tissue sarcoma, thyroid
cells from patients with thyroid cancer, kidney cells from patients with kidney
cancer, colon mucosa from patients with colorectal cancer, mesothelial cells
from patients with ovarian carcinoma, and epidermal cells from malignant
melanomas. For lung tumours, representative non-malignant cell preparation
cannot be obtained. The cell population obtained from uninvolved lung tissue
contains mainly macrophages and fibroblasts. The seemingly conflicting
observation regarding the autologous stimulation with non-malignant tissue
cell suspensions l7 may be attributed to the composition of cell suspensions
used.

RESULTS WITH LUNG TUMOUR PATIENTS

Frequency of cases that react in ATS

The frequency of ATS obtained at the time of surgery was as follows: 64% of
the patients with adenocarcinoma (44 cases), 60% with squamous cell
carcinomas (78 patients) and 29% (7 cases) of small cell lung carcinomas
(Table 7.1).

Specificity of ATS

Lymphocytes and tumour cells from the same individual were used in parallel
as stimulators of allogeneic lymphocytes collected from tumour patients and
healthy blood donors. The tumour cells were less efficient allogeneic
stimulators than lymphocytes. There was a correlation between the two
effects, showing that HLA antigen disparity determined the results. The cases
with strong response to the allogeneic lymphocyte (MLC) were the ones that
were stimulated also by the tumour cells (Figure 7.1). The autologous
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Figure 7.1 Stimulation of allogeneic lymphocytes by the patient's lymphocytes (0) and tumour
cells (fi) related to the autotumour stimulation (T). Reactivity index 4.0 or higher is considered
positive. Experiments are grouped according to the MLC reactivity. Tumours 2063, 2064, 2069,
2086, 2089, 2094 and 2109 are squamous cell carcinomas, 2057, 2062, 2070 and 2071 adeno
carcinomas, 2059 and 2087 carcinoid tumours and 2086 large cell carcinomas.

Table 7.2 Lung tumour cell suspensions stimulating autologous and allogeneic lymphocytes in
criss-cross assays

Lymphocytes Tumour cells from patientt
from*

Exp. I SCC I AdC I AdC2
SCCI 30.6+ 1.7 1.8
AdC I 2.4 7.8+ 13.0+
AdC2 1.0 0.5 1.3
Healthy 2.8 0.8 NT

Exp.2 SCC2 AdC3 AdC4
SCC2 1.1 I.l 1.7
AdC3 1.8 IS.T 1.4
AdC4 1.7 2.7 8.5+

Exp.3 SCC3 AdC5 AdC6
SCC3 7.2+ 2.3 NT
AdC5 1.6 8.6+ 1.7
AdC6 1.5 3.7 15.1+
Healthy 2.2 1.2 NT

Exp.4 SCC4 SCC 5
SCC4 6.2+ 1.7
SCC5 3.0 0.5

• SCC =Squamous cell carcinoma; AdC = adenocarcinoma
t Results are expressed as reactivity index,
• Positive ATS values, e.g. RI =4.0 or higher. Autologous combinations in bold type
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stimulatory capacity of tumour cells did not correlate with their ability to
stimulate allogeneic lymphocytes. With ten of 21 tested tumours, the strength
of ATS exceeded the values obtained when they were allogeneic stimulators.

In four experiments, with criss-cross combination using six adeno
carcinoma, and five squamous cell carcinoma patients (Table 7.2), allogeneic
stimulation occurred only in one of 23 combinations. Blood lymphocytes of
one adenocarcinoma patient were stimulated both by the autologous and
allogeneic adenocarcinoma cells (Exp. 1). The stimulating allogeneic tumour
did not activate autologous lymphocytes. The five auto-stimulating adeno
carcinomas did not stimulate the lymphocytes of three allogeneic adeno
carcinoma donors, one squamous cell carcinoma donor, and two healthy

Table 7.3 ATS reactivity of lung carcinomas related to the expressed DR antigens on the
tumour cells·

Patient % Tumour Lymphocyte stimulationt
No. cellst Autologous Allogeneic

DR-negative squamous cell carcinomas**
2059 98 15 2
2063 96 4,6 I, 1,9
2069 98 6 2
2074 99 6 2
2097 93 2 31
2094 99 3 I
2093 95 7 I
2092 99 2 I
2091 98 I 2
2089 98 2 27
2175 98 I 2

DR-negative adenocarcinomas
2061 97 10,9 2, 1,2, 1,2, I
2066 96 2 I, 1,2
2096 100 3 5
2098 99 3
2183 96 5 3

DR-negative carcinoid tumours
2087 97 6 2
2078 99 1 3

DR-positive adenocarcinomas
2071 97 5 8
2182 92 3 26

DR-positive carcinoid tumour
2127 98 2 12

• 'H-TdR incorporation during the last 16 hours of the 5 days MLTC. The results are expressed as reactivity
indices. RI values 4.0 or higher are considered positive. The background values of cpm varied between 10 I
and 538

t The proportion of tumour cells was evaluated in Papanicolaou-stained cytopreparates: 400-800 cells were
scored

t Autologous and allogeneic tumour stimulations were performed in the same conditions. In the allogeneic
combinations each value represents different responders. Positive results are in bold type

•• Expression of DR antigens was estimated by reactivity with anti-DR mAbs OKlal and LG-2-72 (LG-2-72
mAb was obtained from R. S. Accolla, Ludwig Ins!. for Cancer Research, Lausanne Branch, Epalignes,
Switzerland)
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Table 7.4 Effect of anti-DR monoclonal antibody (mAb) LG-2-72 on the lymphocyte
stimulation in various mixed cultures'

Group oj Stimulators
tumours treatedt with Reactivity int

LG-2-72 mAb MLTC AMLC MLC

Squamous cell carcinoma of the lung 8/9 5/9 9/9
+ 8/8 (0) 1/5 (5) 7/9 (9)

Adenocarcinoma of the lung 2/4 0/4 4/4
+ 2/4 (I) 0/4 4/4(4)

Large cell lung 2/2 2/2 2/2
carcinoma

+ 2/2 (0) 0/2 (2) 2/2 (2)

Carcinoid 1/1 0/ I 1/1
+ 1/1 (0) 0/1 0/ I (I)

*The experiments were performed in parallel using aliquots of the same responder lymphocytes in the three
assays. MLTC = Mixed lymphocyte-tumour cell culture; AMLC = autologous mixed lymphocyte culture;
MLC = mixed lymphocyte culture. Responder:stimulator ratios were 5:1 in the MLTC, and 1:1-2:1 in the
AMLC and MLC. For mAb LG-2-72 see footnote **, Table 7.3.

t MMC-treated stimulators were incubated for 30 min with saturating (l/Lg/IO' cells) concentration of mAb
and washed three times prior to use in the tests.

t Positive/ no. of tests. In parenthesis, number of tests in which the reduction exceeded 50%.

donors. The five squamous cell carcinomas stimulated only autologous
lymphocytes (in three cases). Lymphocytes from two healthy donors were not
activated.

The role of DR antigens in ATS

Malignant cells can express DR antigens even if the cell type of their origin
does not carry them18

• In 20 tumour cell suspensions of high purity (less than
5% contamination), DR-positive cells (detected with mAbs LG-2-72 and
OKIal) were present in two adenocarcinoma preparations and in one
carcinoid tumour (Table 7.3). Autologous lymphocytes responded often to
the exposure of DR-negative tumours (5/11 squamous cell tumours, 2/5
adenocarcinomas and 1/2 carcinoid tumours). Among the three DR-positive
tumours one stimulated. When these suspensions were used in allogeneic
combinations (with lymphocytes of healthy donors or other patients) those
which contained DR-positive tumour cells stimulated more often than the
negative ones (3/3 and 4/26 respectively).

Aliquots of the tumour cell suspensions (nine squamous cell carcinomas,
four adenocarcinomas, two large cell carcinomas and one carcinoid tumour)
were used after pretreatment with anti-DR mAb LG-2-72 (Table 7.4).
Untreated tumour cells induced a positive ATS response in 13/16 tests (8/9
with squamous cell carcinoma, 2/4 adenocarcinoma, 2/ 2 large cell carcinomas
and 1/1 carcinoid tumour). Anti-DR mAb pretreatment of the tumour cells
did not decrease their stimulatory capacity. When lymphocytes were the
stimulators in AMLC and MLC, mAb pretreatment reduced their effect.
These results together suggest that the DR antigens on the tumour cells are
not essential in the induction of T-cell response in ATS.
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Figure 7.2 Reactivity of density fractionated lymphocyte subsets in the ATS. U, H, 1M, and L are
the unfractionated, high, intermediate, and low density lymphocyte populations

Lymphocyte subsets that react in ATS

Lymphocytes of 14 lung tumour patients were separated on discontiriuous
Percoll density gradients. The strongest proliferative response upon exposure
to autologous tumour cells occurred in the high density T-cell fraction (Figure
7.2). This is the subset that reacts also in the MLCI9

•

When sensitized lymphocytes are exposed to the relevant antigen, and
when T-cells are co-cultured with allogeneic lymphocytes, both CD4+
(inducer/helper) and CD8+ (suppressor/cytotoxic) T-cells were shown to
proliferate2o

• On the other hand, the AMLC reactive cells are in the CD4+
subset21

• In three experiments (two squamous cell carcinomas and one large cell
carcinoma) the nylon wool non-adherent blood lymphocytes were separated
into CD8+ and CD4+ subsets, using negative selection. Aliquots of these were

Table 7.5 Reactivity of CD8+ and CD4+ T-cell subsets in MLTC and MLC*

Diagnosist cpm contro/j: MLTC MLC

NCp CDS+ CD4' NCp CDS+ CD4' NCp CDS+ CD4'

SCC 455 679 327 6.3** 4.3 7.0 26.2 9.7 19.0

SCC 890 362 930 6.1 20.0 1.1 51.6 13.7 63.9

Carcinoid 223 735 335 4.3 1.2 7.3 74.6 26.6 23.7

• See also footnote " Table 7.4. CD8+ and CD4+ subsets were separated from the NCp populations by
negative selection in the paning method with OKT4 and OKT8 mAbs respectively.

t See footnote', Table 7.2.
t Effectors cultured alone.

•• See footnote t, Table 7.2.
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Table 7.6 Reactivity of auto-erythrocyte rosetting T-lymphocytes in various types of mixed
cultures*

Diagnosist cpm cOn/rolt MLTC AMLC MLC

NCp AR+ AK** NCp AR+ AK NCp AR+ AK NCp AR+ AK

AdC 385 302 230 4.9tt 9.3 6.8 3.2 1.8 2.2 118 120 34
SCC 256 387 191 5.6 7.3 8.5 6.6 12.4 2.1 81 73 55

AdC 216 259 187 7.8 8.6 12.2 l.l 2.2 0.8 60 44 42
LCC 153 170 243 21.0 14.4 9.0 5.5 5.7 0.7 90 NT 51
SCC 571 269 339 3.9 6.7 4.7 7.2 23.6 12.1 105 180 167

* See footnote *. Table 7.4.
t See footnote *. Table 7.2. LCC = Large cell carcinoma of the lung.
t Effectors cultured alone.

•• NCp = Unfractionated nylon column non-adherent cells. AR+ and AR- are T-lymphocytes which form and
do not form rosettes with autologous erythrocytes respectively.

tt Reactivity index 4 or higher in bold type.

tested in parallel for their ATS reactivity and in the MLC (Table 7.5). Both
CD8+ and CD4+ cells were stimulated by the autologous tumours, each in two
out of three tests and by allogenic lymphocytes in all three tests.

The responding T-cells in the AMLC were shown to form rosettes with
autologous erythrocytes (AR+)22. In five experiments comprising two adeno
carcinoma, two squamous cell carcinoma and one large cell carcinoma
patients, using nylon wool non-adherent lymphocytes populations, the AR+
and AR- cells were compared for ATS reactivity. AMLC and MLC-s were
initiated simultaneously with the same responder populations (Table 7.6).
NCp populations were reactive in all five MLTC-s and MLC-s ·and in three of
five AMLC-s. Both the AR+ and AR- subsets were stimulated in the MLTC
and MLC. The AR+ populations were reactive in three of five AMLC-s, while
the AR- only in one. These results indicate that different lymphocytes
respond in the assays that reflect the recognition of the autologous malignant
and non-malignant cells respectively, and also that the two phenomena are
different.

ATS test results related to the clinical course

Among 31 patients with squamous cell carcinoma of the lung, 23 were ATS
positive (74%). After a mean observation time of 81 months (range 36-104) 15
patients in this group were tumour free. The negative tests predict a relatively
unfavourable prognosis, because all non-reactive patients died with 36
months (mean 12) (Figure 7.3A). The survival time of the eight deceased
ATS-positive patients did not. differ significantly from that of the eight non
reactive individuals (mean 15 and 12 months respectively).

Among the 17 patients with adenocarcinoma 12 (71 %) were ATS-positive
at the time of surgery. Of these, nine were tumour free after a mean
observation of 81 months (range 36-104). Four of the five ATS-negative
individuals died within 36 months (mean 15) and one survived 62 months
(Figure 7.3B).
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Figure 7.3 Life table analysis of the postsurgical clinical course of the patients with squamous cell
carcinoma (A), and adenocarcinoma (8) of the lung, related to the ATS results obtained at the
time of surgery

The results show that a negative ATS is a bad prognostic sign, while a
proportion of patients with positive tests have a favourable clinical course.

AUTOLOGOUS LYMPHOCYTE-MEDIATED CYTOTOXICITY

Lymphocyte-mediated cytotoxicity is frequently used in studies of cellular
immunology. Two important discoveries have led to new concepts. The first
has'established the participation of MHC gene products in the interaction of
effectors and targets, even in those cases in which the response is directed
against other than MHC gene products. The second has revealed that the
cytotoxicity can occur in a seemingly indiscriminant fashion, i.e. when the
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history of the lymphocyte donors does not indicate sensitization to the target
cells used. It has been proposed that 'natural cytotoxicity', independent of
priming, is an important antitumour mechanism. This should be based on the
recognition of 'altered' membrane structures related to the malignant nature
of the tumour cells. The basis of this assumption was the finding that the
susceptible targets in such experiments were usually cultured tumour cells. In
studies with human lymphocytes, K562 is the prototype of the sensitive target.
Therefore, often the lysis of K562 cells is designated as natural killer (NK)
function. With the demonstration that the active effector cell subset is mainly
recovered in the low density population of the blood lymphocytes and that a
proportion of these cells are distinguishable morphologically as large
granular lymphocytes (LGL), this subset is usually referred to as NK cells. It
has been debated whether these represent a separate cell lineage since
increasing evidence places them into the T lineage.

Jhe important distinction for the nature of the cytotoxic interaction is
whether the function of the effector cell is related to a recognition involving a
clonotypic antigen receptor (Ti).

When patients' lymphocytes lyse their own tumour cells the phenomenon
does not correspond operationally to natural cytotoxicity, because
sensitization may have occurred against the relevant antigens. In view of the
lack of knowledge concerning the antigens, it is difficult to decide whether
reactivity is the consequence of immunization. To approach this question,
tests can be performed that exploit certain known characteristics that
distinguish between antigen specific and non-discriminative cytotoxicities.
Studies concerning the reactive subsets, the involvement of T-cell receptors
and MHC antigens can lead to a closer definition of the nature of the
cytotoxicity against autologous tumour cells.

RESULTS WITH LUNG TUMOUR PATIENTS

Frequency of cases that show ALe

With nylon wool non-adherent cell populations, that are enriched in T
lymphocytes, the proportion of positive ALC tests varied in the patient
groups according to the histological type of the tumours. 20% of the patients
with small cell lung carcinomas (20 tests) were positive. Among the 57
patients with adenocarcinoma 32%, and among the 119 squamous cell
carcinoma 41% reacted (Table 7.7).

Table 7.7 Frequency of ALe

Histology

Squamous cell carcinoma
Adenocarcinoma
Small cell lung carcinoma

Cytotoxicity'

49/119 (41%)
18/57 (32%)
4/20 (20%)

• Positive/no. test, 4 h "Cr release cytotoxicity assay. Criteria for the positivity: the difference between the
cpm values of the test samples and control is significant and the increase (cpm) in the test is at least 10%.
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Table 7.8 Specificity of ALC

Source of

Lymphocytes

Lung cancer
Lung cancer
Lung cancer
Non-lung tumour
Healthy donor

• See footnote Table 7.7

Target cells

Autologous tumour
Allogeneic lung tumour
Non-long tumour
Lung tumour
Lung tumour

Cytotoxicity*

69{196 (35%)
3{53 (6%)
3{45 (7%)
1{15 (7%)
1{26 (4%)

Specificity of ALe

Altogether 196 patients have been tested in the ALe assay. The test was
positive in 69 (35%) (Table 7.8). Only a few reactions were detected against
allogeneic lung tumour cells (6%) or allogeneic cells derived from other types
of tumours (7%). Only in one test of 15 (7%) were lung tu~our cells lysed by
lymphocytes of patients with other types of malignancies and only in one test
of 26 (4%) when the effectors were derived from healthy donors.

Table 7.9 Lymphocyte-mediated cytotoxicity against autologous and allogeneic tumours. Criss
cross assays

Lymphocytes Thmour cells from patienlst
from*

Exp.} SCC I SCC2 AdC I AdC2
SCC I 2T 17 17
SCC2 12 36' 0
AdC I 10 6 51+ 0
Healthy 10 0 7

Exp.2 AdC 3 AdC4 Caid I
AdC3 39+ 10 8
AdC4 10 22+ 13
Caid I 9 28+
Healthy 2 5

Exp.3 SCC3 SCC4 SCLC 1
SCC3 0 0 II
SCC4 0 23+ 7
SCLC I 2 31+

Exp.4 SCC 5 SCC6 SCLC 1
SCC5 15' 0 0
SCC6 3 10

Exp.5 SCC7 SCC8
SCC7 22+ 3
SCC8 13 6

• SCC = Squamous cell carcinoma; AdC = adenocarcinoma; SCLC = small cell lung carcinoma; Caid =
carcinoid tumour of the lung.

t Results are expressed as % specific "Cr release; + means significant. Autologous combinations in bold type.
See also footnote Table 7.7.
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Table 7.10 Frequency of ALC with low and high density lymphocyte subsets

Effector populationst

Diagnosis* n U Ld HD

SCC 32 7t (22) 3** 12 (38) 5** 12 (38) 5**
AdC 16 4 (25) 1** 4 (25) 1** 4 (25) 0**
SCLC 2 I 2 2

§ See footnote * Table 7.9.
t U, LD and HD = Unfractionated, low and high density lymphocyte populations.
t No. positive tests. In parenthesis their proportion.

•• No. of positive cases obtained only with the indicated subset.

Tumour specificity of ALC could not be tested because non-malignant cells
corresponding to the cell of origin cannot be obtained from the uninvolved
lung tissue.

In criss-cross experiments, lysis of allogeneic cells was not detected even
when ALC-positive cases were cross-tested and when the tests involved
tumours of the same histological type (Table 7.9). The selectivity for the
autologous tumour cells most likely reflects the MHC restriction of the
cytotoxic interaction.

Lymphocyte subsets that react in ALe

In experiments performed with lymphocyte fractions of various densities,
autotumour cytotoxic cells were detected both in the low (LD) and high
density (HD) subsets (Table 7.10). In 50 experiments (32 squamous cell
carcinomas, 16 adenocarcinomas of the lung and two small cell lung
carcinomas), the frequencies of positive tests were 24% (12/50) with the
unfractionated, 36% (18/50) with the LD fraction, and 36% (18/50) with the
HD fraction. In 38 cases ALC was not detected by the unfractionated
lymphocytes but in 11 of these the LD and in seven the HD subsets were
positive. In five cases ALC occurred only in the LD and in another five only
in the HD lymphocytes. These results suggest that the activities of the two
populations may appear independently (Figure 7.4).

With 22 lung cancer patients (12 squamous cell carcinomas, eight adeno
carcinomas and two small cell lung carcinomas), density fractionated blood
lymphocytes were also tested against allogeneic tumour biopsy cells (Table
7.11). Unmanipulated, unfractionated effectors were cytotoxic in 1/23 (4%)
tests, LD cells in 7/25 (28%) and HD in none.

Cytotoxicity of blood lymphocytes from healthy blood donors showed a
similar pattern of reactivity (Table 7.11). Unfractionated lymphocytes were
cytotoxic against the allogeneic tumour targets in 1/27 (4%) cases, LD cells in
12/27 (44%) and HD in none.

K562 cells were included regularly in the cytotoxic assays for functional
control of the effector subsets (Table 7.11). In 50 experiments with lung
cancer patients (presented in Table 7.10), unfractionated lymphocytes lysed
K562 in 30 (60%), LD in 47 (94%) and HD in none. In 30 cases unfractionated
and LD lymphocytes from healthy donors lysed the K562 in all tests, and
HD in one (data not presented). Thus the profile of ALC differed from that
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Table 7.11 Cytotoxicity against allogeneic tumours

Lymphocytes Target Lymphocytes'
from cells V LD HD

Healthy donors Fresh tumour 1/27(4)t 12/27 (44) 0/27
Lung cancer patients Fresh tumour 1/23 (4) 7/25 (28) 0/25

K562 30/50 (60) 47/50 (94) 0/50

'See footnote t Table 7.10.
t See footnote 'Table 7.7. In parenthesis percentage positive tests.

observed in allogeneic combinations and against K562. The function of HD
cells was restricted to the autologous tumour cells.

The higher frequency of positive experiments with the density-separated
subsets suggests that the active cells have to be enriched in order to detect
activity.

For further characterization of the cytotoxic cells nylon wool passed
populations were separated into OKT4 negative (CDs"') and OKTS negative
(CD4+) subsets (Table 7.12). Among the eight patients tested six had lung
tumours. Unfractionated lymphocytes were cytotoxic in one, the CDS+
fractions in five, and the CD4+ in one of the eight tests each.

The HD subsets of three patients with adenocarcinoma of the lung were
similarly separated into CDS+ and CD4+ populations. The former was ALC
positive in two cases and the latter subset in one. These results show that
among the T-cells mainly the CDS+ subset is responsible for ALe.

Participation of C03 and C02 receptors and the MHC class I antigens in
the ALC

Monoclonal antibodies directed to the T-cell receptor complex CD3 inhibit

Table 7.12 ALC reactivity of CD8+ and CD4+ T-cell subsets'

Lymphocytes

Diagnosist Unfractionated OKT4 depleted
(CD8')

OKTB depleted
(CD41

Nylon wool non-adherent lymphocytes
Carcinoid 8
AdC 3
AdC 10
AdC 4
SCC 8
SCC 8
OSC IS
OSC 7

High density T-lymphocytes
AdC 19+
AdC 3
AdC 9

'See footnote " Table 7.5.
tSee footnote', Table 7.9.

119
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Table 7.13 Effect of mAbs directed against CD3 and CD2 structures on the ALC function of
the low and high density lymphocyte subsets*

Effector subsets
LD HD

Diagnosist OKTJ OKTII OKTJ OKTIl

SCC 39+ 39+ 20+ 6 6
SCC 20+ 18+ 18+ IS+ 0 IS+

SCC 12+ 0 0 17+ 0 23+
SCC 18+ 20+ 9 0 7 2
AdC 14+ 21+ 14+ 0 18+
AdC 22+ 13 IS+ 0 2 0
AdC 28+ 21+ 2S+ 19+ II 4

Summary 7/7 S/7 3/4 S/7 0/7 3/7**

*Low and high density lymphocytes were incubated with saturating concentration (I /lgj 10' cells) of the
indicated mAb for 30 min at 4 dc. The cells were washed once prior to the test. The mAb OKT3 is directed
against the CD3 complex and the OKTll against the CD2 (sheep red blood cell receptor).

+See footnote * Table 7.9.
§See footnote t Table 7.9.

** Positivej number of tests.

the cytotoxicity of allospecific T-cell clones23
,24. The sheep red blood cell

receptor (CD2) is also involved in the effector target interaction because
mAbs which inhibit E rosette formation were shown to block the
cytotoxicitl5

• We found that the HD cell-mediated autotumour lysis was
inhibited when the effectors were preincubated with mAbs directed against
CD3 (5/5 cases) or CD2 (2/5 cases) (Table 7.13).

The role of MHC class I antigens in the ALC was suggested by inhibition
of cytotoxicity after pretreatment of tumour cells with mAb directed to the
monomorphic part of these molecules (Table 7.14). In contrast to the HD
where ALC was regularly inhibited, LD-mediated autotumour lysis was

Table 7.14 Effect of mAb directed against MHC class I antigens of the tumour cells on the ALC
tests*

% W6/32 Effector subsets"

reactive
Diagnosist tumour ce/lst U LD HD

W6/32: + + +

SCC 70 8tt 0 30+ 39+ 20+ S
SCC NT IS+ 0 20+ 9 IS+ 2
SCC NT S 23+ 9 12 17+ 3
AdC 79 20+ 0 0 S
AdC 89 9 8 14+ 10 14+ 4
AdC 96 38+ 0 2 7 22+ 7

Summary 3/6 1/6 3/S I/S S/6 0/6H

* "Cr-labelled tumour cells were incubated for 30 min at room temperature with saturating concentration (I
/lgj 10' cells) of W6j32 mAb reacting with the monomorphic part of the MHC class I antigens. After two
washes the cells were used as targets. The mAb W6j32 was kindly provided by Dr W. Bodmer, Imperial
Cancer Research Fund, London, England.

t See footnote *, Table 7.9.
t Indirect immunofluorescence test.

** See footnote t, Table 7.10.
tt See footnote t, Table 7.9.
tt See footnote **, Table 7.13.
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Figure 7.5 Life table analysis of the postsurgical clinical course of patients with squamous cell
carcinoma (A), and adenocarcinoma (B) of the lung, related to the ALe results obtained at the
time of surgery

only partially modified by anti-class I antibodies.
These experiments show that the HD-mediated autotumour lysis shares

characteristics with allospecific cytotoxicity26,27. This similarity substantiates
the assumption that the lysis of the target cell is based on antigen recognition.

ALe test results related to the clinical course

Lymphocytes of patients with disseminated tumours only rarely lysed tumour
cells. The ALC reaction of patients who had no detectable metastasis at the
time of surgery indicated a relatively favourable postsurgical clinical course.
The proportion of tumour-free survivors was significantly higher in the
reactive group after a mean observation of 80.2 months (range 36-108) than
in the group with negative results (Figure 7.5). However, 21 % of the patients
with unfavourable clinical course also had a positive ALC (Table 7.15).

The absence of reactivity against the autologous tumour cells may reflect a
generally impaired immune responsiveness of the patients, or it may be
confined to this system and indicates the lack of tumour cell recognition. In
our material there was no correlation between survival time and K562 lysis, or
the strength of response to PHA stimulation at the time of surgerl8

•
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Table 7.15 Survival time and tumour-free period of the patients without known metastasis at
the time of surgery, related to the ALC test results*

Status Tumour-jree
ALC test Number of at the time period
results tests ofevalution n (months)

Survival/observation
(months)

34.5
23.6±9.5

79.3±19.5

69.3±23
24.6± 13.7
14.5± 12.7

11.0±4.7

15.7±15.4
6.1± 2.7

8
I
o

19
6
o

8

Squamous cell carcinoma of the lung
Positive 25 Alive

Deceased
Negative II Alive

Adenocarcinoma of the lung
Positive 9 Alive

Deceased
AliveNegative

• ALC tests were performed at the time of surgery. Clinical relevance evaluated after a mean observation time
of 80.2 months (range 36-108).

IN VITRO INDUCTION OF ALC

ALC induced in MLTC

20 MLTCs initiated with cells from lung tumour patients were tested for lysis
of autologous and allogeneic lung tumour cells and K562 on the 7th day of
the culture (Table 7.16). Autotumour lysis was generated in 12 (six

Table 7.16 Cytotoxicity generated in MLTC*

Lymphocyte Control
donort culturet MLTC effectors

No. Diagnosis Target cells

IOALC Autotumour Autotumour Allotumour** K562
2063 SCC 4tt 4 14 7 4
2089 SCC 17 22+ 15+
2024 SCC 8 IO 20+ 3 25+
2028 SCC 0 74+ 25+
2020 SCC 3 0 8 0 I
2014 SCC 14 4 II 0 12
2041 SCC 6 IO 31' 14 0
2225 SCC 6 II 0 0
2240 SCC 9 72+ 0
2244 SCC 18+ 3 37+
2226 AdC 0 4
2096 AdC IO 20+ 22+ 3
2095 AdC 8 3 20+ 4 55+
2091 AdC 13 61+ 29+
2061 AdC 5 0 I 2 1
2057 AdC 39+ 4 26+ 8 3
2016 AdC 4 6 12 II
2019 AdC 17+ 0 48+ 22+
2293 AdC 0 12 19+ 12 19+
2294 AdC 0 5 30+ 0 24+

• Lymphocytes were cultured with autologous tumour cells for 6 days and then tested for cytotoxicity in 4
hours "Cr-release assay.

t See footnote', Table 7.9.
iLymphocytes cultured alone.

"AIl are lung tumours, except that tested with 2014 effectors. ttSee footnote t, Table 7.9.

122



AUTOLOGOUS TUMOUR CELL RECOGNITION IN LUNG CANCER

Table 7.17 Cytotoxicity generated in MLC*

Lymphocyte
donort Targets

No. Diagnosis IOALC Autotumour Allotumourt K562

2014 SCC 14** 22+ 24+ 55+
2020 SCC 3 6 2 24+
2055 SCC 25+ 37+ II
2089 SCC 6 20+
2293 AdC 0 9 9 56+
2016 AdC 4 0 6 19+
2057 AdC 39+ 31' 36+
2056 AdC 12 27+ 42+ 50+
2065 AdC 9 7 4
2095 AdC 8 36+ 19+ 52+

'Tumour patients' lymphocytes were cultured with MMC-treated allogeneic lymphocytes for 6 days and
tested for cytotoxicity in 4 hours "Cr-release cytotoxicity assay. 1°ALC = direct cytotoxicity against
autologous tumour cells.

tSee footnote " Table 7.9.
t The allogeneic tumours are 3rd party targets except in one case where lymphocytes 2056 were activated with

lymphocytes 1143 and tested on tumour 1143.
"See footnote t, Table 7.9.

adenocarcinomas and six squamous cell carcinomas). Allogeneic tumour cells
were not lysed. The majority of the active populations also lysed K562 cells.
In 3/12 experiments only the autologous tumour cells were lysed. In 3/12
cases the freshly separated lymphocytes, and in one the control culture (not
exposed to the autologous tumour) were also cytotoxic,

ALC induced in MLC

Cytotoxicity against the autologous tumour cells could be induced in
MLC28

,29, when the patient's lymphocytes were cultured with MMC-treated
allogeneic lymphocytes (Table 7.I 7). In MLC cultures initiated with
lymphocytes from ten patients (four squamous cell carcinomas and six adeno
carcinomas), autologous tumour cells were lysed in five. In two of these the
primary ALC was also positive. In all but one case third party allogeneic
tumours were also lysed by those MLC populations which lysed autologous
tumour celrs.

Thus the lysis of autologous tumour cells can also be generated in MLC.
These MLC-effector cells lysed third party tumour cells more frequently than
the MLTC-s. The more efficient activation in the MLC-s compared to the
MLTC-s is reflected in the difference in anti-K562 activity between these
cultures. All MLC lysed K562 but only a proportion of MLTC-s did so.

Thus in the MLTC cytotoxic cells are generated against autologous, but
rarely against allogeneic tumours. If the patient's lymphocytes are activated in
MLC, autotumour cytotoxicity can be induced, but the effect is not selective
for these cells.

Induction of ALC by interferon (IFN)

In a series of experiments with density fractionated lymphocytes from 14
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Table 7.18 Interferon-induced ALC*

Lymphocyte Lymphocyte4
donort U LD HD

No. Diagnosis IFN: + + +++

2285 SCC 6** 22++ 9 36++ 0 I
2295 SCC 9 15++ 3 0 0 2
2296 SCC 8 8 10 8 2
2297 SCC 19+ 19+ 15 32++ 6 9
2004 SCC 26+ 20+ 22+ 43++ 3 8
2032 SCC 17+ 20+ 17+ 27++ 20' 20'
2036 SCC 12 27++ 19+ 17+
2041 SCC 6 3 6 32++ 0 II
2042 SCC 6 II 6 32++ II II
2045 SCC 12 14 32+ 36+ 23' 20+
2029 SCC 22+ 14 5 15 2 5
2034 AdC 21+ 52++ 2 21++ II 0
2040 AdC 14 37++ 0 14 0 8
2038 SCLC 15 17' 26+ 30+ 17+ 17+

Summarytt 5/14 9/13 4/13 9/13 4/14 4/14

*The effector populations were pretreated with human interferon alpha (1000 UI mil for 16 h, and washed
once prior to the test.

t See footnote *, Table 7.9.
t See footnote t. Table 7.10.

** See footnote t, Table 7.9; • the cytotoxicity is significant;" the potentiation is significant.
tt See footnote ", Table 7.13.

patients (II squamous cell carcinomas, two adenocarcinomas, and one small
cell lung carcinoma), the effect of IFN on their ALC function was compared
(Table 7.18). Without IFN treatment ALC was obtained with unfractionated
cells in 5fl4 (36%), with LD in 4fl3 (31 %) and with HD in 4fl4 (29%).
Following IFN treatment, the frequencies of ALC with the unfractionated,
LD and HD cells were 69% (9/ 13),69% (9/ 13) and 29% (4/ 14) respectively.
Thus IFN treatment induced ALC in the unfractionated and LD populations
but not in the HD cells. IFN treatment induced cytotoxicity in the unfrac
tionated and LD lymphocytes even against allogeneic tumours and K562,
while HD effectors did not lyse these targets and interferon did not induce
such function in this population30

•

Induction of ALe by OK-432

OK-432 is an immunopotentiator preparation derived from Streptococcus
pyogenes j' . It has been shown to elevate the natural killer function both in
vitro and in vivo32

• The effects of OK-432 on the cytotoxic potential of the
unfractionated, LD, and HD lymphocytes were compared in 14 lung cancer
patients (five adenocarcinomas, six squamous cell carcinomas, two small cell
lung carcinomas and one carcinoid tumour). Unfractionated lymphocytes
lysed the autologous tumour cells in three experiments (21 %), LD and HD
each in six (43%) (Table 7.19). Pretreatment of the effectors with OK-432
induced lysis in the unfractionated population in five additional cases, in the
LD subsets in four and in HD in two and potentiated the existing effect of
HD cells in one. The experiments confirmed that OK-432 induced or
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Table 7.19 OK-432-induced autotumour lysis*

Lymphocytet Lymphocyte4
donor

U LD HD

No. Diagnosis OK-432: + + +

2117 AdC 8** 22++ 30+ 32+ 19+ 50++
2118 II 14++ 3 18++ 3 14++
2119 9 17++ 9 15++ 9 18++
2111 4 4 10 10 13+ 21+
2113 0 14+ 0 0 0 0
2116 SCC 9 5 12 41++ 17+ 24+
2122 0 25++ 24+ 22+ 16+ 25+
2142 30+ 2r 10 61++ 20+ 26+
2133 0 9 6 7 7
2143 7 10 5 10 10 2
2109 10 II 15+ 19+ 0 I
2144 SCLC 15+ 15+ 18+ 15+ 8 0
2110 15+ 24+ 30+ 24+ 54+ 44+

Mean: 9.1 16.0 13.4 21.2 13.6 17.9

Summarytt 3/13 7/12 5/13 9/13 6/13 8/13

* Lymphocytes were exposed to OK-432 (50 I'g/ml) for 16 h and washed prior to the test.
t See footnote *, Table 7.9.
t Seefootnote t, Table 7.10.

** See footnote t, Table 7.9.
ttSee footnote **, Table 7.13.

potentiated the lysis of K562 exerted by the unfractionated and LD effectors.
HD cells did not lyse K562 even after pretreatment with OK-432.

CONCLUSIONS

The concept that patients with solid tumours may develop an immunological
response against their own tumour is supported by several types of immuno
logical assays. The results of available tests must be interpreted with caution,
however, and the issue is far from being decisively proven. The lack of
correlation between the outcome of various assays and the clinical course of
the disease together with the usually disappointing results of immunotherapy
are obvious reasons for doubting the relevance of seemingly tumour-specific
in vitro tests. However, even in experimental tumour grafting-rejection tests,
where a host response can be unequivocally demonstrated in vivo, in vitro
parameters do not necessarily reflect the in vivo events (see Chapter 1).
Moreover, it is hardly possible to influence an established tumour by immuno
logical means even in experimental tumour systems with proven antigenicity.
Our knowledge concerning the regulation and the mechanisms of immune
reactions against autologous tumours is clearly deficient.

In the search for immunological reactivities against freshly isolated tumour
cells we have employed two assay systems:

(1) Induction of DNA synthesis in blood lymphocytes of patients by in
vitro exposure to the freshly isolated tumour cells,
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(2) Lymphocyte-mediated lysis of these tumour cells (MLTC and ALC).

Cellular recognition of the autologous tumour cells has been demonst:-ated in
both assay systems. The frequency of positive cases was considerably higher
in the former assay. The correlation between the postsurgical clinical course
and the test results of ALC and ATS suggest that these in vitro activities may
reflect an immune control of tumour growth in vivo. The correlations were
only partial, however.

The weakness of these studies is the undefined nature of the antigens
responsible for these reactivities. Nevertheless, by application of the know
ledge that has emerged from the classical cellular immunology, tentative
conclusions can be reached. Thus antigenic recognition in the ALC is
indicated by the existing analogies between the effectors involved in the
autotumour reactivities in comparison with the primed T-lymphocytes33

• In
both systems the major population of the cytotoxic effectors belonged to the
CD8+ subset and pretreatment of the effectors with mAb to the CD3 complex
or the target cells with mAb to the MHC class I antigens inhibited the ALC
functions.

On the other hand, recognition of the autologous tumour cells in the
MLTC was not inhibited by the mAbs directed against the MHC class II
antigens, known to be involved in T-cell activation. ATS reactivities obtained
with tumour cells that do not express DR antigens further proved the notion
that these structures are not essential in the induction of proliferative response
by the autologous tumour cells34

,35.
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Melanoma
Ph. ROMKE and J. E. DE VRIES

Melanoma is one of the malignancies in which immunologists have a special
interest. The reasons are that particularly in melanoma, spontaneous dis
appearance of the primary tumour and of metastases has been witnessed, that
micrometastases may remain for a long time in a dormant state before they
grow out and that histologically primary tumours may often show regression
together with infiltration of mononuclear cells, whereas regional lymph nodes
also may bear the histological characteristics of immune reactivity. It seems
therefore that melanoma may induce an immune response in its host.

CLINICAL EVIDENCE OF SPONTANEOUS REGRESSION

Primary tumours

Occasionally, patients will present with lymph node or other metastases,
while there is no evidence of a primary tumour. Patients with such occult
primaries may constitute 4-12% of patients with metastatic melanoma1.

Although the majority of these patients have no history of a possible dis
appearance of a primary, some of them may have noticed that in the previous
1-3 years, a mole or wart had disappeared after it had changed in colour or
appearance, or had bled. In these cases often a small depigmented area of the
skin has been left.

Metastases

It has been estimated that 0.25% of all melanoma patients show spontaneous
regression of metastases2

• Compared to other malignancies, this is a high
frequency, illustrated by the observation that, although melanomas represent
not more than I% of all human malignancies, they account for II % of the
reported cases of spontaneous regression3

• It has also been estimated that
about 40% of the melanoma patients with spontaneous regression were cured,
since at more than 5 years follow-up or at autopsy performed after death from
other causes, no recurrence had occurred4

•
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OTHER CLINICAL INDICATIONS OF DEFENCE MECHANISMS

Extremely long time intervals (up to 20 years) occasionally observed before
metastases appear after removal of a primary tumour, seem to suggest host
responsiveness against the tumour which keeps tumour cell growth under
control. Another argument why particularly in melanoma, host defence
factors may playa role, is that relatively often at early stages of metastatic
disease, isotope scanning shows an enlarged spleen or a spleen-liver uptake
ratio of >I, which is rarely observed in other malignancies5

• Yet another
argument is that immune suppressed patients, such as those with kidney
transplants, are at risk to develop skin cancers, including melanomas,
suggesting that immunosurveillance is an active mechanism in the natural
prevention of developing a melanoma6

,7. Melanoma may even occur five
times more frequently than expected in the age-matched general population8

•

HISTOLOGICAL SIGNS OF SPONTANEOUS REGRESSION
IN PRIMARIES

Histologically confined partial regression in primary melanoma is not a rare
phenomenon. For instance, McGovern9 observed it in 54 of 437 (12%) cases.
The incidence in thin melanomas may even be much higher lO

• It is
characterized by dense lymphocyte infiltration around the melanoma cells
that undergo degeneration and disintegration. In a recent prospective study
for the presence of histologic regression within the primary melanoma of 844
patients, regression was found in 173 cases (20.5%). However, no statistically
significant effect of regression on survival was found in any of the three
thickness stratall

. These observations suggest that the regression is confined
to one or more clones of cells that evoke an immune response while other
clones that grow out into metastases u;-;: iU;;~h less immunogenic or not at all.

IMMUNE HISTOLOGICAL CHARACTERISTICS OF REGIONAL
LYMPH NODES

Cochran et al. 12 observed that lymph nodes adjacent to nodes partly or
completely replaced by melanoma often contained single melanoma cells, a
rare finding in tumour-free node groups draining the site of a melanoma. This
suggested that nodes affected in this way might have some functional
abnormality which permitted the survival of melanoma cells which they
harboured. Therefore, orientated lymph nodes from melanoma patients who
had undergone lymphadenectomy for suspected metastasis were carefully
examined, seeking evidence for immune dysfunction. Histological and
immunohistological examination indicated that these nodes had significantly
less paracortical hyperplasia than nodes further removed from the melanoma
infiltrated lymph nodes. This was supported by quantitative studies of
antigen-presenting interdigitating dendritic cells in the paracortices of the
lymph nodes 13

• Functional studies of the orientated lymph nodes involving
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spontaneous incorporation of rH]thymidine and incorporation induced by
exposure to PHA, ConA, alloantigens and IL-2, supported the histological
observations13

• Significant immune suppression of tumour proximal nodes
was demonstrated in most patients. Studies in progress demonstrated an
excess of ConA-inducible suppressor cells in the tumour proximal nodes and
the possible complicity of tumour-derived gangliosides as immune
suppressing agents I .

The coexistence of occult minimal tumour penetration in the lymph nodes
which are immune suppressed suggests a cause and effect relationship, with
tumour modifying lymph node function to a degree that permits tumour
growth in an area where this would not previously have been possible. Local
immune suppression may thus be an important factor of permitting local
tumour extension and eventual metastases.

AUTOIMMUNITY TO MELANOMA ANTIGENS - CASE r"EPORTS

Occasionally patients have been transfused with blood from other melanoma
patients in order to see whether rejection mechanisms could be transferred.
Sumner and Foraker 14 described a 28-years-old man in whom skin metastases
disappeared 6 months after transfusion of 250ml blood from a 30-years-old
woman in whom metastases had disappeared spontaneously. Teimourian and
McCune 15 observed a nearly complete disappearance of lung metastases 4
months after transfusion of blood from a patient who had had a surgical
resection of a melanoma with lymph node metastases 10 years earlier.

Although these case reports are remarkable and show that immune
mechanisms may have been the cause of the regression in these patients, no
further reports have appeared on the issue of transferring rejection
mechanisms from one patient to the other.

IN VITRO TESTING

Expression of MHC antigens on human melanoma

Human melanoma cells were found to express both class I and class II HLA
antigens. Analysis of frozen melanoma sections derived from primary
tumours and metastases indicated that class I and class II HLA antigens are
heterogeneously expressed 16-18. Since a decrease in class I HLA antigen

. b d d . . 161920 d h .expressiOn was 0 serve unng tumour progressiOn . . an t e expressiOn
of HLA-DR antigens on primary melanomas and metastasis seemed to be
associated with high risk of metastases and poor prognoses, it has been
suggested that tumour progression correlates with reduced expression of class
I and an increased expression of class II HLA antigens20

• However,
contrasting results were obtained in a recent study by Taramelli et al. 21

•

Although these authors also demonstrated considerable heterogeneity in class
I and class II HLA expression within single tumours and among different
metastases, no differences in class I and class II HLA antigen expression were
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observed. Fresh melanoma cell suspensions obtained from primary tumours
or metastases contained similar percentages of class I and II HLA antigen
positive cells. Whether these discrepancies are related to the different techniques
used or to limits arbitrarily set to define positive cells remains to be elucidated.

HLA-DR antigens are not expressed on normal melanocytes22 that are
considered to represent the normal counterparts of malignant melanoma
cells. Therefore, it may be concluded that HLA-DR antigens appear on
melanoma cells as a consequence of a malignant transformation process.

Class II HLA antigens expressed on monocytesjmacrophages and B
lymphocytes have been shown to be required for antigen presentation23

,24 and
are associated with the activation of autologous and allogeneic lymphocytes.
Recently, it has been demonstrated that HLA-DR antigens expressed on
human melanoma cells are also involved in the activation of autologous
lymphocytes25

• Melanoma cells, strongly expressing HLA-DR antigens
selected from a melanoma cell line which was heterogeneous for HLA-DR,
were more effective in inducing autologous lymphocyte activation than
melanoma cells lacking HLA-DR expression. In addition, this lymphocyte
activation was shown to be inhibited by an allospecific anti-HLA-DR
antiserum. Fossati et al. 26 demonstrated that lymphocytes from melanoma
patients could be activated by stimulation with autologous HLA-DR+
melanoma cells derived from primary tumours, whereas HLA-DR- cells from
primary tumours failed to do so. In some cases these activated lymphocytes
were also found to be cytotoxic for autologous melanoma cells. In contrast,
metastatic melanoma cells were unable to induce proliferative or cytotoxic
autologous lymphocytes, irrespective of the presence or absence of HLA-DR
antigens on these melanoma cells. However, in 60% of the cases HLA-DR+
metastatic melanoma cells were able to stimulate allogeneic lymphocytes of
normal individuals, indicating that the HLA-DR antigens on metastatic
melanoma were functionally active.

Gamma interferon has been sh(".l.'~ t~ ",nhance the expression of class II
HLA antigens on tuman melanomi6

,27. This enhanced class II HLA
expression resulted in an increased proliferation of allogeneic lymphocytes,
whereas no effects were observed with autologous lymphocytes26

• Although in
the studies mentioned above autostimulation with melanoma cells was only
induced by cells from primary tumours26

,28-30, others have shown that
successful induction of cytotoxic lymphocytes by autologous melanoma cells
was also obtained with cells from pleural effusions3l or melanoma celllines32

•

On the other hand, a recent study in which the role of HLA-DR antigens in
stimulating autologous lymphocytes was investigated, showed that both
HLA-DR- and HLA-DR+ tumour cells were able to stimulate autologous
T-cells. Since monoclonal anti-HLA-DR antibodies did not inhibit the
proliferation-inducing effect, these authors concluded that HLA-DR antigens
did not significantly contribute to T-cell activation induced by autologous
tumour cells33

•

Thus, although some of the studies suggested a potential role of HLA-DR
antigens in regulating tumour-host interactions, others led to opposite
conclusions. Therefore the exact role of class II HLA antigens on melanoma
cells in lymphocyte activation remains to be established.

132



MELANOMA

Melanoma-associated antigens

Several test systems such as mixed haemadsorption, immunoadherence,
cytotoxicity and immunofluorescence have been used in the search for
melanoma-associated antibodies in sera of patients. In this review we will
only refer to a study where autologous typing was performed with sera and
cells from the same patient using several techniques in parallel and carried out
in combination with absorption analysis to determine the occurrence and
quantity of antigen on cells from various sources34

• Antibodies to three
different classes of surface antigens were described. Class I antigens are
restricted to the autologous tumour and cannot be detected on autologous
normal cells or on any other normal or malignant cell type. Class 2 antigens
are shared tumour antigens found on autologous as well as on allogeneic
tumours of similar and in some cases dissimilar origins. Recent information
indicates that some class 2 antigens are autoantigenic differentiation antigens
since they are also detected on a restricted range of normal tissues35

• Class 3
antigens are widely distributed and not restricted to tumour cells.

Autologous typing of sera from 75 melanoma patients showed that in 75%
of the patients IgG or IgM anti-melanoma antibody could be detected. Of the
30 patients in whom the antibody analysis was complete, four patients had
antibody identifying class I antigens, five patients class 2 antigens and 21
patients class 3 antigens34

• The low frequencies of class I and class 2 reactivity
may have several explanations, ranging from lack of class I antigens on the
majority of melanomas to lack of antibody to melanoma class I and class 2
antigens in the majority of melanoma patients. It is also possible that the
serological tests used are of insufficient sensitivity to detect antibodies of low
titre or low avidity. In addition, it has been shown that class I reactivity with
cultured melanoma cells could only be detected in one out of six different
metastases obtained from the same patiene6

, suggesting that class I reactivity
may be more common than the studies carried out with one single cell culture
from each melanoma patient would indicate. However, these class I antigens
are of the greatest interest as they show absolute restriction to the autologous
melanoma cells and they can be considered as tumour specific antigens that
are able to induce the immune response (although infrequently) in the
tumour-bearing host. Class 2 antigens have a high degree of specificity for
melanoma cells but are also detected on human melanocytes37

, on tumours
from neurectodermal origin and on fetal as well as on adult brain. Class 2
antigens are not only recognized by melanoma patients, since antibodies with
anti-class 2 reactivity have been detected in 5% of the sera from normal
non-transfused individuals38 and in the serum of a patient with astrocytoma39

•

Despite relatively high antibody titres it has not been possible to characterize
class I antigens biochemically. Class 2 antigens should be considered as
autoantigenic differentiation antigens. The clinical significance of antibodies
to class I and class 2 antigens on human melanoma cells is unclear. In one
melanoma patient it was demonstrated that the presence of antibody
appeared to be associated with the presence of tumour, since tumour
recurrence was associated with a rising antibody titre, whereas removal of the
tumour resulted in a decreasing titre34

• Irie et al. 40 demonstrated a correlation
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between survival of postoperative stage 2 and 3 melanoma patients and their
serum levels of antibodies to one particular type of class 2 antigen, the
oncofetal antigen I (OFA-I). This OFA-I antigen is expressed on 50% of the
melanoma cells, on human tumours of various histological types and on
human fetal brain41

• Antibodies to OFA-I could be detected in 60% of the
melanoma patients and were shown to be cytotoxic for melanoma cells in
vitro in the presence of complement. This OFA-I antigenic system has
recently been shown to contain two specificities, OFA-I-I and OFA-I-2,
which are both present on melanoma cells. Like the original OFA-I, OFA-I-I
is also found on various histological types of human cancer cells and fetal
brain, whereas OFA-I-2 is only detected on tumour cells of·neuroectodermal
origin4u. The OFA-I-I is related to the AH class 2 anti~en4L and both antigens
are found to be comparable to the GD2 ganglioside 5,43. An immunothera
peutic trial with a vaccine prepared from melanoma cells expressing OFA-I
indicated that anti-OFA-I antibodies could be enhanced in 19 out of 23
melanoma patients treated44

• In contrast, a recent immunotherapeutic trial
carried out with a whole cell vaccine prepared from the melanoma cell line
SK-MEL-13 expressing the AH class 2 antigen appeared to be very
ineffective in inducing anti-AH antibody responses4'. Only in I of 20 patients
were anti-AH antibodies generated, whereas all 20 patients developed
antibodies against surface HLA alloantigens of the immunizing SK-MEL-13
cells. These latter results may explain why antibodies against these types of
antigens are so rare in melanoma patients despite the presence of these
antigens on over 50% or more of melanomas. Comparable data were
obtained in a trial in which 13 melanoma patients were treated with
autologous melanoma cell vaccines. Humoral immune responses could only
be detected in two patients45 and were found to be directed against class 2
melanoma antigens. The reason for the general lack of responsiveness to class
I and class 2 melanoma antigens remains to be determined, but may be
attributed to unfavourable presentcii.~uii ;:;f the antigen, antigen modulation,
inhibition of the antibody response by suppressor mechanisms or restriction
of the response to cellular rather than humoral immune reactivity.

CELLULAR IMMUNE REACTIVITY

In the mid-1970s several investigators attempted to establish that melanoma
patients had circulating lymphocytes with specificity for the autologous
melanoma cells. Lymphocyte stimulation, leukocyte migration inhibition or
direct cytotoxicity techniques were used. Only when proper control experi
ments for specificity were carried out, was it recognized that much of the
reactivity was non-specific and could also be found in healthy individuals.
This reactivity, called natural killer (NK) cell activity of lymphocytes, is one
of the important activities believed to play a role in the natural immune
resistance. Whether this activity is important in the tumour-host relationship
is still a matter of debate.
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Melanoma-NK cell interaction

NK cells belong to a subset of lymphocytes that without any presensitization
of the host are able to kill a large variety of tumour cells in vitro. They
comprise 1-2.5% of the total peripheral lymphocyte population46 . Most NK
cell activity resides in a distinct subpopulation of lymphocytes bearing a
receptor for the Fc portion of human IgG and designated as large granular
lymphocytes. Anatomically, NK cell activity is easily detectable in the
peripheral blood, lymph nodes and spleen and to a lesser degree in the bone
marrow and peritoneal cavity. NK cells are absent from the thymus47 . The
cytotoxic activity of NK cells from all anatomical sites can be enhanced by
exposure to tumour cells48, viruses49, bacterial rroducts like BCG50 and
Corynebacterium parvum51

, and chemical agents5 like poly I:C. These NK
enhancing effects were shown to be mediated by biological response modifiers
such as interferon and interleukin-253,54. Many studies in recent years have
demonstrated that NK cells may play a role in the host control of nascent

46475255 H h" f hi' I d'tumours ' , '. owever, t e maJonty 0 t ese ear y expenmenta stu les
were carried out with lymphoma cell lines that were selected for their suscept
ibility for NK cell activity. Recent evidence suggests that NK cells are
predominantly effective in early tumour cell elimination but have no effect on
later tumour progression56. Furthermore, it has been shown that NK cells
may play a role in the control of tumour metastasis. Adoptive transfer of
cloned NK cells57 resulted in a 50-85% reduction in the development of
melanoma Bl6 lung metastases following intravenous inoculation of tumour
cells in mice rendered NK deficient by cyclophosphamide treatment57. NK
cells that are able to kill fresh autologous and allogeneic melanoma cells in
vitro have been demonstrated in the peripheral blood of melanoma patients58 .
However, for these NK cells to exert antitumour effects, they have to traffic to
and become localized within the tumours. Since low numbers of NK cells are
detected in lymphocytic infiltration of melanorn~59~nn very low levels of NK
cell activity were found in lymphocytes isolated from these tumours60, it
seems fair to conclude that NK cells play an insignificant role in the host
defence against already existing melanoma tumours. Although advanced
tumour growth in humans is associated with reduced NK activity61 and
advanced tumour patients have significantly lower numbers of circulating NK
cells62, NK cell activity had no clear prognostic significance in melanoma
patients. The notion that NK cells have no significant effects on the growth of
existing melanomas is supported by the disappointing results of many
immunotherapeutic trials carried out with biological response modifiers.
Systemic administration of BCG, C. parvum and interferon resulted in
enhanced NK activity, but had no effect on tumour growth and progression
of the disease53,54.

Melanoma-T-lymphocyte interaction

The close association observed between T-Iymphocytes and melanoma cells in
lymphocytic infiltrates in melanomas suggested that T-Iymphoc~te-melanoma
cell interaction may playa role in tumour-host interactions9, 2,59,63-65. It has
been demonstrated that purified T-Iymphocytes from melanoma patients
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were able to lyse autologous cultured melanoma cells in IS of 32 patients
tested66

• The presence of this cytotoxic reactivity seemed to be correlated with
tumour volume but not with tumour stage. However, like most of these types
of studies carried out to demonstrate specific cell-mediated immunity, the
cytotoxic reactivity was insufficiently controlled and on many occasions the
results may have been obscured by natural killer cell activity present in these
bulk effector cell populations. On the other hand, it is well established that
peripheral blood lymphocytes from melanoma patients can be induced to
proliferate by co-cultivation with autologous irradiated melanoma cells26

,28.

Stimulation of peripheral blood lymphocytes from melanoma patients by co
cultivation with autologous melanoma cells resulted in the generation of
lymphocytes that were cytotoxic for autologous T-lymphoblasts29

-
31

•

Furthermore, cytotoxic T-Iymphocytes that were able to lyse autologous
melanoma cells were also generated, when peripheral blood lymphocytes
from melanoma patients were activated by co-cultivation with pooled
allogeneic peripheral blood l~mRhocytes or allogeneic EBV-transformed B
lymphoblastoid cell line cells 9- . However, these lymphocytes had !l much
broader specificity and were often found to be cytotoxic for a variety of other
tumour cells29

•

These data imply that activation of peripheral blood lymphocytes from
melanoma patients can result in the generation of cytotoxic T-Iymphocyte
(CTL) clones that recognize and interact with determinants expressed on
autologous melanoma cells, but which are absent on autologous normal cells.
This notion prompted us to investigate whether such CTL clones with auto
melanoma reactivity could be isolated from bulk cultures in which
lymphocytes from a melanoma patient were either activated by co-cultivation
with autologous melanoma cells from a pleural effusion, or by stimulation
with cells of an allogeneic EBV-transformed B-ceIlline31

• Limiting dilutions
of these bulk cultures carried out in the presence of feeder cells resulted in the
isolation of CTL clones that lysed aUlulugous melanoma cells. Both T4+ and
TS+ CTL clones were obtained. Analysis of the specificity of the clones
showed that they were cytotoxic for autologous melanoma cells but not for
autologous fibroblasts or autologous T-Iymphoblasts. Furthermore, these
CTL clones lysed approximately 60% of the allogeneic melanoma cells tested,
whereas in a panel containing 25 normal and other non-melanoma tumour
target cells (including many that are very susceptible for natural killer cell
activity) less than 10% of the cells were lysed. Inhibition studies with
monoclonal antibodies directed against class I and class II MHC antigens
excluded the possibility that the anti-melanoma reactivity of the CTL clones
was directed against HLA antigens. This notion was confirmed by the finding
that monoclonal antibodies directed against T3, which inhibits the cytotoxic
reactivity of CTL clones specific for HLA antigens, did not affect the
cytotoxic reaction of the anti-melanoma CTL clones31

• Taken together, these
data indicate that CTL clones can be obtained which recognize determinants
preferentially expressed on melanoma cells. This anti-melanoma reactivity
was not MHC-restricted. In order to characterize the antigenic structures
recognized by these CTL, monoclonal antibodies were produced against
melanoma cells and selected on their capacity to block the cytotoxic reactivity
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of the autologous CTL clones. Two monoclonal antibodies were found to
inhibit the cytotoxic reactivity of an anti-melanoma CTL clone. Biochemical
analysis revealed that one antibody (AMF-6) reacted with a melanoma
associated high molecular weight proteoglycan (MW>450-250kD). The
other monoclonal antibody (AMF-7) reacted with a melanoma-associated
antigen with a molecular weight of 150-95 kD (1. E. de Vries et al., submitted
for publication). The antigens detected by AMF-6 and AMF-7 were
selectively expressed on human melanoma. Significant cross-reactivity of
AMF-6 was only observed with most naevi, perineurium and astrocytomas.
AMF-7 cross-reacted with some naevi and endothelial cells of very small
vessels, but not with those of the large vessels. Both monoclonal antibodies
did not react with normal skin melanocytes or B16 murine melanoma. Both
melanoma-associated antigens were shown to be involved in the adhesion to
endothelium and in the fibronectin-induced motility of human melanoma
cells in vitro, suggesting that the high molecular weight proteoglycan and the
150-95 kD molecule may playa role in metastasis of human melanoma. This
notion was supported by the finding that AMF-7 stained primary melanoma
tumours heterogeneously and that many AMF-7 negative cells were present.
In contrast, metastases showed a strong and homogeneous staining with
AMF_767

• Interestingly, the finding that these antigens are also recognized in
vitro by the T-cell clones with anti-melanoma reactivity, suggests that these
cells have receptors for these molecules and that interaction of the receptors
and the melanoma-associated antigens results in lysis of the melanoma cells.

IMMUNOTHERAPEUTIC APPROACHES

Based on the assumption that melanoma cells may carry surface antigens to
which the host is naturally not able to develop effective rejection mechanisms,
several immunotherapeutic approaches have been clinically applied in the
hope of improving the prognosis in all stages of the disease.

Non-specific stimulation

Mainly in the adjuvant setting, immunostimulators such as BCG, C. parvum,
levamisole, transfer factor, and many other agents have been administered in
the hope that outgrowth of micrometastases could be postponed or even that
tumour cells could be killed. However, extensive randomized studies have not
shown that non-specific stimulation of the immune response results in a better
prognosis68

,69.

Notwithstanding the negative results in many of the trials, new immuno
stimulating drugs continue to be tested in randomized adjuvant trials. For
instance, in a randomized study on patients surgically treated for regional
lymph node metastases, the WHO Melanoma Cooperative Group is testing
the effect of polyadenylic-polyuridylic acid (poly A-poly U). This non-toxic
double-stranded complex of synthetic polyribonucleotides is an inducer of
interferon and a modulator of humoral and cellular immune resQonses, which
may have improved the prognosis of breast cancer patients70

• In mouse
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tumour models it has been shown that it retards tumour growth.
Non-specific stimulation as an adjuvant to chemotherapy in advanced

disease has not shown that it improves the response rate to chemotherapy.
For instance, in the WHO-sponsored trial no. 8, in which BCG or C. parvum
was added to dacarbazine in a randomized trial of 196 evaluable patients, no
improvement of the response rate of dacarbazine was observed71

•

Interferons

Recently, non-specific immunotherapy has focussed on the use of interferons
in patients with metastatic disease. Generally, when patients with visceral
metastases are involved, no effects are seen. However, in patients with 80ft
tissue metastases and occasionally also with lung metastases, remissions have
been observedn

-
75

. Carter76 analysed six abstracts of the 1984 ASCO-AACR
meeting and concluded that a cumulative response rate in 159 evaluable
patients was nearly 10%, and 18%, if mixed responses and stable disease are
included. No obvious differences are seen between recombinant IFN-y, human
leukocyte or lymphoblastoid IFN. It has been claimed that, by treating
patients simultaneously with cimetidine orally, T-suppressor cell activation is
inhibited and, as a consequence, leukocyte interferon may become more
effective77

• It does not appear that the interferon effect is highly dependent on
the dose. 12 mega units recombinant IFN-y three times a week7 seemed as
effective as the more toxic dose of 50mega units, three times a week73

,74.

Complete responses of more than 2.5 years' duration have been obtained in
two out of 23 patients78.

As yet, interferons have not been employed in adjuvant trials, nor have they
been tested in combination with chemotherapy

Topical and intralesional 'immuno'therapy for primaries and skin
metastases

A number of drugs and immunomodulating organisms or fractions thereof
have been applied to primary melanomas, in-transit metastases, and other
skin metastases. One of the substances that have been used to eradicate
primary melanomas of the superficial type, is the hapten dinitrochloro
benzene (DNCB). About 2 weeks after skin sensitization, repeated
applications of DNCB in acetone or Vaseline on normal skin as well as on
primary tumours or metastases provoke a delayed type of skin reaction with,
in the more severe forms, an eczematous component. This reaction, if locally
induced in primary superficial spreading melanoma, may lead to complete
regression. After the first report on three cases by Malek-Mansour79

, several
investigators have tried the method. We refer here to the recent publication of
Illig et af. 80 who have reported induction of 46 complete responses in 50
patients. The complete regression was histologically proven in the first 16
cases, after which no further patients were therefore submitted to excision of
the skin where the melanoma had completely regressed. With a 5-year
disease-free survival of 88%, the results seem excellent, but the lack of
histological proof and thickness measurements makes it impossible to
definitely evaluate the value of this approach. It still remains to be investigated
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whether this method has the notable advantage over surgery that it may
promote an immune response to the tumour.

Another agent that has been used intralesionally in primary melanomas is
vaccinia virus81

,82. In a non-randomized study in 48 patients who received
vaccinia virus before surgical removal, the ultimate prognosis seemed better
than could be expected82

.

Topical ONCB treatment of cutaneous metastases may result in disappear
ance of these metastases, but in most patients new metastases will continue to
appear79

•

Intralesional BCG injections in superficial metastases are probably the
most frequently applied wa~ of topical or intralesional treatment of
metastases. Mastrangelo et al. 8 have reviewed 14 publications and concluded
that regression of injected nodules was seen in 95 out of 127 (66%) nodules,
while regression of uninjected nodules was seen in 21 out of 120 (21%)
metastases. In 26 out of 98 (27%) of the patients a complete response was
achieved.

It can be concluded that topical or intralesional immunotherapy may
occasionally be appropriate as a therapy for primary melanomas that cannot
be surgically removed, or for skin metastases, in particular when in-transit
metastases are involved.

Topical treatment combined with chemotherapy

Topical or intralesional immunotherapy has, until now, not been employed as
an adjuvant to chemotherapy in haematogenous metastases. This is
remarkable since, on the one hand, systemic immunostimulation has been
tested in many trials and on the other, intralesional application of BCG has
alreadl proved more effective in the eradication of metastases than systemic
BCG8

• Riimke and Israels85 pretreated 39 patients with skin metastases with
ONCB before OTIC was given. 19 patiePt~ h~d skin metastases only.
Remarkably, nine patients (23%) achieved a complete response and five of
them (13%) were still in complete remission 3-8.5 years after the start of the
therapy. Because of these time intervals, and also because two of these
patients had lung metastases as well, it seems likely that the ONCB treatment,
presumably by enhancing an immune response, had potentiated the OTIC
effect. Synergistic activity of a specific antitumour immune response and
chemotherapy has been shown to occur in some experimental systems86

,87.

Specific immunization

With the aim of inducing or reinforcing a melanoma-specific immune
response, irradiated or neuraminidase-treated autologous or allogeneic
melanoma cells or fractions of these cells have been employed as vaccines.
Virallysates have also been used to prepare fractions containing melanoma
associated antigens. So far it has not been shown that vaccination results in
the formation of antibodies against melanoma-associated antigens. Some
clinical observations suggest, however, that vaccination may improve the
prognosis. For instance Seigler et al. 88 used neuraminidase-treated melanoma
cells with BCG to inject 719 patients as an adjuvant to surgery of primary

139



IMMUNOLOGY OFMALIGNANTDISEASES

melanoma. In patients with thicker stage I melanoma, the survival rates were
better than historical control data from other institutions89 . With a Newcastle
disease virus oncolysate, repeatedly vaccinated patients operated for regional
lymph node metastases had an excellent prognosis, with nearly 90% of the
patients still alive after 3 years90. Irradiated allogeneic cells injected by the
intralymphatic route in 34 patients, who received this treatment as primary
therapy for distant metastases, revealed two complete and seven partial
responses91 . In yet another study, a highly purified preparation of allogeneic
melanoma-associated antigens emulsified in complete Freund's adjuvant was
used as a vaccine. Since surgical debulking was often performed and since
immunotherapy was often combined with OTIC therapy, the results are
difficult to assess, but it was remarkable that of 26 patients who had failed on
either OTIC or on immunotherapy alone, 19 responded to the combination92

•

As stated earlier, this observation also warrants studies to investigate the
potentiating effects of specific immunotherapy upon chemotherapy.

From a molecular point of view the vaccines were not characterized. Now
that monoclonal antibodies have become available and the characterization
of membrane antigens of melanoma cells becomes possible, it can be expected
that with the use of ONA cloning procedures, pure antigenic fractions can in
future be prepared on a scale that will permit immunization experiments.
Molecules such as receptors for growth factors and those involved in
adhesion to endothelial cells may be candidates for experimentation. It will
then also become easier to measure the cellular and humoral responses of the
host to the defined molecules. Monitoring of the immune response to define
vaccines is mandatory in order to gain insight into the immunogenicity of
melanoma-associated antigens.

One of the reasons why immunotherapy may not result in effective
tumoricidal activity is the development or activation of T-suppressor cells.
In several animal models suppressor cell activity has been shown to inhibit
tumour-related immune responses emu LIltaeby to promote tumour growth. In
patients with stage I and II melanoma increased T-suppressor cell activity was
associated with tumour growth93 . The use of drugs that inhibit suppressor cell
activation in conjunction with immunization may therefore be considered.
Cimetidine, a blocker of Hz histamine receptors, has been shown to inhibit
suppressor cell activity. It is thought to have potentiated in this way the effect
of interferon in melanoma patients77 and together with coumarin it has led to
regression of metastases in two patients94. Cyclophosphamide in low doses
has been shown to inhibit T-suppressor cell activity in mouse tumour
models95 and has been shown to facilitate tumour rejection in animals96

•

These and other drugs that may inhibit suppressor cell activity are yet to be
tested in studies in which the aim is to stimulate the host's immune response
against his own tumour.

As mentioned above, some 'specific' immunotherapeutic trials have shown
a clinical benefit, and in a few studies dacarbazine seemed more effective
when patients were first 'vaccinated' or treated topically with ONCB on skin
metastases. Since, in several experimental models, vaccination potentiated
the effect of chemotherapl6,87, future randomized trials should address the
question as to whether indeed, in immunocompetent patients with a small
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tumour burden, vaccination together with inhibition of T-cell suppressor
activity will potentiate the effect of chemotherapy.

Adoptive immunotherapy with autologous lymphocytes

Already IS years ago patients had been treated with their own lymphocytes
after the white cells had been activated in vitro by PHA. In a study of IS
patients, nine of which had melanoma with cutaneous metastases, activated
or non-activated control lymphocytes were injected intralesionally with the
activated cells. 20 of the 21 metastases regressed, while only six out of 14
regressed when injected with non-activated cells and none of 10 metastases
injection with saline and one of the II untreated metastases regressed97

•

Regressions of pulmonary metastases have been observed in one of two
patients treated intravenously with large numbers (at least 108

) of the
activated cells98

•

More recently, in vitro and in vivo cytotoxic effects have been obtained
with autologous long-term T-cell line cells injected into skin metastases of one
patient99

•

Rosenberg et al. 100 treated 25 cancer patients with infusions of interleukin-2
in combination with autologous lymphocytes activated in vitro by
interleukin-2. These lymphokine activated killer (LAK) cells were shown to
kill melanoma cells in vitro. Their results indicated that melanoma patients
may benefit from the sophisticated and elaborate regime. One melanoma
patient attained a sustained complete remission of more than I year, three
others experienced partial remission, but three progressed.

The problem with these adoptive immunotherapeutic approaches is that
large quantities of cells are needed, which implies that highly toxic side-effects
are unavoidable, while, on the other hand, it is not yet known whether all
injected cells are potentially involved in the cytotoxic reactivity. Therefore, in
the future, it is hoped that by cloning of cytotoxic T-cells or of LAK cells a
higher specificity can be obtained so that the same effects can be achieved
with less cells, provided that the clones are directed against the various
antigens present on all melanoma cells. Heterogeneity of antigen expression
of melanoma cells is now well described. It exists not only among melanoma
derived from different patients lOI but also between autologous primary and
metastatic· tumours, as described above67

,102 for the antigen detected by
monoclonal antibodl AMF-7 or even between different clones derived from
the same cellline36

,lo • The highly significant differences in the susceptibility to
lysis by autologous cytotoxic T-Iymphocytes of various melanoma clones
derived from the same cell line 104 indicate that for optimal therapeutic
effects cocktails of specific cytotoxic T-cell clones will have to be used. To
answer the question whether adoptive immunotherapy has any future, both
cloned effector cells and cloned melanoma cells will have to be used in vitro in
order to unravel tumour as well as effector cell heterogeneity.

Monoclonal antibodies against melanoma-associated antigens

An expanding literature on the use of monoclonal antibodies (mabs) against
melanoma-associated antigens and the molecular characterization of the
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. h lb' d b al h 105-107antIgens as recent y een revlewe y sever aut ors .
Although none of the antigens identified so far are specific for melanoma,

some of them are so much more concentrated on or in melanoma cells than in
other cells, that the antibodies against these antigens can potentially be used
in the diagnosis and treatment of melanoma. Some of them are directed
against antigens whose functions are largely known. These mabs are
important tools for fundamental research in the pathogenesis, immuno
genicity, metabolism, metastasis formation and progression of melanoma.

The clinical research, carried out in vitro and in vivo, with various mabs
will be discussed with reference to the molecules identified by these
antibodies. The emphasis will be on those antigens and antibodies that are
potentially of interest for immunotherapy.

p97

p97 is a glycoprotein with a molecular weight of 97000 expressed on the
surface of over 80% of melanoma cell lines and in melanoma extracts wo. Later
studies showed that the antigen also occurred on normal and fetal cells, but
the concentration was stilllO-100-fold higher on melanoma cells, naevi and
fetal intestine. Structurall~ and functionally it is related to transferrin109

•

Imaging studies with 11 In-labelled antibodies against p97 showed that half
of 100 metastases could be imaged dependent on the amount of antibody
administered and site of the metastases. With the higher dosage skin
metastases could all be detected, while 89% of lymph node, 75% of bone, 67%
of lung and 33% of brain metastases could be imaged. Considerable back
ground uptake was observed in blood pool and other organs with gradual
acquisition of label in tumour sites by 48-72 hllO

. It was also shown that the
antibodies were cleared slowly from the circulation and that early rapid
distribution of labelled antibody to the liver can be reduced by increasing the
dose of unlabelled antibodyili.

High molecular weight proteoglycans

A high molecular weight antigen consisting of chondroitin sulphate moiety
with a molecular weight of >450 kD and a core glycoprotein with a molecular
weight of 250 kD is present in high concentration on 90% of melanomas, but
also on some astrocytomas and skin cancer lI2.1l3

. Selective localization of an
antibody (coded 9.2.27) against this antigen was demonstrated in nude mice
xenografted with human melanomall4

• In one study the antibody was
administered intravenously to eight metastatic patients. Biopsies of nodules
demonstrated the selective localization of the antibody on the cell surface of
the melanoma cells with dose response to the quantity administered. 4 days
after 200 mg antibody had been injected nearly all viable melanoma cells
appeared to be coated, albeit not saturated, by the antibodyll5. The patients
experienced few side-effects from the administration of the monoclonal
antibody. Only three of the eight patients developed antibodies against the
mouse immunoglobulin; moreover, the antiglobulin response seemed to be
transient and seemingly regulated by higher doses of antibody. Although in
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this study no clinical responses were seen, it paved the way for further studies
to explore the use of higher doses of monoclonal antibody and conjugates
thereof. In a preliminarx communication it was stated that 500 mg antibody
was also well tolerated 16. Interestingly, when combined with mononuclear
cells of mouse spleens, the antibody could completely destroy human

I af d · d . 117me anoma xenogr te m nu e mice .
Recently it was shown that the antibody labelled with 1251could selectively

inhibit the colony-forming ability of a melanoma cell line carrying the
antigen ll8

• Clinical trials with the isotope labelled antibodies are therefore
warranted.

Ganglioside GD3

GD3 ganglioside has mainly been studied by the mab R24, developed by
Dippold et al. 119. GD3 is a prominent ganglioside on the surface of melanoma
cells and other cells of neurectodermal origin such as melanocytes and
astrocytes. The antibody R24 mediates a variety of biological functions,
including detachment of melanoma cultures, and tumour cell aggregation. In
addition, complement-mediated cytotoxicity and antibody-dependent cell
mediated cytotoxicity with human effector cells were observed 120. The
antibody binds to all primary melanomas and metastases, also with most
benign naevi, but not with normal and fetal tissues. Within a tumour there
can be quantitative differences of the cells in the binding of the antibodyl21.

Biopsies of metastases of patients infused with the antibody show binding of
the antibody, and of complement factors, as well as infiltration of mono
nuclears l2l

. In another study 12 patients were injected intravenously with 8,
80 and 240 mg antibody/ m2 in a period of 2 weeks. Biopsies showed
lymphocyte and mast cell infiltration, mast cell degranulation and
complement deposition. Side-effects were mild and readily controlled by
antihistamines. Clinically, partial responses were observed in five patients,
with major tumour regression in three patients. In all patients antibodies to
mouse immunoglobulin developed within 15-40 days. It was considered that
for further studies higher doses can be employed 120.

Future aspects of immunotherapy with monoclonal antibodies

Although in the studies described above a few impressive responses were
observed, if is crear that passive immunotherapy with a single monoclonal
antibody as such, does not have much future. Since the expression of tumour
associated antigens may vary considerably even among the cells of the same
tumour, it is likely that single mab immunotherapy will lead to selective
outgrowth of tumour cell clones expressing other antigens. Therefore, if
passive immunotherapy as such should be given a chance, at least mab
cocktails should be employed in order not to leave a number of cells
unsensitized. Obviously, a prerequisite of such an approach should be that the
biological capacities of all antibodies are such that effector mechanisms of the
host can be switched on. Since only some classes of muroine mabs have the
capacity of activating human complement and of mediating cellular cyto
toxicity, selection for these biological characteristics is a necessity. If the
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effectiveness of mab immunotherapy is dependent on humoral and cellular
mechanisms of the host, it is clear also that these mechanisms may have to be
enforced in conjunction with the administration of the mabs. Particular
antibody-dependent killer cell systems would have to be activated and
amplified with the appropriate lymphokines.

Therapy with conjugates of mabs with radioactive isotopes, toxins,
biological response modifiers and cytostatic drugs is another possibility.
Results of the first clinical trials can be expected to appear soon. However,
the main obstacle will still be the formation of anti-mouse immunoglobulin
antibodies. Particularly if they are directed to the idiotypes of the mabs, i.e.
against those epitopes that are part of the binding sites, these anti-antibodies
will prevent the binding of the mabs to the target cells even if the mabs are of
human origin.

There may well be a reason to exploit the possibility of synergistic actions
between mabs and chemotherapy. Some mabs, such as those of the IgG2a
and IgG3 isotypes, are able to activate human complement by which they
may kill the cell. However, nucleated cells will seldom all be killed by
complement and some clones are resistant to lysis in spite of the appropriate
binding of the antibodies. Destruction of active complement factors by mem
brane enzymes and repair mechanisms that heal complement-induced lesions
are responsible for the resistance. Adriamycin was found to render resistant
cells sensitive to complement lysis by inhibiting these mechanisms 122. 123. More
over, adriamycin increases cellular-induced cytotoxicity by different
mechanisms 124.

If indeed a synergistic action of monoclonal antibody therapy (with anti
bodies of the appropriate isotypes) and chemotherapy can be definitely
proven in animal models, there is every reason to embark on combination
therapy trials in patients whose tumours are found to be resistant to the
respective single agents, including the antibody.
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9
Immunological Features of Human
Bladder Cancer
S. PAULIE AND P. PERLMANN

INTRODUCTION

Bladder carcinoma is globally one of the ten most common types of
malignant diseases, being more than twice as frequent in men as in women. In
contrast to some other carcinomas such as colon carcinoma, the frequency of
bladder cancer is showing a world-wide increase, in several areas being as
high as 100% over the last 20 years. The exact aetiology is unknown but a
relationship to cigarette smoking and to the exposure to certain chemical
substances (e.g. ~-naphthylamine, benzidine) has been demonstrated 1

,2. In the
great majority of cases (>95%) tumours arise in the transitional epithelium of
the bladder wall, ureter or renal pelvis and the disease is often referred to as
transitional cell carcinoma (TCC). Treatment has generally been performed
by transurethral resection or irradiation but successful therapy of superficial
tumours has also been achieved with intravesical instillations of chemo
therapeutic agents3

• Regardless of the type of ueatmtnt, prognosis is closely
dependent on the stage and malignancy of the individual tumours stressing
the importance of early and accurate diagnosis.

Bladder cancer is also one of the tumours for which immune defence
mechanisms have been assigned a role in affecting the course of the disease.
This presumption originates from the frequent observations that patients with
leukocyte infiltrated tumours generally show a better prognosis than patients
without such infiltration. Moveover, spontaneous regressions of established
bladder tumours have occasionally been reported4 and an activation of the
immune response is also believed to be the reason behind the therapeutic
effects of BCG, especially in preventing tumour recurrenceS

,6. In the present
report we will discuss some of the studies performed to analyse the specificity
and the mechanisms of this immune response, especially emphasizing the
recent identification of a number of TCC-associated antigens.

IMMUNE RESPONSE IN TCC PATIENTS

Bladder carcinoma has, together with malignant melanoma, become one of
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the most extensively studied human tumours with regard to the host's
antitumour response. A brief recollection of these studies shows that TCC
patients can respond immunologically to the development of their tumours.
From in vitro experiments assessing lymphocyte cytotoxicity several
investigators have found that lymphocytes from TCC patients are more prone
to kill bladder tumour cells than a variety of control cells7

-
1O

• Such TCC
related killing was not observed if lymphocytes were obtained from patients
with other malignant diseases or from healthy donors. The TCC-related
cytotoxicity was seen to be superimposed upon a normal NK activity and was
most pronounced in untreated patients with localized non-invasive
tumourslO,ll. Reactivity was lower in patients with a heavy tumour burden
and was often seen to disappear after removal of the tumour7

• Interestingly, a
similar TCC-related cytotoxicity as demonstrated in patients has also been
observed with lymphocytes from clinically tumour-free industrial workers
having been exposed to chemical carcinogens known to induce tumours of
the urinary tract12

• Although cytotoxicity in vitro is an artificial system, the in
vivo relevance of these studies has been supported by prospective follow-up
studies where a significantly lower rate of survival was seen in patients
displaying low specific cytotoxicity than in a comparable group of patients
with high specific cytotoxicity13.

Considerable effort has also been made to determine the effector
lymphocyte population active in these reactions. Although confounded by the
simultaneous presence of non-specific cytolysis (NK, natural antibodies) these
studies have clearly demonstrated the participation of antibodies as a
substantial part of the specific cytotoxicity against allogeneic TCC cells l4 .
Consistent with this finding, it has also been established that serum antibodies
from TCC patients exert a similar disease-related cytotoxicity when tested in
ADCC (antibody dependent cellular cytotoxicity)15,16. A minor but
significant part of the specific cytolytic activity seen with patients'
lymphocytes could, however, not tc assigned to humoral factors, suggesting
the simultaneous operation of other effector mechanisms.

BLADDER CANCER ANTIGENS

Although most of the investigations referred to above were performed with
limited panels of target cells these studies indirectly support the existence of
TCC-associated antigens acting both as stimulators and targets for the
immune response of TCC patients. A better knowledge of the characteristics
and cellular distribution of these putative antigens is of prime importance for
the further elucidation of this immune response. The definition of such
neoplastic markers should also contribute to the development of improved
methods for diagnosis and, in a longer perspective, possibly also serve as the
basis for immunotherapeutic approaches. Moreover, the recent recognition of
cellular oncogenes and some of the physiological functions of their products
has also stimulated the search for corresponding properties of tumour
associated antigens (TAA). Although the formal evidence proving that
antibody-defined TAAs are directly involved in cellular transformation is
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lacking at present, it seems likely that some TAAs will turn out to be products
of activated oncogenes.

With our own findings as a basis we will in the following describe what is
presently known about TAAs in the bladder cancer system. In doing so we
have deliberately excluded earlier work performed with hyperimmune sera.
Due to the inherent difficulties in using extensively absorbed antisera these
studies have rarely if ever been conclusive. For discussion of these earlier
results and of the use of enzymatic and other markers in diagnosis of bladder
cancer see Wahren and Perlmann17

•

D~rivation of monoclonal antibodies

As repeatedly affirmed, the hybridoma technique has dramaticlly improved
the possibilities of defining individual characteristics of tumour and normal
cells. With the use of monoclonal antibodies one can dissect the tumour cell
into its constituents enabling a detailed comparison with normal cells. In our
studies of bladder cancer we have raised a large number of hybridomas with
the expectations that some of them may produce antibodies directed towards
antigens expressed only by malignant cells. The approach that we have used
has been outlined in Figure 9.1 and is similar to that of other investigators.
The use of cultured cells for immunization and for the primary selection of
hybridomas was based solely on practical considerations. However, the
relevance of using cell lines has been widely demonstrated in other tumour
systems. While the hybridoma technique does not require purified antigen for
immunization it is, however, dependent on easily performed screening
methods to single out the hybridomas of interest. For this purpose we have
used an ELISA assay where antibodies from hybridoma supernatants were
assessed for binding to glutaraldehyde-fixed target cells l8

• In the primary
selection this included the cells used for immunization, normal urothelial cells
and a few non-TCC tumour targets. Hybrid()~:!~ "howing production of
TCC-associated antibodies were selected and subcloned. Monoclonal
antibodies from such cultures were then tested against a large panel of in vitro
grown cells (as exemplified in Figure 9.1 with mab S2C6) and finally with
fresh tumour and normal tissue sections.

TCC-associated antigens

By the procedure described above we have obtained monoclonal antibodies to
five distinct antigens being preferentially expressed by bladder carcinoma
cells. This TCC-associated distribution was first revealed as tested against a
large panel of in vitro cultured cells18

,19 and was further confirmed and
extended with freshly isolated tissues of normal and malignant origin (Table
9.1)20. As seen from Table 9.1, all of the antigens were expressed on a majority
or all of the TCC specimens tested but could not be demonstrated on normal
uroepithelium. Moreover, three of the antigens (4E8, SK4H-12 and 8F4)
have so far not been seen on any other types of tissues, while the remaining
two were also found to be expressed by a few other distinct cell types. One of
these, S2C6, was found to also be a highly specific marker for B-lYI11J?hocytes
expressed by normal as well as by malignant cells of the B-lineage I. It was
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Figure 9.1 General procedure for derivation and selection of monoclonal anti-TCC antibodies.
Cultured target cells used in ELISA screening were A) TCC cells; B) normal urothelial cells;
C) non-TCC carcinomas; D) malignant melanoma; E) B-ceillymphoma; F) T-cell lymphoma;
G) fibroblasts; H) normal blood cells

not found on any other type of blood cells and is likely to represent a hitherto
undetected B-cell marker. This antigenic relationship between two so
disparate cell types is intriguing and may also provide clues as to the
functional properties of this molecule.
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Table 9.1 Reactivity of anti-TCC antibodies with frozen sections of tumours and normal tissues*

Monoclonal antibodies

Tissue/ cells No. 4£8 SK4H-12 S2C6 7£9 8F4
IgG2a IgG2a IgGI IgG3 IgG2a

Tumour
Bladder ca. 14 8/14 10/14 10114 10/14 12/12
Breast ca. 3
Pancreas ca. I
Lung ca. 2
Hypernephroma I
Colon ca. I
Melanoma 5
B-CLLt 13 13/13
let 6 6/6
HCL** 4 4/4
Myeloma 2
CMLtt 3
T-CLLH 4

Normal
Bladder 3
Liver 1
Salivary gland 2
Skin 2
Colon I
Ileum I
Tonsil 2 2/2
Spleen I III
Lymph node I III
Thymus 3 3/3
Placenta 2
Prostatic 5 4/5

hyperplasia
Granulocytes 2
Monocytes 2
Lymphocytes 2
RBCA,B,a

*Tissues were" stained by indirect methods for immunoperoxidase and immunofluorescence;t
B-cell chronic lymphocytic leukaemia; timmunocytoma; **hairy cell leukaemia; ttchronic
myeloid leukaemia; tn-cell chronic lymphocytic leukaemia

As revealed by immunoprecipitation studies (for procedure see Figure 9.2)
all five antibodies recognized distinct cell surface antigens of varying
molecular size (Figure 9.2)19,22. Three of the antibodies were seen to
precipitate more than a single component. All antigens were of glycoprotein
nature showing affinity for the lectin concanavalin A.

Using similar approaches·, other groups have recently reported on the
production of monoclonal antibodies with TCC-associated specificity. Some
of these are listed in Table 9.2. In the most comprehensive of these reports,
Fradet and co-workers have obtained monoclonal antibodies to"a number of
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Figure 9.2 Autoradiograph of celilysates immunoprecipitated with anti-TCC antibodies. TCC
cells were surface-labelled with 1251 and the detergent soluble fractions immunoprecipitated with
monoclonal antibodies complexed to ProteinA-sepharose. Precipitates were separated by
NaDodSO./polyacrylamide gel electrophoresis (reduced conditions) and analysed by auto
radiography. The antibodies used were A) 4E8; B) SK4H-12; C) S2C6; D) 7E9 and E) 8F4

cell surface antigens primarily expressed by TCC cells23
• While several of

these were also present on other tumorous or normal tissues, some showed a
highly restricted expression confined to subsets of bladder carcinomas.
Interestingly, antibodies to one of the most restricted antigens, Om5, were
obtained after immunization and selection with fresh tumour material and
were only weakly expressed by in vitro grown TeC lines. Other reports
describing the derivation of monoclonal antibodies capable of discriminating
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Table 9.2 Characteristics and cellular distribution of some TCC-associated antigens

Antibody Antigen (kO) Immunizing cells Tissue distribution Reference

Om5(yl) NO Fresh papilloma Bladder ca. 23

JPI65 (1'1) NO 253J/486P Bladder and renal ca. 23

Tl38 (~) 25 T24 Bladder ca., a few 23
other tumours, endothelium

TIOI (y2a) NO 124 Bladder ca., a few 23
other tumours

G4 (~) 80 647V Bladder ca. 24

HBEIO (~) Glycolipid KU-I Bladder ca. 25

HBA4 (~) 130/78/40 KU-I Bladder ca. 25

3G2-C6 (1'1) 90 MGH-UI Bladder ca., renal 26

and testicular tumour-s

4E8 (y2a) 190/170 TCCSuP Bladder ca. 18,20

SK4H-12 (y2a) 100 124/S0 Bladder ca. 19

S2C6 (1'1) 50 TCCSuP Bladder ca., 20,21
B-lymphocytes, medullary cells of thymus

7E9 (1'3) 92/23 TCCSuP Bladder ca., 18,20
endothelium, ductal epithelium of prostate

8F4 (y2a) 140/85 TCCSuP Bladder ca. (unpub!.)

NO = not determined

between normal and malignant urothelium have usually been less conclusive
especially in regard to their reactivity with Unrt;lC1U;U i;ssues24

-
29

. In several of
these investigations tests have as yet only been performed on cell lines or with
small numbers of tissues. Similar to the previous antibodies all appear to
recognize cell surface molecules and are usually present on a majority of TCC
specimens tested. In addition, Grossman30 has produced a monoclonal
antibody, A2, directed to a cell surface antigen on the TCC line, RT4. This
antigen was absent from most other cell types including other TCC cells.
Although reminiscent of the unique tumour antigens expressed by chemically
induced experimental tumours, reactivity with minor histocompatibility
antigens of the RT4 donor was not excluded. In conclusion, although
differences in the tested material and the frequent lack of antigen analysis
prevent any detailed comparison between results obtained by different
groups, the available data suggest the coexistence of a relatively large number
(probably 5-10) of tumour-associated antigens on bladder cancer cells.

Relation to tumour stage and grade

Bladder carcinoma is a heterogeneous disease. On the one hand it can present
itself as superficial papillary lesions of highly differentiated cells and with
good prognosis while, at the other end, it is a life-threatening tumour of
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poorly differentiated cells showing a rapid and invasive growth pattern. An
interesting question is whether or not these marked differences in biological
behaviour are also reflected in the expression of cell surface antigens. That
this may in fact be the case has been shown for at least some of the now
defined antigens. Thus, the OmS antigen has been seen to be almost solely
confined to low grade papillary tumours and cancer in situ23 (c. Cordon
Cardo, personal communication) while a corresponding association to high
grade tumours has been seen with the G4 antigen of Chopin et al. 28 and with a
90kD antigen defined by Young et a1. 26

• These findings are of considerable
interest as the antibodies may detect qualitative characters of the tumour cells
and could provide the means for a differential diagnosis of aggressive and
non-aggressive tumours.

However, the majority of TCC antigens, including those studied by our
own group, seem to be expressed without any apparent correlation to the
grading and staging of the disease.

Urothelial antigens

In addition to the antibodies directed to malignancy-associated antigens,
antibodies to urothelial tissue type specific antigens have also been obtained.
With reactivities being more or less restricted to the uroepithelium these
antibodies can be further divided into those recognizin¥: all urothelial cells
and those detecting distinct subpopulations of cells31

- 3. In most cases a
corresponding distribution was observed for the neoplastic cells. Although
this type of antibodies may prove most useful in studies concerning embryo
genesis and differentiation of this tissue type, they should also be explored for
possible correlations between the antigenic phenotype and the biological
characteristics of tumour cells. Such a relationship has previously been
observed for blood group antigens of the A, B, H type where deletions of
these antiJ§ens appear to be associated with a more aggressive clinical
behaviour.

Nature of TCC-associated antigens - possible role in oncogenesis

From the above it is now clear that malignant urothelial cells can be
distinguished from their normal counterpart as well as from most other
tumour or normal cells by virtue of their cell surface phenotype. As discussed
in a later section, this may have several clinical implications for the diagnosis
and management of this disease but also raises questions as to the nature and
physiological functions of these antigens. Extensive studies of TAAs in the
melanoma system35 have shown that many of these represent differentiation
antigens expressed during distinct stages of melanocyte maturation36

• As
malignant transformation is known to include the arrest of cells at a certain
stage preventing further differentiation, the tumour clone may become
antigenically distinct from the majority of cells forming the normal tissue.
Although most of the TCC-related antigens have not been seen on
urothelium, discrete stages comprising a minority of cells may have escaped
detection. Furthermore, TAAs in other tumour systems have been claimed to
represent fetal differentiation antigens which are re-expressed as a con-
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sequence of transformation. The most well known examples of such oncofetal
antigens are CEA (carcinoembryonic antigen) and AFP (alphafetoprotein).
These are abundantly found in gastrointestinal tumours (CEA) and
hepatomas (AFP) as well as in the corresponding fetal tissues. The possibility
of such a relationship between the TCC antigens and fetal tissue antigens has
not been extensively elucidated. However, studies by Fradet et al. and by
ourselves have been unable to demonstrate any reactivi~ of the anti-TCC
antibodies with fetal urothelium of the bladder or ureter2 ,23. Although most
or all of the TCC-related antigens may ultimately be classified as belonging to
the group of differentiation-related molecules, the possibility that some of the
most restricted ones (e.g. Om5 and 4E8) represent tumour-specific products
should not be excluded.

Another group of molecules expressed in a differentiation-associated
manner are those coded for by cellular oncogenes (proto-oncogenes).
Fulfilling fundamental roles in normal cells, activation of these genes either
by critical mutational changes or by deregulation at the transcriptional level
may have profound physiological effects on the cells where this occurs.
Isolation and incorporation of such DNA into certain susceptible
premalignant cell cultures (transfection) have been shown to confer malignant
features, like growth in nude mice, upon the transfected cells. Other studies
have shown that the activation of at least two different oncogenes is required
to fully transform normal cells (oncogene co-operation)37. To date more than
30 different cellular oncogenes have been identified as constituents of the
normal cell genome38.39 . For one of these, c-ras, coding for a 21 kD
polypeptide, the transforming capacity is induced by a single amino acid
substitution40.41 . As this was first revealed in transfection studies using DNA
from two TCC cell lines (T24 and EJ)40,41 the ras gene has been implicated in
the genesis of this tumour type, a conclusion which was further supported by
the demonstration that the specific type of mutation required could be
induced by several chemical carcinogens42. Cllner studies have, however,
disproved ras activation as a common feature of all bladder cancers in that
the transforming gene could only be traced in a proportion of TCC tumours
investigated43.44 .

Although oncogene products and TAAs are usually looked upon as two
distinct groups of molecules, this is more a reflection of the different ways by
which they were first detected (at the DNA and protein level, respectively)
than of established differences in their properties. Whether the expression of
some TAAs will also show a causal relationship to the transformation process
is something that can be finally settled only with the isolation and transfection
of the corresponding DNA. Recent developments in penetrating the
physiological activities of certain oncogene-coded molecules have, however,
yielded important guide lines as to the probable functions of some
transforming proteins. Thus, in scrutinizing the properties of oncogene
products displaying a similar cell surface location as the now defined TCC
antigens, several have been shown to be structurally and functionally
homologous to growth factor receptors45,46. A characteristic and assayable
feature of these molecules is their phosphoprotein nature and their capability
to phosphorylate themselves or other suitable substrate molecules primarily
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using tyrosine as the site for phosphorylation47
• Such protein kinase activity

has been assigned an important role in which cells can respond to and
propagate external growth signals.

In a first attempt to indirectly relate our TCC antigens with a possible
receptor function, we have recently examined them for this particular type of
enzymatic activity using the in vitro protein kinase test described by Collett
and Erikson48

. The results indicate that the 8F4 antigen, but not any of the
others, constitute a protein kinase capable of autophosphorylation
(unpublished results). Whether or not this indeed indicates that the 8F4
antigen is a receptor site for an active growth factor remains to be elucidated
but is intriguing especially in the light of recent findings where some TCC cell
lines have been shown to produce their own growth promoting factors49

. Such
mutual expression of growth factors and the corresponding receptor has been
suggested to be an important way by which tumour cells can make themselves
independent of normal growth signals (autocrine stimulation)50.

CLINICAL APPLICATIONS

Anti-TCC antibodies in diagnosis

As is the situation with many types of tumours, successful treatment of
bladder cancer is closely dependent upon an early and accurate diagnosis.
Hopes of improving the present methods for tumour detection have been
centred on the use of specific tumour markers combined with sensitive
immunological test systems. In its most attractive form tumour detection may
be achieved by analysing serum or urine for presence of TAAs. This requires
that the antigens are released from the tumour into the body fluids where
their demonstration would be indicative of a progressing tumour. Due to the
short history of the now defined TCC-<tssociated antigen/ antibody systems
their practical use in this type of assay has not yet been evaluated. Great
efforts are, however, being made to develop such test systems. A certain
amount of cross-reactivity with normal tissues or other tumours should not a
priori exclude antibodies from being used in this kind of assay. Although such
antibodies can be expected to give some false positives this is difficult to
foresee and should be tried empirically.

More direct applications of the anti-TCC antibodies would be as a
diagnostic adjunct to conventional histopathology and to cytologic
examination of cell sediments from urine or bladder washings. These methods
which both rely on the identification of characteristic morphological features
are by definition most efficient in detecting tumours of higher malignancy
grading while tumours of lower grades may often be difficult to clearly
differentiate from normal cells. As several of the anti-TCC antibodies
discussed above appear to be detecting early (possibly premalignant) changes
in the urothelium, they should be particularly useful for the determination of
these low grade tumours. While the efficiency in immunostaining of tissue
isolates has already been proven for most TCC-related antibodies, the
corresponding staining of exfoliated cells in urine or bladder washings has not
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been extensively studied. Chopin and co-workers have, however, recently
reported on the use of two of the antibodies (G4 and £7)51 for immuno
peroxidase staining of bladder washings from TCC patients and control
groups. The sensitivity of these antibody tests appeared to be similar to
conventional Papanicolaou staining in that the same numbers ofTCC patients
appeared positive (14/18). The four negative samples were all low grade
tumours which is in accordance with the previously reported selectivity of
these antibodies for high grade tumours28. Positive staining of the normal and
tumour control groups was limited to one out of 5 I with both methods.

I.mmunolocalization and approaches to therapy

The idea of using tumour-specific antibodies for in vivo localization of
tumours dates back more than 20 years. Labelled with short-lived radio
isotopes such antibodies, administered systemically, may trace the tumour
and the accumulated radioactivity revealed by whole body gamma scinti
graphy. Without doubt, also here, monoclonal antibodies have added a new
dimension to this type of approach, not only due to their proven potential in
selecting suitable target antigens but also for providing an inexhaustible
source of stable and monospecific reagents. By using carefully selected
antibodies, often in a fragmented form (Fab or F(ab')2) and under well
defined conditions immunolocalization has become a powerful tool in the
detection of certain types of tumours52 . While immunoimaging is primarily
intended as a way of early detection and guidance for conventional therapy
the same principle may, however, also be applied for targeting therapeutic
doses of radiation or chemotherapeutic agents to the tumour site. Moreover,
recent results have shown that administration of tumour-specific mouse
antibodies by themselves, probably mainly through the arming of host
effector cells, may exert therapeutic effects53 .

Although immunolocalization, per se, can oe assumed to be of limited
additional value for the detection of localized bladder tumours it should
provide meaningful help in cases where one has reason to suspect lymph node
involvement or metastasis to other body locations. This and the prospect of
immunotherapy has led us to make preliminary investigations of the
suitability- of some of our antibodies for localization in vivo. Using the nude
mouse as a carrier of transplanted human TCC and control tumours we have
so far been able to demonstrate the specific localization of three of the
antibodies (7£9, 4£8 and 8F4)54 (unpublished results). With a tumour/
normal tissue radioactive ratio between 2 and IO these results were similar to
those obtained by others employing different monoclonal antibodies and
tumour types. As expected, blood and blood-rich organs contained the major
background radioactivity while antigen negative control tumours and most
normal tissues showed no specific uptake.

HUMAN ANTIBODIES

The surface location and cellular distribution of the now defined TCC
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antigens make them compatible with being targets for the patient's immune
response. Although information to this effect is presently lacking, purification
of these antigens will in time provide the means for assessing their possible in
vitro and in vivo relevance. Despite this apparent efficiency in using
xenogeneic antibodies for the identification of antigens there also exist
several reasons for more direct approaches exploiting the antibodies
produced in tumour patients. Thus, it can be assumed that patients'
antibodies are more liable to recognize relevant antigens and epitopes than
are xenogeneic antibodies. Moreover, human antibodies, as such, represent a
more suitable reagent for applications in vivo in that they do not normally
give rise to neutralizing anti-Ig antibodies as is often the case after repeated
injections of murine immunoglobulin. In spite of these advantages, reports on
the characterization of tumour antigens defined by human antibodies are
scarce and none have so far been described in association with bladder
tumours.

However, this is primarily a reflection of the difficulties connected with
obtaining suitable antibody reagents. Thus, the generally low titres and
plurispecificity of patients' sera have in most cases disqualified their use in
immunoprecipitation or related methods for antigen analysis. Although
several techniques for enriching the specific antibodies have been described it
is first with the introduction of methods for in vitro growth and cloning of
human B-lymphocytes that this question could be properly addressed. In
addition to the formation of human hybridomas, human B-cell cultures may
also be obtained by immortalization with Epstein-Bar virus55

. Unfortunately
none of the methods have so far proved to perform as efficiently as the mouse
hybridoma technique but improvements are constantly being made and the
derivation of human monoclonal antibodies to a variety of antigens,
including some of tumour-related nature, have recently been reported
with both methods (for review see refs. 55, 56). In line with this and hoping to
find antibody reactivities reflecting ~~~ l:::~oral antitumour response of TCC
patients we have established a series of B-cell cultures and clones after trans
formation with EBV. Using similar assays as for the mouse monoclonal
antibodies, i.e. cell-ELISA and immunofluorescence, we have to date
examined antibodies from more than 35 patients for target cell specificity and
for antigenic location57 (unpublished results). Clones producing antibodies to
cellular antigens were in this way obtained from a majority (>70%) of the
patients tested. The antibodies reacted with antigens in all cellular compart
ments including nucleus, cytoskeleton, cytoplasma as well as plasma
membrane. These results are similar to those of others employing
lymphocytes from patients with other malignant diseases58

• While most of the
antibodies were directed to common antigens more selectively reacting
antibodies were also occasionally encountered. As these have so far only been
tested against cultured cell lines further assessment with fresh and also with
autologous tissue sections should be awaited before concluding on their
specificity. Whatever the outcome of these tests, this study has clearly
demonstrated the potential of the approach in dissecting the antitumour
response of patients. Further improvements in methodology including the
definition of growth requirements of B-cells and in techniques for in vitro
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activation will no doubt stimulate this line of research.
Although not covered in this report, corresponding developments in the

culturing and cloning of human T-cells have also provided new means for
elucidating the involvement of T-cells as cytolytic effector cells and regulators
of the immune reponse in tumour patients. No such studies with relevance to
bladder, carcinoma have, however, been reported as yet.
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Immunobiology of Human Breast
Cancer
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BREAST CANCER-ASSOCIATED ANTIGENS

The analysis of surface membrane and intracellular antigens in breast
carcinoma cells has been greatly accelerated by the discovery of monoclonal
antibodies produced by somatic cell hybridization!. Such antibodies provide
a large supply of a reagent which reproducibly recognizes a single antigenic
epitope. This allows analysis of epitope and antigen expession as well as
purification and characterization of the antigen.

Monoclonal antibodies to breast cancer have been of rodent or human
origin. The rodent monoclonals have been derived by immunizing mice or
rats with live breast tumour cell lines2

, breast cancer membrane, cytosolic
extracts3 and human milk fat globule preparations~. The immunized rodent
splenocytes are then isolated and fused to appropriate HGPRT-negative
myeloma partners and grown in HAT media. Hybridomas are selected which
produce rodent antibodies capable of binding to breast cancer antigens.
Human monoclonals are derived from breast cancer patients' draining
axillary node lymphocytes which are fused to either rodent or human
myeloma cells5

• Hybridomas secreting human immunoglobulin reactive with
breast tumour antigens are selected and cloned.

Monoclonal antibodies have been used to characterize the physical and
chemical properties of breast cancer-associated antigens as well as the tissue
distribution and cellular location of these antigens. For many of the
monoclonal antibodies to breast cancer there is very little information
concerning the relevant antigen. From a review of the literature we can,
however, recognize several immunodominant antigens and speculate on both
structure-function relationships and clinical applications. Immunodominant
antigens include high molecular weight mucins and receptors for transferrin,
epidermal growth factor (EGF), oestrogen, and progesterone, as well as a
number of proteins which are shed from tumour cells or internalized rapidly
by tumour cells (see Table 10.1).
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Table 10.1 Properties of breast cancer-associated antigens defined by monoclonal antibodies

mab Antigen Surface Fraction breast as bound Shed

OF3 mucin y 43/54 Y
Mc5 mucin Y Y
2G3 mucin y 21/21 Y
HMFG-I mucin y 150/158 Y
HMFG-2 mucin y 152/158 Y
11508 mucin y 61/62 y
672.3 mucin y 32/62, 12/49 Y
LON-M8 mucin y 40/40 Y
NCRCII mucin y 119/126 Y
CAl mucin y 22/22,20/20 Y
F36/22 mucin Y 17/22,53/67 Y
24-17.2 transferrin receptor y N
454AI2 transferrin receptor Y 6/21 N
MIG8 oestrogen regulated N 20/25 Y

52000 dalton glycoprotein
CII oestrogen regulated N 18/70 N

24000 dalton protein
H59 oestrogen regulated Y 59/152, 26/42, 38/71 N

30000 dalton heterodimer
Mc3 46000 dalton glycoprotein Y Y
24-17.2 100000 dalton protein y 12/13 Y
67011 Mam-3a 40/83,58/184 Y
115HI0 Mam-3b 11/18,100/184 Y
115C2 Mam-3c or lacto-N- 32/171 y

difucohexaose II
10-302 126000 dalton Y N

phosphoglycoprotein
B6.2 NCA Y 36/51 N
BI4B8 70000-90000 dalton protein y 45/61 N
520C9 210000 dalton protein Y 5/20 N
MBrl glycosphingolipid Y 54/72 N
323A3 45000 dalton glycoprotein T- 82/136 N
McR2 70000 dalton glycoprotein Y N
41B4 230000 dalton protein N 14/21 N
3E1.2 y 37/37 Y
3BI8 N 27/31 N
15A8 Y 28/31 N
MBE6 N 74/87 N

High molecular weight mucins

An immunodominant antigen in human breast milk fat globules, breast
cancer membrane extracts and breast cancer cell lines is a glycoprotein of
greater than 300-400kD. Monoclonals which react with this antigenZ

-
4

,6-18

include Mc5, 2G3, HMFG-l and HMFG-2, DF3, 115D8, B72.3, LICR
LON-M8, NCRC-I I, CAl and F36j22. All of these antibodies react with
diffuse bands of high molecular weight on Western blots of human milk fat
globule or breast cancer membrane extracts. This large glycoprotein antigen
is 50% carbohydrate with the carbohydrate side-chains consisting of
galactose (39%), N-acetylgalactosamine (16%), N-acetylglucosamine (21 %),
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sialic acid (17%) and fucose (7%)19. This glycoprotein binds to wheat germ
agglutinin (which reacts with .8I,4-N-acetylglucosamine) and peanut lectin
(which reacts within galactose-.8I,3-N-acetylgalactosamine)20. The carbo
hydrate moieties are linked through the reducing ends of N-acetylgalactos
amine via on a-glycosidic linkage to the hydroxyl group of serine and
threonine on the po}¥peptide'1

. 60% of the protein amino acids are alanine,
threonine, proline, ~Iycine and serine l9

• The structure of the antigen consists
of about 200 oligosaccharide chains each containing an average of ten
monosaccharide units. The antigenic determinants or epitopes of the antigen
are primarily on the carbohydrate side-chains.
. As one would predict from the structure of the antigen, many different

epitopes are expressed on the high molecular weight glycoprotein, each with
many copies per antigen molecule. One of the epitopes (HMFG2) appears to
be only on complex carbohydrate side-chains found primarily on different
iated normal glandular epithelial cells and breast mile2,23. The HMFGl
epitope is present less commonly and at lower density on the surface of poorly
differentiated breast carcinoma cells. Further, this epitope is found only on
higher molecular weight forms of the antigen24. HMFG I and similar epitopes
are widely distributed on antigen present in a number of secretory normal
epithelia. Other epitopes such as B72.3 are not found in normal cells and are
restricted to neoplastic epithelial tissue9

. The structure25 for B72.3 may be the
oncofetal oligosaccharide determinant Tn. Tn is N-acetyl-D-galactosamine
linked to the hydroxyl group of serine or threonine on the antigen. Tn is
found on smaller glycoproteins with incomplete glycosylation. Most of the
published monoclonal antibodies to the large glycoprotein antigen react with
epitopes intermediate in tumour-specificity and oligosaccharide complexity
to HMFG1 and B72.3.

The chemical properties of this antigen and the immunohistologic distribu
tion of its epitopes suggest that it is a mucin. Mucins are hirh molecular weight
glycoproteins with at least a 50% content ofcaroonyarate2 (Figure 10.1). They
are secreted by and found on the surface of epithelial cells from the mouth,
lungs, cervix and intestine. Although their function is unknown, mucins are
thought to provide a protective barrier against osmotic and pH gradients as
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Figure 10.1 Structure of mucin
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well as physical trauma. The antigen appears identical to the previously de
scribed breast mucins EMA (epithelial membrane antigen) and PAS_OI9.27.

Breast mucin is present on the apical borders and secretions of normal and
lactating breast epithelium. Well differentiated breast tumours, benign lesions
and normal ducts show a delicate staining of the apical luminal surface. In
contrast, poorI;' differentiated tumours demonstrate cytoplasmic localization
of the antigen2 . When breast cancer cell lines are exposed to sodium butyrate
(a potent inducer of differentiation in haematopoietic cell lines), there is a
ten-fold increase in surface membrane expression of breast mucin29 . These
observations can be understood by considering the mucin as a breast different
iation protein which must be normally extensively glycosylated and
transported both to the apical cell surface and into the lumen. Defects in
proper differentiation signals affecting either glycosylation or protein
transport can lead to the malignant phenotype. -

Unusual glycosylation and modification of intracellular transport of
mucins may be important components in the embryonic and neoplastic
process. When breast cancer cell lines are grown in conditions which promote
three-dimensional growth and cell-to-cell contact there is from a ten- to 100
fold increase in the expression of the Tn epitope on the cell surface30. Tn is
also expressed on cell surfaces in a discrete phase of fetal development3!.

Thus, a normal role for the T and/ or Tn determinant on mucins may involve
adhesion to other cells or their substratum. Breast cancer cells express far
more T/ Tn intracellularly and on their cell surface than do their normal adult
counterparts. This is probably due to the efficient glycosylation and transport
of mucins to the apical membrane and lumen in normal breast tissue which is
disrupted in cancer cells. The diffuse surface T/ Tn expression of breast
mucins in breast cancer cells may increase their metastatic potential. This
hypothesis is supported by the dependence of a T or Tn-lectin interaction for
adherence of lymphoma cells to hepatocytes in vitro and for metastatic
growth in vivo32

• There has been miuirni:ll :,tudy of the nature or function of
most of the oligosaccharide side-chains recognized by monoclonal antibodies
to breast cancer mucins.

There are several recognized clinical applications of monoclonal antibodies
to breast mucins. The antigen is shed into the serum of breast cancer patients
and elevated serum levels are found in 80-85% of patients with distant
metastases and 40-50% of patients with only axillary node metastases33

-
38 .

Unfortunately, 2% of healthy individuals and 20-50% of smokers and
patients with renal insufficiency also have elevated levels. However, as in the
case of CAl25 for ovarian cancer39.40, there is an excellent correlation
between the course of the disease and the serum mucin levels.

Most of the monoclonal antibodies to the breast mucins do not react with
normal mesothelial or endothelial cells and can aid in immunohistochemical
diagnoses of carcinoma on smears of cells from serous effusions41,42. This is
useful in approximately 15% of samples in which the similarity of well differ
entiated adenocarcinoma cells and reactive mesothelial cells prevents routine
cytologic diagnosis. Similarly, monoclonal antibodies to the breast mucin
have been applied to detect micrometastatic involvement of bone marrow in
patients with primary breast cancer43.44 . Patients with microscopic mucin
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positive cells have been demonstrated to relapse more frequently and earlier
than their cohorts without positive marrow cells. Cases of carcinomatous
meningitis can be differentiated from lymphoma, neural tumours and reactive
pleocytosis in the CSF using immunocytology with panels of monoclonal
antibodies45 . Since anti-breast cancer mucin monoclonals react with a broad
range of carcinomas they may be useful in future panels for this application.
Lymphoid tissues and tumours do not express epitopes of breast mucins.
Consequently, the monoclonal antibodies to the mucin have also shown value
in confirming the egithelial origin of neoplasms in formalin-fixed paraffin
embedded tissues46. . At least one monoclonal antibody to the breast mucin
(NCRCll) has been used in an immunoperoxidase assay on paraffin sections
Of primary breast cancer to predict clinical course48. With NCRCll the
intensity of staining was directly related to survival and was independent of
other prognostic factors. Such an assay when used in combination with the
other known prognostic factors may permit more accurate prediction of
clinical course.

Radioimmunoimaging of breast carcinoma metastases has been accomp
lished49-51 with the anti-mucin antibodies DF3, 115D8, Ll CR-LON-M8,
HMFG1, and HMFG2. Metastases in bone only were visualized with 111 In_
labelled M8. Factors which may have contributed to this result were the high
epitope density on bone metastases, the excellent medullary blood supply and
the variable epitope expression and poor vascular access of extraskeletal
metastases. The high non-specific reticuloendothelial uptake may also have
limited the ability to detect non-skeletal metastases. Radioiodinated HMFG1
and HMFG2 were used successfully to image non-skeletal metastases in the
chest, abdomen and pelvis. Both the use of single photon emission
computerized tomography (SPECT) and 123I-Iabelling may have facilitated
the detection of extraskeletal metastases. DF3 has been radioiodinated and
injected intralymphatically to detect axillary nodal metastases prior to
axillary dissection. The results are too preliminary to judge. Excellent specific
lymphatic imaging has, however, been obtained with the anti-breast cancer
monoclonal antibody 3El-2 for which the antigen is unknown52.

Transferrin receptor

An ubiquitous antigen on breast cancer cell lines is the transferrin receptor.
Monoclonal antibodies which have been made to breast cancer cell lines and
which react with the transferrin receptor8.53 include 24-17.1 and 454A12. The
transferrin receptor is a 180000 molecular weight glycoprotein composed of
two equal subunits of 94000 daltons54-58. The glycoprotein antigen contains
5% carbohydrate by weight and a small amount of fatty acid. The transferrin
binding site has an affinity of about 109 L/ mol for transferrin with a higher
affinity for iron-saturated, diferric transferrin than non-ferric or apotrans
ferrin. Each subunit of the transferrin receptor binds one molecule of
transferrin.

The complete sequence of the transferrin receptor is known and deductions
can be made about its structure59,60. There is a cytoplasmic N-terminal tail of
61 amino acids. This region has four serine residues which can act as
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Figure 10.2 Structure of the transferrin receptor

acceptors for phosphate modification. Immediately preceding the trans
membrane segment is a very basic sequence lys-pro-lys-arg which is a
cytoplasmic anchor. There is a membrane spanning region of 28 amino acids
which contains 14 uncharged residues and 14 hydrophobic amino acids.
There are eight cysteine residues per subunit, four of which are clustered in
and around the transmembrane region. One or more of these cysteine residues
represents the site of disulphide bonding between the subunits. Finally, there
is a C-terminal region outside the cell of 70000 daltons with an extracellular
trypsin-sensitive cleavage site, lys-Ciii;-l:r-s, at positions 128-130 and three
extracellular sites for asparagine-linked glycosylation, Asn-X-Ser/Thr, which
matches with the three N-linked carbohydrate chains in the mature receptor
(Figure 10.2).

Transferrin receptors are located on the surface membrane and in
intracellular vesicles within cells in culture and appear to have a similar
location in tissue sections. Most cell lines express transferrin receptors61

-
63

•

Similarly, normal as well as malignant tissues undergoing proliferation
l' . 64-67 Th 1·· I d hexpress tranSlernn receptors . ese norma tIssues me u e aema-

topoietic precursors in the bone marrow, seminiferous tubules in the testis as
well as basal epithelium of the skin, oesophagus and intestines. In addition,
transferrin receptors have been found on some tissues which either transport
iron or use it for specialized functions. These tissues include placental syncy
tiotrophoblast, brain capillaries, anterior pituitary cells, Kupffer cells,
pancreatic islet cells, hepatocytes and kidney proximal tubules. The high
density of receptors on proliferating cells may reflect the additional iron
required for two daughter cells. In contrast to the mucin differentiation
antigen which is restricted to epithelial cells, the transferrin receptor is a
functional antigen present wherever increased proliferation or a special need
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for iron is present. Interestingly, the monoclonal antibodies to transferrin
receptor do not show identical binding to all the normal tissues noted above.
Either epitopes are modified in some tissues by human transferrin saturation
or there are biochemically distinct transferrin receptors in different human
tissues. Further work will be needed to clarify this phenomenon.

More transferrin receptor is present on cell surfaces under conditions of
iron deficiency (exposure to picolinic acid or desferoxamine) or active cell
division6s . Conversely, less surface transferrin receptor is present after
exposure to phorbol diesters69.7o.

Growth inhibition can be produced by exposure of cells in vitro or in vivo
to monoclonal antibodies which block transferrin binding to its receptor71

,72.

S'imilarly, exposure of cells to gallium which competes with iron for binding
to transferrin causes arrest to cell proliferation. Thus, iron laden transferrin
binding is a necessary event in cell proliferation for tumour cell lines.

Once transferrin containing 2 moles of Fe3
+/ mole of transferrin is bound to

the receptor, the complex aggregates over coated pits in the plane of the
membrane. These clathrin-coated pits internalize and the vesicles lose their
clathrin coats and migrate to a deeper endosomal compartment where the
vesicle contents are exposed to low pH. This leads to dissociation of bound
Fe3

+ which enters the cytosol. The apotransferrin and transferrin receptor are
then recycled to the cell surface. Apotransferrin is released and exchanged for
more avidly bound transferrin. This process and subsequent cell division can
be blocked by down-regulation of surface transferrin receptors by phorbol
diester69 . This agent acts to activate protein kinase C which phosphorylates
cytoplasmic serines on the transferrin receptor causing internalization
without return to the cell surface.

There are several clinical applications of monoclonal anitbodies reactive
with the transferrin receptor. Immunohistologic studies may document a
relationship between transferrin receptor density and malignant grade of
breast tumours and other neoplasms. This may provide an easier t,~st for the
degree of tumour differentiation than thymidine labelling index or nuclear
grade. Such an assay could be useful in predicting clinical behaviour.

Monoclonal antibodies to the transferrin receptor have been linked to
peptide toxins and are extremely potent cytotoxins71.73-78. They are selective
for transferrin receptor positive cells. In regional therapies for ovarian cancer,
mesothelioma, bladder cancer and neoplastic meningitis they may provide a
new useful therapeutic modality79. With the poor clearance of these large
proteins from the body cavities one would anticipate minimal exposure of
normal proliferating cells or other iron-requiring cells.

EGF receptor

An antigen present on a fraction of poorly differentiated breast tumours is the
receptor for epidermal growth factor (EGF). Mouse monoclonal antibodies
have been prepared to the vulvar carcinoma cell line, A431. A number of
these antibodies bind the EGF receptorSO

-
S5 including 101, EGFRI, 2G2, TLS,

29-1,528,225, 579, and 455.
The EGF receptor is a 175000 dalton glycoprotein with a polypeptide
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backbone of 138000 daltons (about 1250 amino acids) and oligosaccharide
side-chains of 37000 daltons84.86-89. The antigen has three domains - an EGF
binding domain external to the plasma membrane (about 710 amino acids), a
transmembrane domain and a cytoplasmic tail with autophosphorylation
sites (about 545 amino acids). The oligosaccharide contains mannose,
galactose, N-acetylglucosamine and sialic acid86. The sialic acid participates in
EGF binding89. The oncogene protein, v-erb-B, appears to be a truncated
EGF receptor lacking the EGF binding site84.

EGF receptors are found on the cell surface and within intracellular
vesicles. A variety of normal and malignant cell lines express EGF receptors.
About one-third of breast cell lines including MDA-MB231. BT 474, and BT
20 have at least 20000 EGF receptor molecules per cel190-92

• More differen
tiated breast tumour cell lines such as MCF7 and ZR75-1 have either few or
no EGF receptors. When assayed either by binding of[125I]EGF on membrane
extracts or indirect immunoperoxidase assays of monoclonal antibodies to
EGF receptor on frozen sections, about 35% of primary breast carcinomas
show high levels of the antigen93-95. Tumours which lack oestrogen receptors,
metastatic to axillary nodes, or exhibit high histologic grade tend to express
EG F receptors. Similarly, metastatic breast tumour lesions are more
frequently positive for EGF receptors than primary tumours. In addition to
breast cancer, the antigen is found on a variety of neoplasms including
squamous lung carcinomas, invasive bladder tumours and non-neural brain
tumours96.97

• A number of normal epithelial tissues express EGF receptors
including the vas deferens, endometrium, endocervix, bladder, urethra, oral
mucosa, oesopha~us, hepatic bile ducts, bronchial epithelium, skin and
thymic epithelium 8. The antigen is localized to the basal epithelium in each
organ. EGF is a 53 amino acid peptide with three internal disulphide bonds.
The peptide folds spontaneously to its native conformation on oxidation
reduction99. EGF is produced in mice by the submaxillary gland. Its source in
man is unknown. The peptide is f0'..!~d ~~ the plasma (l ng/ ml) and in body
secretions - urine, saliva, milk (30 ng/ ml). The peptide binds to its receptor
with a Ka of greater than 109L/ mol. Once EGF binds to its receptor a number
of reactions occur lOO

• The EGF-EGF receptor complex migrates on the cell
surface to the region of coated pits where the complexes aggregate into
groups of 8-50. The complexed receptor also triggers a phosphotyrosine
kinase activity. The complexed receptor in the coated pits is then internalized
into coated vesicles. The clathrin-coated vesicles uncoat and become
endocytic vesicles. The EGF receptor complex travels with the vesicle to the
peri-Golgi area where it again is associated with Golgi-coated vesicles. These
distinct clathrin vesicles migrate to lysosomes where EGF and its receptor are
metabolized. Physiologic consequences of receptor clustering and kinase
activation can include either cell proliferation or differentiation, dependent
on the cell type.

Several clinical applications have been proposed for monoclonal antibodies
reactive with the EGF receptor. Immunoperoxidase staining of frozen
sections of primary breast tumours with anti-EGF receIJtor monoclonal
antibody EGFRI identifies patients with a poor prognosis95 . Such patients
are at an increased risk of relapse and may need aggressive adjuvant
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treatment. Immunoperoxidase stains oflung cancer sections with EGFR I have
been used to distinguish small cell and non-small cell lung cancers".
Serotherapy of patients with EGF receptor-positive tumours may have
clinical efficacylO . Monoclonal antibodies 528, 225, and 455 inhibited growth
of human epidermoid tumour in nude mice. Finally, monoclonal antibodies
to the EGF receptor or the EGF ligand itself may be covalently linked to
peptide toxins. Such immunotoxins and ligand-toxins are potent cytotoxic
agents for receptor positive cellsI02-I04. lmmunotoxins can be given intraven
tricularly to treat leptomeningeal breast or brain tumours and intravesically
to treat superficial and invasive bladder carcinomas79 .

Breast carcinoma cells also have surface receptors for the peptide hormones
somatomedin ClO5 and proiactin106 but there have been no reports of
monoclonal antibodies to these receptors at the time of this review.

Oestrogen and progesterone receptors

The intracellular binding proteins for oestrogen and progesterone are called
the oestrogen receptor and progesterone receptor, respectively, Rat mono
clonal antibodies prepared to the human oestrogen receptor from the MCF7
breast tumour cell line include 107 D58, D75, D547, H221, H222, H226, F88,
F344, G5, G13, H23, H 142, H 165. These antibodies recognize different
antigenic determinants on the oestrogen receptor. Mouse monoclonal
antibody to the hen oviduct grogesterone receptor, 9B3-12, binds to the
human progesterone receptor l

8. The rat monoclonal antibodies 9GI0 and
3E8 prepared against the hen progesterone receptor react only with denatured
chicken progesterone receptor B protein 109.

The oestrogen receptor is a single subunit with one oestrogen binding site
and one DNA binding site11o. The molecular weight is 60000-70000 daltons.
Native oestrogen receptor may consist of multimers of the subunit. The
nuclear form of the oestrogen receptor appt:<1[s LV be a homodimer with
positive co-operativity of oestrogen binding. In contrast, the unactivated
nuclear or cytoplasmic forms of the receptor consist of at least four subunits.
All the oligomeric forms are dissociable with KCl. The cytoplasmic or
unactivated form of the receptor appears to be phosphorylated. While the
oestrogen binding site and DNA binding site are at opposite ends of the
polypeptide, in the native conformation they are spatially close together.
Highly conserved determinants on the oestrogen receptor are close to the
DNA or oestrogen binding sites lOl . The association of the oestrogen receptor
with oestrogen leads to an increase in its affinity for DNA.

The human progesterone receptor consists of two dissimilar polypeptides in
equimolar amount of 83000 daltons and 115000 daltons called proteins A
and B, respectivelyili. The A protein binds DNA and the A and B proteins
bind progesterone. There is a phosphorylation site near the carboxyl-terminal
end of protein B. Once the receptor has been activated and transformed by
progestin treatments, its subunit structure and size is unchanged but it binds
DNA more avidly.

The oestrogen receptor is confined to the nucleus in receptor positive
cells ll2

• Related immunohistologic studies for the progesterone receptor have
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not been done. Oestrogen receptor positive normal human tissues include
ovary, breast, endometrium and pituitary. Progesterone receptor positive
tissues include the breast, endometrium and placenta.

The oestrogen receptor functions by complexing available oestrogen and
then binding to specific DNA sites upstream from oestrogen regulated
genes ll3

• Progesterone-induced messenger RNA and proteins are generated.
The functions induced by progesterone are now well characterized. Oestrogen
induces mammary duct formation and progesterone stimulates growth of
lobuloalveolar structures. During reproductive ages, progesterone promotes
secretion by the alveolar cells. At parturition the withdrawal of oestrogen and
progesterone allows the full secretory activity produced by prolactin and
growth hormone.

Monoclonal antibodies to the oestrogen receptor and progesterone
receptor permit the development of two site immunoradiometric assays for
these receptors in tumour extracts ll4

• Such assays would simplify the assays
for these proteins and reduce problems with quality control and receptor
lability. Immunohistologic studies on breast tumours could assess tissue
heterogeneity"5. There are ample data to show that patients with metastatic
breast cancer are more likely to respond to hormonal therapies if their

d . h l16tumours are oestrogen an progesterone receptor fIC .

Oestrogen-regulated proteins

Oestrogen receptors are present in 60% of primary human breast cancers and
in several breast tumour cell lines, MCF7 and ZR75-I. Oestrogen stimulation
of breast cancer cells containing these receptors can lead to the synthesis of
several proteins and cell proliferation. However, at present only about half of
the oestrogen receptor positive tumours regress clinically after hormonal
manipulations which should deprive the cells of oestrogen stimulation.
Hence, the presence of oestrogen re:.::.:pt;:;:"s is necessary but not sufficient to
predict in vivo clinical response. Cells in culture have been studied before and
after oestrogen stimulation to detect markers of oestrogen action in breast
cancer. The recent discovery of the mild oestrogenic effect of phenol red used
in the control media for many of these experiments ma~partially explain the \
limited stimulation of the markers observed to date I . Monoclonal anti
bodies are available now for the oestrogen receptor itself and for several
proteins regulated by oestrogen. These proteins include the progesterone
receptor, a 52000 dalton glycoprotein, a 24000 dalton protein and a hetero
dimer of 30000 dalton subunits.

Oestrogen induces MCF7, ZR75 and T47D breast tumour cell lines to
synthesize and secrete into the media a 52000 dalton glycoprotein ll8

,1l9.

Oestrogen has no such effect on the oestrogen receptor negative line BT20.
The protein induced has a pI of 5.5-6.5 and contains sialic acid and fucose.
The glycoprotein is located both inside breast cancer cells and in the media
surrounding such cells but not on the cell surface. The protein cannot be
induced in the tamoxifen resistant R27 MCF7 line, although oestrogen and
progesterone receptors are present. Monoclonal antibodies have been
prepared to three protein epitopes on the antigen120. MIG8 and four others
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recognize site I; D7E3 recognizes site 2; and M4A3 binds site 3. The
antibodies are all IgG1K and bind the antigen even when the antigen is
obtained from tunicamycin-treated cells. Using immunoperoxidase to detect
binding of the monoclonal antibody, the antigen was not present in normal
breast or endometrium121

• Five of five antigen-negative breast tumours were
oestrogen receptor-negative and 18 of 20 antigen-positive tumours were
oestrogen receptor-positive. The antigen detected by these monoclonal
antibodies may be a useful marker for predicting hormonal responsiveness of
breast cancer. Either tissue section immunoperoxidase or, potentially, serum
immunoassays could be utilized.

Another antigen induced by oestrogen in MCF7 cells is a 24000 dalton
protein122

,123. The antigen is localized to the cytosol and was not inducible in
the oestrogen receptor negative cell line MDA-MB23 1. The antigen has a pI
of 5.9-6.0 and has a high proline content and a low methionine and cysteine
content. The monoclonal antibodies Cll, H7 and G3 were prepared which
react with the same epitope124

• Based on indirect immunoperoxidase tissue
studies and a competitive ELISA, the antigen is expressed in the endometrial
secretory phase epithelium and in 18 of 70 breast cancers 12S

-
127

• 26 of 32 breast
tumours which were oestrogen receptor and progesterone receptor-negative
had low p24 antigen levels. Again, levels of this antigen as measured by
section immunoperoxidase assays or immunoassays of extracts with the
monoclonal antibodies may provide additional information regarding
tumour response to endocrine manipulations.

Monoclonal antibody H59 prepared against the oestrogen receptor
positive ZR75-1 cell line recognizes an oestrogen receptor related surface
protein128

,129. The antigen is a pI 5.5-6.0 heterodimer of approximately 30000
dalton subunits. The antigen is present on oestrogen receptor-positive breast
tumour cell lines but not oestrogen receptor-negative cell lines. The antigen is
not present on the tamoxifen resistant MCF7 cell line which is no longer
oestrogen regulated although it retains oestrogi;l1 (111\.i progesterone receptors.
Using tissue section immunoperoxidase, 39% of breast tumour sections were
reactive with H59 130

• There were no oestrogen receptor-negative tumours
which reacted with H59 except in premenopausal women or women on
hormones who may have falsely negative oestrogen receptor assays. 75% of
the oestrogen receptor-positive tumours had H59 antigen. These may be the
oestrogen driven tumours capable of responding to hormonal therapies.
Thus, tumour section immunoperoxidase with H59 may predict which
patients will respond to hormonal therapies. Immunoperoxidase studies of
axillary nodes that were histologically free from tumour revealed paracortical
cells reactive with H59 and at least one of the anti-breast cancer monoclonal
antibodies (H71 or H72) in nine of 13 patients 131. Since a number of node
negative patients (25%) will eventually develop disseminated disease and die
of breast cancer, these individual antigen-positive cells may be predictive of
relapse. Further studies have not yet been reported identifying them as either
lymphoid cells or tumour cells or addressing the follow-up on the tested
patients. Nevertheless, axillary node immunohistology with H59 may predict
which node-negative patients are likely to relapse and need adjuvant therapy.
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Carcine-embryonic antigen

CEA or carcinoembryonic antigen is a 180000 dalton glycoprotein found
originally in tumours of the gastrointestinal tract but subsequently discovered
in a larfie number of different tumours and in some fetal-and normal adult
tissues I . Mouse monoclonal antibodies have been prepared to at least six
distinct epitopes on CEAI33-146. Molecules immunologically related to, if not
identical, to CEA have been found in breast tumours and in the serum of
patients with breast cancer I47,148.

CEA contains a polypeptide chain of 70000-80000 daltons with 575-829
amino acids and six intrachain cystine disulphide bonds l49 . 30 N-terminal
residues have been sequenced by the standard Edman procedure150. This
peptide lacks methionine residues. The CEA protein has been digested with
trypsin and a limited number of the tryptic peptides have been sequenced151.
The isoelectric point is 3-4152

• All of the carbohydrate which represents 50%
of the molecule is N-acetylglucosamine, mannose, galactose, fucose, sialic and
neuraminic acid. The carbohydrate is organized in oligosaccharide units of
4-9 monosaccharide residues attached to between 5I and 124 sites on the
protein. The only attachment is a N-glycosidic linkage to asparagine 153

• Most
of the antigenic epitopes appear to depend on the protein tertiary structure
and are not carbohydrate related. The mRNA for CEA has been isolated and
the complete amino acid sequence for CEA should soon be available154. The
in vitro translation product for this mRNA is an 85000 dalton polypeptide.

CEA is found on the surface membrane of normal and malignant cells
including mammary cells155

• It appears to be a member of a family of related
epithelial glycoproteins which includes NCA, NCA-2, TEX, BGP-I and
NFAI. CEA appears to have distinct epitopes for monoclonal antibodies as
well as a unique primary sequence. The function of the members of this
protein family is unknown.

Applications of monoclonal antihooies to CEA include immunohistology
of primary breast carcinomas. Both benign breast lesions (25-65%) and
malignant breast tumours (60-70%) show positivity using immunostaining153

•

While some reports suggested prognostic significance to the presence or
absence of immunostaining with anti-CEA antibody, this could not be
confirmed in a large ECOG studyl56.

Sandwich monoclonal immunoassays using two distinct determinants on
CEA have been developed to supplement and perhaps improve the results
using polyclonal radioimmunoassays. Circulating CEA is found in 9% of
Stage I, 23% of Stage II, 45% of Stage III and 58% of Stage IV patients157.

Patients with lung or visceral involvement have more frequent elevations of
CEA than patients with only soft tissue involvement157

. Patients with greater
bulk of metastatic disease have higher levels. Unfortunately, CEA is a poor
screening test for breast cancer with low sensitivity and specificity158.

While CEA levels do correlate with other tests for staging, they fail to
provide independent prognostic information157

. When patients are monitored
serially, a rising CEA can sometimes precede recurrence, but CEA generally
rises concomitantly with overt disease. Elevations of CEA with occult disease
are often in the range associated with benign conditions. A large prospective
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study failed to confirm the utility of CEA for monitoring breast cancer
patients159. Response to therapy was readily monitored by history, physical
examination and intermittent radiologic evaluations. The most useful
application of CEA immunoassays may be in the screening of CSF in patients
with suspected carcinomatous meningitis. Positive CSF assays had a high
correlation with eventual carcinomatous pleocytosis 157.

Monoclonal antibodies to CEA have been fragmented with proteases and
labelled with radioiodine and injected into patients with a variety of
neoplasms. With the use of rectilinear or SPECT scanning tumour
localization has been demonstrated 160. As yet, it is not clear how this will aid
in the management of patients with metastatic breast cancer.
, Potentially toxic substances including cytotoxic drugs, radiotherapeutic

nuclides or toxins can be attached to monoclonal antibodies to CEA and
administered to patients with metastatic breast cancer. In vitro and animal
model studies have been reported using 11-285.l4-vindesine161 and
CI9_RTA162.

Secreted or shed antigens

In addition to the mucins, CEA and the oestrogen-regulated 52000 dalton
glycoprotein there are several other breast cancer-associated antigens which
have been detected in human serum.

Three monoclonal antibodies to human breast milk (67Dll, 115HIO and
115C2) exhibited similar cellular reaction patterns163-165, but the antibodies do
not cross-block. The antigenic epitopes were named Mam-3a, Mam-3b and
Mam-3c. The Mam-3c epitope has recently been characterized 166 as lacto-N
difucohexaose II. This is a combination of type 1 and type 2 based fuco
oligosaccharides. It is not known whether the backbone for this epitope is a
glycolipid or glycoprotein. Using a modified low pH ELISA assay women
with breast cancer were found to have elevated Mam-3 antigen levels in their
serum167. 83% of breast cancer patients had elevated levels compared to only
5% of controls. This monoclonal immunoassay of serum may provide a
screening test or monitoring test for breast cancer. Immunoperoxidase assay
of paraffin sections of primary breast carcinoma with the 115H 10 monoclonal
antibody to Mam-3b revealed reactivity with 54% of tumours 168. These
patients with Mam-3b epitope had an improved disease-free survival
compared to those without Mam-3b. However, the presence of Mam-3b does
not add significant prognostic information.

Another monoclonal antibody to breast milk, Mc3, detects a breast cancer
associated antigen shed into serum169. The antigen is a 46000 dalton glyco
protein. It is detected on the surface of breast tumour cell lines but not on cell
lines derived from other tissues. By using a sandwich radioimmunoassay with
Mc3 coated on beads, the antigen was detected in the sera of breast cancer
patients. As with Mam-3, the Mc3 antigen may be useful in the early
detection of breast cancer or in monitoring the response to treatments of
patients with metastatic breast cancer.

The monoclonal antibody 24-17.2 was prepared against the MCF7 breast
tumour cellline53 . This antibody recognizes a 100000 dalton protein present
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on the surface of breast tumour cell lines but not on cell lines of non-breast
origin. Using an indirect immunofluorescence assay on frozen tissue sections,
the antigen was detected in malignant breast cancer tissue but not on colon,
lung, kidney, thymic or oral cancer. Normal tissues containing the antigen
included pancreatic acini, hepatic bile ducts, renal tubules, salivary gland
epithelium, prostate epithelium, bronchial epithelium and normal breast
epithelium. While the breast tumour cell lines and normal epithelium show
surface membrane antigen, breast carcinomas show high levels of cytoplasmic
antigen. Binding inhibition assays showed the presence of antigen in sera of
patients with advanced breast carcinoma but not in normal human serum.
Since 24-17.2 fails to react with non-breast tumours, it may be useful in
categorizing tumours of unknown origin. As with the other antigens found in
sera, the 24-17.2 antigen may lead to a serum screening or monitoring assay.

The milk proteins, casein, a-lactalbumin and lactoferrin are unique
products of fully differentiated mammary epithelium but do not appear to be
synthesized or secreted by breast carcinoma cells. Monoclonal antibodies
recently made against casein (F20.1, F20A, F20.1O, F20.14) may permit
retesting for this marker in breast cancer frozen sections and sera170.

Other breast cancer-associated antigens which have been characterized

The mouse IgG I monoclonal antibody 1O-3D2 binds a 126000 dalton phos
phoglycoprotein found in membrane extracts of the breast tumour cellline l71

BT20. The antigen is phosphorylated at serines or threonines and is located
both on cell surface membrane and in the cytoplasm. The antigen is found on
all breast tumour cell lines and several other tumour cell lines. When labelled
with [IIIIn}DTPA the antibody localizes to BT20 breast tumour xenografts in
nude mice 72. Hence, it may be useful in radioimmunoimaging.

Monoclonal antibody B6.2 was prepared against membrane extracts of
breast carcinoma metastases9

• It recognil.cs a 90000 dalton protein on the cell
surface of three breast tumour cell lines I73

• The antigen is a normal cross
reacting antigen \NCA)174. NCA is a glycoprotein containing homologous
regions with CEA 75. NCA is present in various normal tissues including lung,
spleen and on the surface of circulating granulocytes. The antigen is present
on 75% of primary and metastatic breast carcinomas. However, there is
marked heterogeneity in individal tumours for expression of the antigen. This
may be due to the expression of either the epitope or antigen only during S
phase 176. While radioiodinated B6.2 localizes to breast tumour xenografts in
nude mice, human radioimmunoimaging with B6.2 has not been as
successfue74

,177. Metastases could be imaged in only one of 13 patients. Non
specific binding to peripheral granulocytes followed by dehalogenation may
have prevented effective localization. Similar lack of success with tumour
specific imaging has occurred using an anti-CEA monoclonal antibody which
reacts with a CEA-like (non-NCA) antigen on peripheral granulocytes178

•

Because of the large doses used in this latter case, there was significant
toxicity associated with rapid clearance of the circulating granulocytes
including fever, rigors, and emesis.

The monoclonal antibody BI4B8 made against breast carcinoma ascites
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cells recognized a 70000-90000 dalton membrane protein which is not
present in human milk179

• The antigen is localized to the cell surface and is
found on several breast tumour cell lines. 75% of primary breast tumours
show reactivity while no reactivity was seen with normal breast.

Among a large panel of monoclonal antibodies to breast cancer-associated
antigens prepared at The Cetus Corporation, a number of highly breast
cancer selective monoclonal antibodies including 741F8, 520C9 and 454CII
bound to distinct epitopes on a 210000 dalton surface glycoprotein8

• The
most selective epitopes on this antigen were not present on any normal tissue
examined. The antigen was present in 60% of breast tumour cell lines and
primary tumours. The antigen appears to internalize from the cell surface,
although at a rate slower than that observed for the transferrin receptor180

.

Ricin A-chain conjugates with several of the monoclonals to this antigen were
extremely potent and selective with killing of target breast tumour cell lines at
less than I nmol/l concentration76

• The monoclonal antibodies to this antigen
may be useful for immunotoxin therapy of appropriate antigen-positive
patients.

The monoclonal antibody MBrl prepared against MCF7 cell line identifies
a glycosphingolipid on breast cancer cell lines and breast milk epithelial
cells181 (Figure 10.3). The antigen l82

,183 is: Fucal-2Gal/3l-3Galnacl3l
3Gala 1-4GaI131-4Glc/3l-ICer. The antigenic epitope is found on the
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Figure 10.3 The monoclonal antibody MBri
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apical membrane of resting and lactating breast as well as in breast milk fat
globules. The antibody reactivity is found on the cytoplasm of poorly
differentiated breast carcinoma cells 184. Normal tissues with reactivity by
immunoperoxidase assays include pancreatic acini, salivary gland, epithel
ium, renal tubules, prostate epithelium, sweat and sebaceous glands and
seminal vesicle, epididymis and endometrial epithelium.

Monoclonal antibody 323A3 binds a 43000 dalton glycoprotein on the
surface of MCF7 cell line in culture185. The antigen is present on the surface of
76 of 128 primary and six of eight metastatic breast cancers. It is also found
on normal colon and kidney tubules. When 323A3 is linked to ricin A-chain
the resulting immunotoxin is toxic to breast tumour cell lines in vitro at less
than 1nmolj L concentration186. Monoclonal antibodies to this antigen may be
useful in therapy as toxin conjugates in antigen-positive breast cancer
patients.

Several other breast cancer-associated antigens have been defined by
monoclonal antibodies. McR2 is a rat monoclonal antibody to a 70000
dalton glycoprotein in breast milk fat globules? gp70 expression in breast
cancers and normal tissues has not been reported. 41 B4 is a mouse
monoclonal IgG1 antibody to an intracellular 230000 dalton protein present
in the majority of breast carcinomas and expressed only on several normal
tissue substructures, i.e. sweat gland, normal breast epithelium and tonsillar
epithelium8.

Monoclonal antibodies to breast cancer for which epitope and antigen
are unknown

3El-2 is a mouse IgM monoclonal antibody prepared by immunizing mice
with a single cell suspension of a primary ductal-type breast carcinoma187

•

The antibody reacted with 37 of 37 breast tumours although six of 37 had
<60% of malignant cells stained. r-';vi"w.21 tissues reactive with 3EI-2 include
normal breast tissue, renal distal tubule, skin sweat glands, urinary bladder,
cervical epithelium, endometrial epithelium, thyroid epithelium, hepatic
biliary ducts, pancreatic acini, pancreatic islets and some lung alveolar cells.
The antigen appears to be present in the cytoplasm and on the cell surface of
different breast tumours. Sera from breast carcinoma patients but not normal
sera were able to inhibit the binding of 3£1-2 to a kidney membrane
preparation. Based on this finding, a serum test has been developed which
detects circulating 3EI-2 antigen in the blood. The test yields abnormal levels
in less than 2% of normal and over 80% of primary breast cancer patients and
over 90% of patients with metastatic breast cancer. Additionally, the 3EI-2
antibody has been radioiodinated with 1311 and used to image axillary
metastases after intralymphatic injection in patients with stage II breast
cancer5-2·I88. Patients with non-palpable, <1 cm nodes with histologic
metastases have been successfully imaged and contain four-fold as much
specific [1311]3£1_2 as 1251-labelled control antibody. Thus, 3El-2 may be
useful both for serum detection and monitoring of breast cancer and for
staging by axillary radioimmunolymphoscintigraphy.

Immunization of mice with MCF7 cell lines was used 189 to generate the
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IgGI monoclonal antibodies 3BI8 and 15A8. 3BI8 reacts with 27 of 31
human mammary carcinomas and does not react with any normal human
tissue and reacts with only one of 19 other cancers. It binds a cytosol antigen
which is not identified. 3BI8 may be useful in immunohistology to recognize
premalignant breast lesions and to identify a breast origin to an adeno
carcinoma of unknown primary. 15A8 reacts with 28 of 31 human mammary
carcinomas and reacts with a number of normal tissues. These normal tissues
include breast epithelium, renal proximal tubule, skin, oesophagus and
salivary gland epithelium. The 15A8 antigen is localized to the cell surface.
The antibody reacts with several non-breast tumours including lung, cervix,
colon and prostate carcinoma. In vitro 15A8 inhibits breast cancer cell
replication and, thus, it may have therapeutic potential.

MBE6 is a human IgM monoclonal antibody obtained from a human
mouse hybridoma5

• Draining axillary lymph node cells from a patient with
primary breast carcinoma were used for fusion. The antibody binds 54 of 67
primary breast cancers, 100% of metastatic breast cancer lesions and 14% of
benign breast lesions 190. There was no specific normal tissue reactivity with 1I
normal tissues. Reactivity was observed with lung, colon and medullary
thyroid carcinomas.

Additional human (e.g. YBD047) and murine (e.g. BT.6F9) monoclonal
antibodies have been prepared a~ainst breast cancer tissue but very little
characterization had been done191

- 95.

Conclusions regarding breast cancer-associated antigens

There are several immunodominant antigens on breast carcinoma cells
defined by monoclonal antibodies. Most of these antibodies react with a
substantial fraction of human breast carcinomas both primary and
metastatic. None of the antigens recognized by monoclonals appears to be
absolutely tumour-specific. Antigen expression is usually observed on subsets
of adult or fetal epithelia. Except in the case of the transferrin receptor, the
function of these breast cancer-associated antigens is unknown. Nevertheless,
characteristics of some of these antigens make them candidates for several
clinical applications. Antigens which are secreted or shed by breast tumour
cells appear to be present in the sera of breast cancer patients but not in the
sera of control subjects. These antigens may be useful in preparing serum
screening or monitoring tests for breast cancer. Antigens which are on the cell
surface of the majority of breast tumours and which are not shed may be
excellent targets for axillary immunolymphoscintigraphy. Antigens which
internalize from the cell surface rapidly into endocytic vesicles appear to be
the best targets for antibody toxin conjugates. Such immunotoxins may be
useful in the therapy of patients with antigen-positive tumours, particularly
when the tumour is confined to regional sites such as the subarachnoid or
pleural space. Oestrogen-regulated antigens detected by immunoassays of
cytosol extracts or tissue sections may provide additional information
regarding the response of metastatic breast cancer to hormonal manipulation.
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Immune response to breast cancer

At least two factors are required for an immunologically mediated response
to breast cancer. The first requirement is that the cancer cells express antigens
which can be recognized as immunologically foreign by the tumour-bearing
host. From the preceding discussion, most of the breast cancer-associated
antigens defined by murine monoclonal antibodies are not restricted to
tumour cells and can generally be found on subsets of normal adult and fetal
cells. To date, a human immune response has not been observed to the
tumour-associated antigens recognized by the murine monoclonal antibodies
described above. Only a limited number of human monoclonal antibodies
have been studied and it remains to be seen whether human reagents will
recognize epitopes which are more specific. How often, if ever, antigens will
be found which are expressed only on malignant tissues remains to be
defined. The search continues in human tumours for specific antigens similar
to those defined by transplant rejection of chemically or virally induced
animal tumours l96

• Human tumours may be more analogous to the less
frequently antigenic 'spontaneous' animal tumours 197. Not all human tumours
may possess tumour-specific antigens and, if such antigens exist, they ma~ or
may not elicit an immune response capable of inhibiting tumour growth l

8.

The second requirement for an autologous immune response to breast
cancer is that the host be immunocompetent. Although there have been many
studies attempting to assess general immunocompetence in breast cancer
patients, general immunocompetence alone does not guarantee responsive
ness to a particular antigen of interest. An otherwise immunocompetent host
may fail to react to a particular antigen due to lack of a particular immune
response (lR) gene or the presence of antigen-specific suppressor cells.
Moreover, it is believed that IR genes encode Class II major histocompat
ibility antigens l99

• T-Iymphocytes recognize antigen in the context of self
MHC components200

• A requirement for an appropriate MHC component
implies that the only relevant target cells to test for antitumour immunity
would be the patient's own tumour cells, or soluble antigens in the presence of
suitable autologous antigen presenting cells (e.g. monocytes or B-cells).
Competence to respond to microbial antigens or mitogens might or might not
correlate with MHC restricted immunity to specific tumour-associated
antigens.

Measurement of immunocompetence

Immunocompetence has often been evaluated in breast cancer patients by
quantitating components of the immune response without regard to their
function. Immunological parameters have included immunoglobulin levels,
enumeration of different leukocytes and quantitation of lymphocyte subsets.
Cell-mediated immune function in vivo has been tested primarily with skin
tests for delayed hypersensitivity to primary antigens (e.g. DNCB and KLH)
or to recall antigens (e.g. various microbial extracts). In vitro assessment of
cellular immunity has generally measured lymphocyte blastogenesis to known
antigens and mitogens.

Quantitation of leukocytes and measurement of in vitro function have
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largely been performed with samples of peripheral blood. Studies assessing
Iymphoreticular cells in regional lymph nodes or in the tumour itself have
been infrequent since material from these sites is more difficult to obtain and
process.

Several factors can affect measurement of immunocompetence in cancer
patients including age, nutritional status and performance status. Analysis of
immune parameters with and without correction for age of the subjects can
markedly affect differences between cancer patients and controls. After
correction for age in one large study, only reactivity to DNCB was
consistently depressed in the cancer patients, including those patients with

I d· 201ear y Isease .
Another consideration is the site of the primary cancer. Patients with breast

cancer had significantly better DNCB and PPD reactivity than patients with
colon or stomach cancer, although patients with cancer at any of the three
sites had significantly depressed reactivity when compared to benign disease
controls202.

Immunocompetence can also be affected by conventional anticancer
therapies including surgery, irradiation, and cytotoxic drugs. Surgerlo can
cause a transient depression of cell-mediated immunity for 2-3 weeks 03-205.
Local irradiation therapy for breast cancer can depress lymphocyte counts,
particularly T-cells of the helper/inducer phenotype, for as long as IO years
post_therapy206,207. Adjuvant chemotherapy for breast cancer has reduced T
and B-Iymphocyte counts208,209 and decreased proliferation to DNCB and
alloantigens for 6 or more months following treatment2lO

•

Finally, large numbers of patients are required for reliable statistical
analysis. In studies assessing prognostic factors, the outcome may be affected
by the definition of clinical stage211 and the length of the follow-up period
chosen for analysis212

,213. Several of these factors have undoubtedly
contributed to the conflicting information in the literature concerning
immunocompetence of breast cancer patients.

General immunocompetence of breast cancer patients

A number of studies have reported decreased immunocompetence in breast
cancer patients. Advanced disease has been associated with a decrease in
absolute Iymghoclte levels, absolute T-Iymphocyte levels214-216, DNCB skin
test reactivity 11,21 or in vitro lymphocyte blastogenesis216

,217. In early disease,
conclusions regarding the immunocompetence of breast cancer patients

. . I I I d' ~15 216· . h I blremam controversla. n severa stu Ies' patIents Wit ear y opera e
breast cancer had significantly impaired reactivity in vivo to PDD and DNCB
as well as impaired reactivity in vitro to PHA. In two studies201,218 where
patients with breast cancer were compared to carefully age-matched controls
only DNCB reactivity was significantly impaired. Absolute lymphocyte
counts, lymphocyte subset counts, monocyte counts, immunoglobulin levels,
PPD skin test responses and in vitro mitogen responses of breast cancer
patients did not differ significantly from controls. Several studies found
similar immune parameters in patients with and without lymph node

h · f 215217219 I d f' . hmetastases at t e tIme 0 mastectomy , , . n one stu y 0 patients WIt
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early operable breast cancer, patients with small primary tumours and nodal
metastases were more immunosuppressed than patients without nodal
metastases217

• Because of the small tumour burden (Tl) in these patients, the
authors hypothesized the existence of a primary patient-related immuno
suppression distinct from the secondary tumour-related immunosuppression
of advanced breast cancer.

Pretreatment immune parameters have been evaluated as independent
prognostic factors in breast cancer. DNCB skin test reactivity has had
prognostic value for patients with certain solid tumours220

• Breast cancer
patients with strong DNCB reactivity have had significantly prolonged
survivaf21

• When delayed cutaneous reactivity to five recall skin test antigens
and to KLH were tested for prognostic value in metastatic breast cancer, only
reactivity with KLH was predictive for response to systemic therapy and
survival following chemotherapy222. In two additional studies which
measured recall or DNCB skin test reactivity and in vitro mitogen
reactivity223,224, the more immunocompetent patients had a lower incidence of
recurrence, increased disease-free period, and prolonged survival. Krown et
af. 211 also found that DNCB reactivity correlated with extent of disease in
breast cancer patients at the time of initial diagnosis, but when patients with
positive or negative DNCB response were compared there was no significant
difference in the incidence of recurrence at 2 years following mastectomy. In
contrast to the expectation that immunocompetent patients would enjoy
prolonged disease-free survival, DNCB-reactive patients with positive lymph
nodes experienced earlier recurrence. Survival was significantly prolonged for
DNCB-reactive patients only when both primary operable and advanced
breast cancer patients were considered together, not when considered
separately. The authors concluded that DNCB reactivity failed to add
prognostic information beyond that provided by clinical and pathological
tumour stage. In several recent studies212 with long-term follow-up of 5-11
years, neither DNCB or PPD201 rt<1ctivity in early breast cancer patients
correlated with disease-free survival.

Pretreatment lymphocyte levels mayor may not have prognostic
significance in breast cancer224

• Significantly higher pretreatment lymphocyte
levels in early breast cancer patients have correlated favourably with disease
free status at 5 years22s

-
m

• In contrast, several recent studies found that
higher absolute or T-lymphocyte levels correlated negatively with prognosis.
After 3.5-9.5 years of follow-up, pretherapy lymphocyte counts were
significantly higher in patients with three or more positive lymph nodes
compared to patients with 0-2 positive lymph nodes228

. Absolute lymphocyte
counts within these groups were not predictive of recurrence. AT-lymphocyte
level of >63% was, however, significantly associated with earlier recurrence.·
In a separate study, patients who developed recurrence within 5-10 years had
significantly higher pretherapy lymphocyte counts212

• Sequential post
treatment studies of immune parameters for 5 years in the same patients
revealed no clinically useful change in immunocompetence immediately before
recurrence.

Decreased immunoglobulin levels have been associated with a good
. . d 229 b . h 212 0 bl . bprognOSIS III one stu y ut not III anot er . pera e pnmary reast
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cancer patients with low presurgical IgM concentrations or patients with low
presurgery IgG and oestrogen receptor-positive tumours had significantly
improved survival229

• When IgM and IgE levels, allergen-specific IgE scores,
and oestrogen receptor status were combined in a single index, the index was
more prognostic than any of the individual components and could define
patient groups with significantly different survival times within individual
clinical stages and within the lymph node-negative or -positive patients. In
another report, individual pretherapy serum immunoglobulin concentrations
(lgG, IgM, IgA) had no prognostic value212

•

Although tests which have been used to measure general immuno
competence have provided statistical correlation with tumour burden at
presentation, these parameters have been disafPointing as prognostic
indicators for the individual breast cancer patiene3

• Most studies of immune
status in breast cancer patients agree that immunocompetence declines at
later stages of the disease when tumour burden increases. Many patients with
early breast cancer retain a high degree of immunocompetence by many
methods of evaluation with lack of delayed hypersensitivity response to
DNCB being the most consistent abnormality. Consequently, one might
predict that in patients with early stages of breast cancer, a failure to respond
immunologically to tumour-associated antigens should not be due to a lack of
general immunocompetence.

Evidence for an antibreast cancer immune response

Histological studies231 have documented infiltration of primary breast cancers
by lymphocytes. Medullary breast cancer, an infrequent histological type, is
associated with a more favourable prognosis than the more prevalent
infiltrating ductal breast cancer232

• Characteristically, the medullary cancers
contain poorly differentiated tumour cells but are infiltrated by large numbers
of lymphocytes. Accumulation of histiocytes In tile sinusoids of the axillary
lymph nodes of breast cancer patients has correlated positively with long
term survivae33

,234. Lymphocytic infiltration in the tumour and reactive
changes in the axillary lymph nodes predicted improved IS-year survival23S

•

Several studies, however, failed to confirm the association of lymphoid
infiltration of the primary tumour with improved survivae36 or found the
association only for patients with poorly differentiated tumours237

•

Although lymphoid infiltration has often been cited as evidence for an
antitumour immune response, it is circumstantial evidence at best since there
is little information regarding the functional significance of the infiltrating
lymphocytes. Infiltratin9 lymphocytes might not affect or might even
stimulate tumour growth 98. Monoclonal antibodies are now available which
recognize differentiation antigens on human lymphocytes. Different
monoclonal reagents can discriminate B, T and null cells as well as T-cell
subsets with differing function. Several studies have phenotyped the
lymphocytes infiltrating primary breast cancers using frozen sections stained
by an immunoperoxidase technique.

Most of the mononuclear cells which infiltrate breast cancers express T-cell
differentiation antigensm -242

• Prevalence of the helperI inducer T-lymphocyte

187



IMMUNOLOGY OF MALIGNANTDISEASES

subset and the cytotoxicj sUEpressor T-lymphocyte subset varied from study
to study. In two reports 40,2 2 helper/inducer T-cells predominated, whereas
cytotoxic/suppressor cells were more prevalent in a third study. Bahn and
DesMarias23 noted that T-lymphocytes in aggregates were predominantly of
the helper/ inducer subset, whereas diffusely scattered T-lymphocytes were
more often of the cytotoxic/ suppressor phenotype. Direct lymphocyte
tumour cell contact was infrequent except in medullary cancer. Infiltrating
lymphocytes were found in the tumour stroma or in connective tissue
surrounding tumour nodules, rather than within nests of tumour cells.
Biologically, this may be important in that direct contact between tumour
cells and lymphocytes is required for tumour cell killing at least when
measured in vitro.

Development of a specific cellular immune response generally requires the
activation of T-cells following contact with specific antigen. Antigen
stimulation can be associated with the expression of 'activation' antigens by
T-lymphocytes. In several studies, a subset of infiltrating T-cells has expressed
antigens associated with lymphocyte activation. In one report, about 10-30%
of the total number of T-lymphocytes in breast cancers were positive for the
activation antigens TAC (interleukin 2 receptor) and HLA DR, whereas
lymphocytes positive for these antigens were only rarely observed in normal
breast tissue2

1. In most cases, there were few monocytes, NK cells or B
cells238-242. A few heavily T-cell infiltrated cases contained moderate numbers
of B-cells often arranged in follicles surrounded by T-cells239

• Cells which
stained with the anti-TlO monoclonal antibody had the morphology of
plasma cells and were variable in number. Interestingly, medullary cancers
had many TlO positive cells238

•

The intensity of T-cell infiltration varied widely from tumour to tumour.
Using an arbitrary scale to score intensity of infiltration, 40% of tumours had
sparse to slight infiltration, 40% had moderate infiltration and 25% were
intensely infiltrated238

• Intensity 01" T !~lmphocyte infiltration has correlated
with tumour cell expression of Class I major histocompatibility antigens in
melanoma243

• Breast cancers vary substantially in expression of Class I and
Class II HLA antigens. Depending on the study, 40-95% of breast cancers
have expressed HLA Class I antigens238

-
240,242. Expression of HLA Class II

(DR) antigens was less prevalent ranging from 0 to 40% of tumours238-240,242.
Only one of three studiesm

-
L4u found a correlation between intensity ofT-cell

infiltration and Class I HLA expression on breast cancer cells. A fourth study
observed dense T-cell infiltration only in areas with DR-positive tumour
cells242 .

Suspensions of leukocytes from axillary lymph nodes and peripheral blood
of breast cancer patients were phenotyped by flow cytometric analysis of two
colour immunofluorescence244. DR-positive T-lymphocytes of both helper/
inducer and cytotoxic/ suppressor subsets were more frequent in peripheral
blood of node-positive Stage II breast cancer patients than in node-negative
Stage I patients. Between the two stages there was no difference in the
frequency of T-cells, T-cell subsets or B-cells in peripheral blood. Lymph
node cells from Stage I patients had significantly more helper/ inducer (leu 3)
T-cells than lymph node cells from Stage II patients. This was due to a
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decrease in Stage II patients of leu 3+ cells lacking the leu 8 marker which is
found on T-helper cells. Lymph node cells from Stage II patients had
significantly elevated proportions of Leu 12+ B cells, cytotoxic/suppressor
T-cells, activated DR-positive T-cells of both helper/inducer and cytotoxic
suppressor subsets, and Leu 7+ 1t natural killer cells. Changes observed in
lymph node cell subsets, including expression of activation antigens, were
thought to be related to metastasis of breast cancer cells to the regional
nodes244

•

In summary, histological studies of mononuclear cells infiltrating primary
breast cancers have identified T lymphocytes as the predominant leukocyte.
Heterogeneity has been observed among different tumours with regard to the
intensity of the infiltrate, the proportion of T-cells and the prevalence of
T-lymphocyte subsets. Direct contact between tumour cells and T-cells has
not been frequently observed. Breast cancer epithelial cells had variable
expression of Class I and II HLA antigens, and there is controversy as to
whether intensity of T-cell infiltration correlates with tumour cell HLA
expression. When tumour cells metastasize, the proportion of helper/ inducer
cells may decline in regional lymph nodes and activated T-cells may recur
locally and in the peripheral blood. B-cells and NK cells may also decrease
within affected nodes. Whether or not changes in lymphocyte populations
reflect specific recognition of tumour-associated antigens cannot be
determined from these studies, nor is it known whether T or NK cells actually
affect tumour growth.

In vivo responses to breast cancer

A number of studies have attempted to demonstrate specific immunologic
reactivity with breast tumour-associated antigens. Skin tests with crude
extracts of autologous breast cancer tissue produced delayed hypersensitivity

. . b 25m f b ?45 246 A . 1reactIOns III a out 70 0 reast cancer patients·' . pproxlmate y one-
half of the patients who responded to autologous tumour extracts also
responded to allogeneic extracts"". Similarly, using fixed cryostat sections of
autologous tissue in an in vivo skin window technique, 40% of breast cancer
patients showed cellular hypersensitivity to malignant sections compared with
10% reactivity to benign sections247

. The crude breast cancer extracts used for
in vivo skin tests were not well characterized for specificity and some normal
tissue extracts also elicited reactions, particularly at high protein
concentrations248

• Some of the observed skin test reactivity was ascribed to a
tissue-associated antigen since breast cancer patients responded to extracts of
both tumour and normal breast tissue249

,25o.

Subsequent studies tested fractions separated from crude antigen extracts
in an attempt to improve specificity. Hollinshead et al. 251 found two antigens
with skin test reactivity after separation of tumour membrane extracts by gel
filtration and polyacrylamide gel electrophoresis. One antigen which
produced skin reactions in patients with localized or metastatic breast cancer
was present in breast cancer extracts, but not normal breast extracts. The
second antigen elicited skin test reactivity in patients with localized breast
cancer and was found in membrane extracts of both breast cancer and benign
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breast tissue251
• The number of patients who could be tested with extracts

from breast tumours was limited. Both reactivity and specificity for breast
cancer varied among different extracts prepared in the same manner252

•

Breast cancer cell lines (e.g. MCF-7) have been evaluated as a renewable
source of skin test antigens. One subfraction (2a) isolated from an extract of
the MCF-7 cell line by gel filtration and polyacrylamide gel electrophoresis
produced significantly more delayed cutaneous reactions in breast cancer
patients than in patients with other cancers252

• Unfractionated extracts
prepared from vesicular stomatitis virus-infected MCF-7 cells were more
potent skin test antigens than extracts from uninfected MCF-7 cells253

•

Generally, it has been difficult to evaluate the specificity of skin test
preparations containing complex mixtures of antigens. The Thomsen
Friedereich (T') antigen is, however, one well defined breast carcinoma
associated determinant which can be prepared by desialation of MN antigens
from human erythrocytes and which has been used to skin test breast cancer
patients31

• T antigen is the immediate precursor of MN blood group antigens
and is found on 95% of carcinomas but not on normal tissues. Purified T
antigen elicited delayed type hypersensitivity responses in 96 of 108 patients
with infiltrating ductal breast cancer, in only 11 of 144 patients with benign
breast disease, and in 0 of 85 normal individuals. Positive reactions were also
elicited in patients with carcinomas originating at other sites including lung,
pancreas and colon31

•

Delayed cutaneous reactions using both crude and more purified
preparations of breast tumour-associated antigen are compatible with the
existence of a cell-mediated immune response. With the exception of T
antigen, however, delayed cutaneous reactivity could not be evaluated in
healthy individuals because of the possibility of transferring oncogenic
materials. To avoid this ethical dilemma, cell-mediated and humoral
immunity to breast tumour-associated antigens have been investigated in
vitro.

Measurement of specific immune responses in vitro

Assessment of tumour immunity in vitro has permitted different investigators
to test sera or cells both from cancer patients and from apparently healthy
donors. In vitro assays of tumour immunity have not, however, always
correlated with in vivo assessment of tumour immunity in animal

d I 254 255 A' bl .. f . .mo e s ' . major pro em common to In vztro tests 0 tumour immumty
as well as the in vivo skin testing described above has been the limited
availability of breast cancer cells an normal breast epithelial cells. Auto
logous tumour cells may be the only appropriate antigen source for assays
of antitumour T-Iymphocyte responses restricted by autologous major
histocompatibility antigens. Use of allogeneic cells or cell lines may result in
detection of anti-HLA reactivity. Antibody or cell-mediated responses to
unique tumour specific antigens not shared by other breast cancers would
also only be detected on the autologous tumour cells. There is a need for
improved culture methods for solid tumour cells256

. Short-term culture
methods have been described for both normal and breast cancer epithelial
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cells257
. Establishment of cell lines, however, can rarely be achieved and most

often occurs with highly metastatic tumour cells from pleural effusions or
from skin nodules which probably represent only a subpopulation of the
original primary tumour. Aside from selection of subpopulations, in vitro
culture may also result in loss of surface antigens or acquisition of surface
antigens from serum supplements. Cultured tumour cells can also be more
susceptible than freshly isolated cells to the cytotoxic effects of leukocytes
from normal donors258

•

In vitro assessment of humoral immunity to breast cancer

Early studies reported that serum antibodies from breast cancer patients
could bind to fixed cancer cells when measured by indirect immuno
fluorescence259

,26o. About half of sera from different breast cancer patients
reacted with both surface and intracellular antigens of fresh autologous or
allogeneic breast tumour cell suspensions261

• Up to 25% of the positive sera
also reacted with fixed lung or colon carcinoma cells. Approximately 15% of
sera from controls matched for parity and age reacted with fixed breast
cancer cells as did sera from patients with benign conditions and other
malignant diseases. Absorption with normal breast or other normal tissue
failed to remove reactivity from breast cancer sera261

,262.

More recently, antibodies in 30 of 324 (9%) breast cancer sera bound to
glutaraldehyde fixed breast cancer cells lines when measured by radioimmuno
assay. Only two sera, however, failed to react with an assortment of other
normal and malignant cell lines. Reactivity was not reduced after absorption
with normal cells or with heterophile antigens263

• Using an immune adherence
assay to detect complement fixing antibodies, 55 of 353 (16%) breast cancer
sera preabsorbed with bovine erythrocytes were reactive264 with an
established breast cancer cell line (MDA-MB-436). Only ten sera remained
positive after absorption with a B-cellline autologous to MDA-MB-436 and
all the remaining activity was absorbed with fetal tissues or cell lines
expressing oncofetal antigens. Reactivity of the breast cancer sera with
several other breast cancer cell lines could also be attributed to reactivity with
oncofetal antigens or HLA antigens. Most of the serological studies
performed to date have not utilized such extensive absorption to characterize
reactivity found in breast cancer sera and not all studies have examined
reactivity with autologous cells primarily due to the constraints of limited
tumour cell availability. No breast cancer antigens have been described which
are analogous to the antigens of some melanomas or renal cell carcinomas 196

that are restricted only to autologous tumour cells.
Springer et ai. 265 observed that naturally occurring anti-T agglutinins

induced by cross-reacting determinants on gut bacterial flora were severely
depressed in about 20% of breast cancer patients compared with <5% of
controls of similar age. The level of anti-T agglutinins increased in 66% of
breast cancer patient sera following mastectomy, whereas only 3% of patients
undergoing breast biopsy for benign breast disease had similar increases.
Depression of anti-T antibody levels might be due to absorption of antibody
by tumour cells prior to mastectomy. Alternatively, the tumour might exert
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an immunoregulatory effect upon B-cells producing anti-T.
Immune complexes have been found in sera from breast cancer

patients266.267. When four different immune complex assays were compared,
however, none of the assays was sufficiently specific to have diagnostic
value268. Immune complexes from breast cancer pleural effusions have been
used to immunize animals for generation of heteroantisera or monoclonal
antibodies. An absorbed rabbit heteroantiserum recognized an 85 kD antigen
in both normal and malignant breast tissues269. A murine monoclonal
antibody bound to ductal epithelial cells in both benign and malignant breast
tissues and detected an antigen of more than 500 kD in a soluble fraction of
breast tumours270

• The recent use of lymph node lymphocytes from breast
cancer patients in the generation of human monoclonal antibodies indicates
that at least some ~atients are capable of making antibody to tumour
associated antigens5

• 71. Further application of the monoclonal technology
should permit rare critical analysis of the antigens recognized by the human
humoral immune response.

In vitro assessement of cell-mediated immunity to breast cancer

Leukocyte migration inhibition (LMI)

The LMI assay is an in vitro correlation of in vivo delayed type hyper
sensitivity272. The assay measures the distance over which leukocytes can
migrate after exposure to antigen. Once activated by specific antigen, T and
B-cells within the leukocyte population release macrophage migration
inhibitory factor (MIF) and leukocyte migration inhibitory factor (LIF).
These mediators, in turn, inhibit the migration of macrophages or
granulocytes, respectively273. Early studies indicated that leukocyte migration
was inhibited by extracts of both autologous and allogeneic breast tumours
but not by extracts of normal breast tIssue274.275

. Subsequent studies indicated
that patients with benign breast disease or patients with other cancers had an
incidence of reactivity similar to that observed in breast cancer patients276.277

•

In one study, gel filtration of breast cancer extracts permitted resolution of a
breast cancer-specific high molecular weight fraction and a breast-specific low

I I . h f . 278mo ecu ar welg tractiOn .
LMI reactivity to mouse mammary tumour virus (MMTV) antigen was

observed in patients with breast cancer and in patients with benign breast
disease but infrequently in normal controls279

• The significance of anti
MMTV LMI reactivity is unclear since antigens of Rauscher murine
leukaemia and Kirsten murine sarcoma virus also elicited LMI responses in
some breast cancer patients279

. Additional evidence for immune reactivity to
MMTV antigens in breast cancer patients and cross-reactivities between
MMTV antigens and human breast cancer have been comprehensively
reviewed by Zotter et al. 280

, but there is no conclusive evidence to date that a
virus is involved in the aetiology of breast cancer281

•

T antigen elicited LMI responses in 30-50% of breast cancer patients, 10%
of patients with benign breast disease and 4% of normal controls. T anti~en

skin tests, however, appeared more sensitive and specific than LMI 82.
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Extracts of breast cancer cell lines (MCF-7) were tested to provide a standard
ized antigen source for LMI antigen283

• In a blinded preoperative study,
breast cancer patients could not be distinguished from patients with benign
breast diease by reactivity to MCF-7 or MMTV antigensz84 . Evaluation of
breast cancer patients' LMI responses and potential for clinical use have been
hampered by crude antigen preparations of variable immunogenicity, high
reactivity in patients with benign breast disease and inconsistent statistical
analysis of results.

Leukocyte adherence inhibition (LAI)

Another assay considered to be an in vitro correlate of dela~ed cutaneous
reaction is the leukocyte adherence inhibition test (LAI)Z 5. This assay
measured inhibition of adherence of sensitized leukocytes to a glass surface in
the presence of specific soluble antigen(s). Several LAI techniques have been
described which may account for the fact that several mechanisms have been
proposed for the observed reactivity286.

In the haemocytometer LAI assay, T-Iymphocytes responding to anti~en

release a lymphokine(s) which decreases glass adherence of leukocytesZ87- 89.
Most breast cancer patients with localized or widespread disease and some
patients with benign breast disease have responded to allogeneic breast cancer
extracts but not to extracts from colorectal cancers or melanomas289. LAI
responses to breast cancer antigen have been blocked by autologous serum
from breast cancer patients.

In the tube LAI assay, tumour antigen bound to plastic cross-links
cytophilic antitumour antibody on monocytes resulting in release of
monocyte leukotrienes which inhibit adherence of leukocytes29o. Leukocytes
from normal donors preincubated with breast cancer serum exhibited LAI
responses to breast cancer antigen291

• Most patients with early disease (80%)
had positive responses to extracts of allogeneic brtast tumours290. Only about
30% of patients with advanced disease exhibited LAI reactions, but
pretreatment of leukocytes from advanced cancer patients with prostaglandin
Ez (PGEz), which raises intracellular cyclic AMP, restored LAI reactivity.
About 10% of patients with benign breast disease responded to breast tumour
antigen with or without PGEz pretreatment of leukocytes. Little reactivity
was found with extracts of other cancers, although some cross-reactivity was
observed with lung cancer antigens29o. Sensitivity and specificity of the PGEz
assay were more than 90% but the diagnostic value of the assay is still limited
by the low prevalence (0.1 %) of breast cancer in the general population. Most
of the false positives have benign breast disease292

.

While armed monocytes have recognized tumour antigen from both
autologous and allogeneic breast cancer extracts, recent LAI results with
purified T-Iymphocytes found reactivity only to autologous extracts293

• The
autologous T-cell LAI reactivity was inhibited with antibodies to
monomorphic Class I HLA antigens indicating that the autologous T-cell
response was restricted by Class I HLA antigens294 . The antibody-dependent
LAI responses of unfractionated leukocytes to allogeneic breast cancer
extracts were not inhibited with anti-HLA antibodies indicating that the
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organ-related reactivity detected in LAI assays was not restricted by HLA.
Aside from these MHC determinants, the epitopes recognized in LAI have
not been well characterized.

Mixed lymphocyte tumour cell reactions

Several in vitro assays have been used to evaluate direct lymphocyte reactivity
to intact tumour cells. Initial results showed that both autologous and
apogeneic lymphocytes from breast cancer patients were cytotoxic or
inhibited the growth of breast tumour cells but not skin fibroblasts from
tumour patients295,296. Serum from most breast tumour-bearing patients
inhibited the cytotoxic reactivity of lymphocytes297

• Other investigators,
however, have observed reactivity in lymphocytes from normal individuals in
microtoxicity assa~s and found it more difficult to discern specific reactivity
of cancer patients2 8,299. The lack of normal breast epithelial cell controls has
also hampered analysis of the specificity for the cytotoxic reactions248

Naturally occurring cytotoxic effectors or 'natural killer' (NK) cells were soon
recognized in the blood and lymphoid organs of normal individuals and
cancer patients30o.

The demonstration of major histocompatibility restriction of cytotoxic T
lymphocyte killing of virus injected tar~ets200 and evidence of MHC-restricted
immunity in animal tumour models 01,302 suggested that HLA-restricted
reactivity to breast tumour antigens would be missed unless autologous breast
tumour cells were used as targets. In subsequent studies, responses of breast
cancer patients to fresh autologous tumour cells were analysed in mixed
lymphocyte tumour cell proliferation assays (MLTC) and in short-term
lymphocyte cytotoxicity assays. The use of uncultured tumour cells was
advantageous since the10 resisted damage by NK cells in normal
unfractionated leukocytes 03.

Assays of T-Iymphocyte prolif;;;:"~ti~'1 in response to tumour-associated
antigens may be especially relevant since recent studies have demonstrated that
proliferating T-helper/ inducer cells can transfer tumour-rejection immunity in
animals243 . Proliferating helper/ inducer T-cells are known to release lym
phokines which recruit and activate both specific cytotoxic T-cells and non
specific effectors such as monocytes and NK cells. Blood lymphocytes from
about 35% of patients with cancers from different primary sites had cytotoxic
reactive T-cells. In only 7% of patients could cytotoxic reactions be demon
strated against allogeneic tumour cells matched for site and histology258.

Lymphocytes from approximately 70% of cancer patients proliferated in the
presence of autologous tumour cells25S . Lymphocytes from the peripheral
blood and/ or separated from the dissociated primary tumour of six breast
cancer patients were stimulated by autologous tumour cells in 7/9 MLTC
tests304. Lymphoproliferative responses were also observed to MMTy30S,306
and hypotonic membrane preparations of autologous breast tumours307.
Patients with positive responses to autologous membrane preparations had a
significantly longer disease-free survival after a 3-year follow_up307. Although
T antigen induced delayed hypersensitivity in vivo and LMI and LAI responses
in vitro, there was no in vitro lymphoproliferation to T antigen308.
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Reactivity in MLTC reactions mayor may not indicate a response to
tumour-specific antigens. T-cells can be stimulated by autologous DR
antigens on normal B-cells or monocytes in the autologous mixed lymphocyte
reaction (AMLR)309. AMLR reactivity requires purified responding T-cells
and purified stimulator cells for optimal detection whereas MLTC reactions
occur without fractionation of responder lymphocytes258 . Tumour-derived
lymphocytes and macrophages have not elicited MLTC reactions31O. Even if
contaminating leukocytes are removed from stimulating autologous tumour
cells, however, tumour cells themselves can express DR antigens.
Consequently, DR-positive and DR-negative tumour cell variants and Ior
cloned responder T-lymphocytes will be needed to define the specificity of the
reaction. In addition, controls from benign tissue will be critical. Some
positive reactions have been observed with stimulator cells from normal
tissues311

• Even if the corresponding normal tissue is available, it may not be
an appropriate control since the tumour cell population may reflect
transformation of a minor subpopulation of cells in the normal tissue255

• For
detection of tumour-specific antigens not found on the normal counterpart,
the subpopulation of normal cells would need to be purified to provide a
control directly comparable to the tumour cells.

Recent advances in recombinant DNA technology should permit more
precise analysis of determinants recognized in the MLTC. The discovery and
cloning of interleukin-2(1L-2; T-cell growth factor) have made it possible to
expand tumour-reactive lymphocytes for further analysisJ

••• Lymphocytes
placed directly into culture with IL-2 or mitogens become broadly cytotoxic
for fresh autologous or allogeneic tumour cells or lines and have been called
lymphokine activated killer cells (LAK cells)313. NK cells can also be
expanded by treatment with IL_2304. T-cell clones have been described with
proliferative or cytotoxic reactivity to autologous lymphoma314

, melan
oma315,316 and lungcoloncancers304.Some human T-cell clones failed to continue
proliferating after 12 weeks in culture304. Llmitt~ availability of autologous
tumour cells also hampers cloning attempts since T-cell clones require
periodic exposure to antigen besides IL-2. T-lymphoblasts activated in MLTC
and first separated from non-blast cells before culture in IL-2 retained specific
cytotoxic activity for autologous tumour cells with little activity for allogeneic
tumours of the same site or NK-sensitive target cells. Proliferative activity of
the cultured T-cells was observed with both autologous and allogeneic breast
tumour stimulator cells31O

• When assays were performed by limiting dilution
analysis, lymphocytes which proliferated in the presence of IL-2 were more
numerous in lymphocytes infiltrating the tumour than in peripheral blood
suggesting that this population was activated in vivo317

•

Demonstration of autologous tumour-reactive lymphocytes in vitro in
humans points to the existence of tumour-specific or tumour-associated
antigens which are immunogenic in the autologous host. Continued improve
ment in techniques available for the growth ofT-cells and tumour cells should
make it possible to define the specificity of reactivity observed in MLTC and
cytotoxicity assays. Whether these antigens function as tumour rejection
antigens in vivo is unknown.
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Suppressor cells

Leukocytes with suppressive actIvity can be responsible for depressed
reactivit~ to tumour-associated antigens or other antigens in cancer
patients 18. Tumour-specific suppressor cells analogous to those described in
murine systems which interfere with effective antitumour immunity319 have
not been found in humans. Non-specific suppressor cells with the
characteristics of monocytes have been found in breast cancer patients which
inhibit proliferative responses to PPD and PHA320

• One mechanism of
immunosuppression by non-specific suppressor monocytes is the release of
prostaglandins. Addition of indomethacin, a prostaglandin synthesis
inhibitor, enhanced proliferation to mitogens321 and macrophage-mediated
tumour cell cytotoxicity322 in breast cancer patients. In a study of 38 lung and
breast cancer patients, about 50% of patients had suppressor cells which
inhibited proliferative responses to mitogens or alloantigen. Of the six breast
cancer patients with demonstrable suppressor cells, two had adherent
esterase-positive suppressor cells and four had non-adherent suppressor
cells323

. Suppressor activity for alloantigen proliferation in patients with early
breast cancer was associated with ferritin+ T-lymphocytes324

. Leukocytes
infiltrating breast cancers had suppressive activity for peripheral blood
leukocyte responses to PHA and for MLTC responses to autologous tumour
cells325

• It is not known whether the human suppressor cells found in vitro
assays interfere with effective human antitumour responses in vivo.

Conclusions regarding the immune response to breast cancer

Immunocompetence appears to be well preserved in many patients with early
breast cancer. In advanced disease, development of delayed cutaneous
reactivity and other T-cell-mediated responses may be impaired. Among the
leukocytes which infiltrate human hreast cancers, T-cells are observed most
frequently. The intensity of T-cell infiltrates varies substantially from tumour
to tumour. Direct contact between T-lymphocytes and tumour cells is
uncommon. Activated T-cells can be observed within regional lymph nodes
and in the peripheral blood of breast cancer patients. A fraction of breast
cancer patients will have antibodies which react with breast cancer-associated
antigens. Whether any of these antigens is tumour-specific remains in doubt.
Tumour cells or extracts can evoke delayed cutaneous reactivity, leukocyte
migration inhibition, leukocyte adherence inhibition, cell-mediated cytotox
icity and lymphocyte proliferation. In contrast to studies with xenogeneic
murine monoclonal antibodies, the antigens responsible for autologous
reactivity have not been well defined. In assessing specific immuno
competence it will be important to take into account the activity of suppressor
cells. To date only non-specific suppressors have been documented among
leukocytes from breast cancer patients. In some cases, immunosuppression
appears to be mediated by prostaglandin-producing leukocytes and can be
abrogated with indomethacin.
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IMMUNOTHERAPY OF BREAST CANCER

Active immunotherapy with immunostimulants, immunorestorative
agents and tumour cell vaccines

Local immunotherapy

Direct intralesional injection of the tuberculosis vaccine Bacillus Calmette
Guerin (BCG) has produced regression of cutaneous metastases from
malignant melanoma in 60% of patients treated326

• In approximately 15% of
melanoma patients, non-injected lesions have also regressed. Despite these
encouraging results with cutaneous disease, lymph node metastases have
responded less frequently and there are only anecdotal cases where clinically
apparent visceral metastases of malignant melanoma have regressed
following local immunotherapy. A similar approach has been applied to the
management of chest wall recurrence and other cutaneous metastases from
breast carcinomas. If the results of five studies are combined, injected lesions
regressed in 42% of 50 patients whereas non-injected lesions failed to
respond327-331. In the largest single series which included 20 patients, only
three partial responses were observed330. Among patients whose tumours did
regress, PPD sensitivity was present prior to treatment or developed
following exposure to the organisms. Given the relative immunocompetence
of breast cancer patients, it is likely that breast carcinomas are somewhat less
susceptible to the 'bystander' killing exerted by a local inflammatory response
to BCG.

The alkylating agent, nitrogen mustard, is directly cytotoxic for tumour
cells, but can also act as a contact allergen. Approximately 75% of breast
cancer patients can be sensitized to nitrogen mustard. Local treatment of
cutaneous breast cancer metastases with nitrogen mustard produced
complete regression in five of ten cases332. Development of contact sensitivity
was observed in each of the responders. Using topical application of the
contact allergen dinitrochlorobenzene, local tumour regression could also be
produced in three of eight breast cancer patients333

• While local antitumour
activity is of interest, the major clinical problem in breast cancer is systemic
control of micrometastatic disease within viscera.

Systemic therapy with BGG and Corynebacterium parvum

Considering the local activity of BCG against melanoma and other solid
tumours, a number of trials were undertaken to evaluate possible systemic
antitumour activity of the immunostimulane34-338

• In many of these trials,
BCG was administered by scarification at a site distant from the primary
tumour or clinically apparent metastatic disease. Early reports from the M.D.
Anderson Hospital suggested that the addition of BCG to combination
chemotherapy with 5-fluorouracil, adriamycin and cyclophosphamide (FAC)
prolonged overall survivae34-337

• In general, however, these studies were
historically controlled and have not been confirmed in prospective trials338

•

Similarly, early trials with Corynebacterium parvum and C. granulosum
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indicated that treatment with these agents would prolong survival of patients
with advanced solid tumours when used alone or in combination with chemo
therapy339-343. Subsequent studies have not confirmed the efficacy of C.

344345 d h d d . d" 346-348 . 1 1 hparvum ' an ave ocumente Increase toxIcIty , partlcu ar y w en
the immunostimulant is used in combination with cytotoxic drugs346.

Judging from experiments in animal systems, immunotherapy is likely to
be most effective in an adjuvant setting when only a small number of tumour
cells remain following conventional treatment with surgery, radiation or
cytotoxic chemotherapy. In several large, concurrently controlled adjuvant
studies, no significant effect has been exerted bl- BCG, the methanol
extraction residue of BCG (MER) or C. parvum344

,34 -353.

Interestingly, there is one trial with 4 years of follow-up where the admin
istration of the synthetic polyribonucleotide, poly-A/poly-V, has Erolonged
disease-free survival and overall survival following mastectomy3 5,355. This
report requires confirmation, but is the most promising result with active
non-specific immunotherapy. Administration of poly-A/poly-V is associated
with a transient increase in circulating NK and T-cells356

• Interferon cannot be
detected in serum, but levels of 2,5 oligoadenylate synthetase are increased in
leukocytes356.

Immunorestoration with levamisole

The low molecular weight antihelmintic drug levamisole is capable of
augmenting monocyte, macrophage and T-cell function in animals and in
patients who are immunosuppressed357

• Attempts have been made to utilize
this immunorestorative activity in adjuvant trialsm

-
366. One early report from

Argentina tested the adjuvant activity of levamisole following radiotherapy
for stage III breast carcinoma358. At 30 months, 95% of patients who received
levamisole were alive whereas only 35% of controls still survived. Three trials
in advanced breast cancer suggested iliat levamisole could improve response

b· . h h d 1 . l36:f.365 366 S 1rates to com lnatIon c emot erapy an pro ong survlva ' , . evera
subsequent studies have, however, failed to confirm these early promising

1 '359-361364 C 1 h . h' . .resu ts '. onsequent y, at t e present tIme t ere IS no convincing
evidence that BCG, MER, C. parvum or levamisole contribute significantly
to the management of breast cancer.

Tumour cell vaccines

Whole tumour or tumour cell extracts have been administered alone or in
combination with immunostimulants. At least three trials have utilized

1 11 367-369 0 .. 1 d bb"auto ogous tumour ce s . ne investIgator coup e ra It Immuno-
globulin to autologous tumour and administered the derived cells to patients
in Freund's incomplete adjuvane67. None of six breast cancer patients
responded objectively to treatment, although one patient did have stable
disease for a year without cytotoxic or hormonal therapy. In a pilot study,
autografts of irradiated tumour cells were given to 16 patients following
simple mastectomy for Stage II or Stage III disease. 11 of the 16 survived
disease-free for 4-7 years368.
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Another report deals with more complex therapy in which patients received
extracts of allogeneic tumour or a subcellular fraction from these extracts370.
In some cases, leukocytes were transferred between patients who had been
immunized with tumour extracts. In patients receiving extracts alone, three of
19 had objective regression of measurable disease. Among patients who
received both allogeneic leukocytes and tumour cell vaccine, 12 of 42
responded. Based upon this experience, 78 patients have been enrolled in a
single arm adjuvant trial in which allogeneic breast tumour extracts have been
administered following modified radical mastectomy371. 5-year disease-free
survival among 39 node-negative patients has been 94%, whereas that among
39 node-positive patients has been 70%. Without larger, concurrently
controlled trials, clinical observations with tumour cell vaccines are difficult
to interpret.

Interferons and other mediators

The interferons constitute a family of proteins synthesized by mammalian
cells in response to viral infection. In addition to antiviral activity, interferons
possess the ability to inhibit cell proliferation and to modulate immune
responses. Three types of interferons have been identified: a (leukocyte
derived), f3 (fibroblast-derived) and 'Y (immune). a-interferons have exerted
antitumour reactivity against several lymphoreticular and haematopoietic
malignancies including hairy cell leukaemia, follicular non-Hodgkin's
lymphoma, multiple myeloma and chronic granulocytic leukaemia.
Responses have also been observed in melanoma, renal cell carcinoma and
Kaposi's sarcoma, but the utility of treatment with interferon for other solid
tumours remains to be defined. Incubation with a-interferon can inhibit
growth of breast tumour cell lines in culture372

• Administration of a
interferons can also retard growth of breast cancer heterografts in nude
mice372

.

Two early studies using partially purified a-interferon derived from virus
infected human leukocytes produced objective responses in 11 of 40 evaluable
patients (27.5%)373,374. Subsequent trials with highly purified lymphoblastoid
interferon produced by cell lines and a interferon produced by E. coli using
recombinant DNA techniques have proven less promising with only five
objective responses (4%) among 125 patients treated37s-382

• Responses to the
purified interferons have been partial and generally short lived. Success in the
earlier trials may relate to several factors. Recombinant technology selects
only one from more than a dozen a-interferon genes which may be expressed
in virus-infected leukocytes. Alternative forms of a-interferon may be
important for inhibiting tumour growth. Impure preparations of interferon
may contain other mediators which contribute to antitumour activity. Patient
selection may be important in that one of the two early trials excluded
patients who had had extensive prior cytotoxic chemotherapy, whereas trials
with lymphoblastoid and recombinant preparations have been performed, for
the most part, in patients who have failed both hormonal therapy and
chemotherapy.

Treatment with recombinant interferons has been associated with the same
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side-effects that had been observed with less highly purified preparationsm -282
•

Fever, fatigue, myelosuppression, anorexia and weight loss have limited
treatment. Nausea, vomiting, confusion, and abnormalities in liver function
tests have also been observed. Consequently, the relatively modest
antitumour activity of these preparations has been associated with substantial
morbidity. Most trials to date have, however, attempted to deliver the
maximally tolerated dose, rather than an optimally immunomodulatory
dose383

• Trials designed to optimize augmentation of natural killer activity,
effector function for antibody-dependent cell-mediated cytotoxicity and
macrophage-mediated cytotoxicity should still be undertaken. In this regard,
y-interferon clearly holds promise. Substantially smaller doses of interferon
are likely to be required to produce immunomodulation when used alone or
in combination with other mediators. Lower doses of interferon will almost
certainly be associated with less morbidity.

In one early study, 'transfer factor' was prepared from a dialysed extract of
peripheral blood leukocytes taken from healthy donors 384

• Five patients with
advanced breast carcinoma were treated with these extracts from 21 to 310
days. Three of the five became responsive to tuberculin or streptococcal
antigens. Regression of metastases lasting 6 months was observed in one
patient. With newly developed technology it may be possible to characterize
'transfer factor' more precisely.

Adoptive immunotherapy

Adoptive immunotherapy has been attempted using allogeneic and
autologous leukocytes. As early as 1969, cancer patients were immunized with
tumours from other affected individuals and leukocytes exchanged. Overall,
objective responses were reported in 23 of 118 cases385

• A single partial
response was observed among the five breast cancer patients included in this
group.

IL-2-treated autologous leukocytes have been injected locally into cutaneous
metastases of breast cancer'··. This has produced regression of the local
disease in two of four' cases. Interpretation of response is complicated,
however, by the fact that patients received concurrent radiotherapy with
1200-1660R. Trials utilizing systemic administration of IL-2 and LAK cells
have only recently begun.

Treatment of plasma with staphylococcal protein A

A substantial fraction of patients with breast cancer have circulating immune
complexes. To the extent that these complexes contain tumour-associated
antigens, circulating immune complexes might act as blocking factors to
prevent the development or expression of lymphocyte-mediated cytotoxicity
for tumour cells. Staphylococcal protein A can bind IgG that has been
complexed with antigen. Perfusion of plasma over columns of staphylococcal
protein A can reduce levels of circulating immune complexes.

Bansal et al. first reported regression of metastatic colon cancer in a single
patient following perfusion of plasma over staphylococcal protein A fixed to
a solid phase immunoabsorbent387

. In at least three independent trials, 43% of
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21 b . d d "1 388-390 A l' . d '1reast cancer patients respon e to SImI ar treatment . Imite PlOt
study at the National Cancer Institute

9
however, failed to demonstrate a

response among six additional patients3
I. Responders tended to have more

severe side-effects with fever, chills, alterations in blood pressure, pulmonary
oedema and bronchospasm. With a decrease in the quantity of protein A and
perfusion rate, less toxicity has been observed392

• The mechanism underlying
tumour regression is uncertain. In studies with dogs and rats bearing primary
autochthonous mammary carcinomas, regression of tumour has also been
observed when the tumour bearer's plasma was perfused over staphylococcal
protein A393-395. In some cases tumour regression was observed when plasma
was perfused over cyanogen bromide-activated sepharose without protein A,
suggesting that complement activation might be important and that
amaphylotoins might account for some of the antitumour activity394.
Histological studies performed during human trials have documented early
necrosis of tumour cells as well as microvascular damage with ballooning and
vesiculation of endothelial cells in the post-capillary venules396. During
perfusion, staphylococcal protein A as well as contaminating enterotoxin
may be leached into the plasma388

• The former can generate oligomeric
complexes with IgG which could affect in vivo clearance of circulating
immune complexes. The latter is a potent T-cell mitogen. Interestingly,
mitogenic activity has been observed in perfused plasma from those patients
who responded to treatment390. Whatever the mechanisms involved, studies
with staphylococcal protein A represent some of the few attempts to intervene
in regulation of the immune response. Both immunological and non
immunological events are also likely to be encountered as new mediators such
as tumour necrosis factor are evaluated.

Serotherapy with monoclonal antibodies and conjugates

Monoclonal reagents have been used to treat patients with several different
malignancies. Occasional instances of tumour regression have been observed
with anti-idiotypic antibodies in non-Hodgkin's lymphoma and with anti
G03 antibodies in malignant melanoma. Antitumour activity may also have
been detected in gastrointestinal cancer using the 171A antibody. Temporary
decreases in circulating leukaemic cells have been observed in chronic
lymphocytic leukaemia and T-cell lymphoma using antibodies reactive with
leukocyte differentiation antigens. Overall, however, the clinical activity of
unconjugated murine monoclonal antibody has been modest.

Several obstacles to effective serotherapy have been identified including
heterogeneity in antigen expression, immunity to murine immunoglobulin,
antigenic modulation, as well as the blocking activity of shed antigen.
Possibly of greater significance, however, is a lack of adequate effector
activity. With the exception of antibodies directed against growth factors or
growth receptors, simply binding an antibody to the tumour cell surface does
not inhibit its growth. For effective tumour cell killing, antibodies must
activate serum complement components or bind effector leukocytes for
antibody-dependent cell-mediated cytotoxicity. A variety of effectors can
mediate AOCC including activated macrophages, null cells, granulocytes and
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platelet fragments. Many of these populations are decreased in cancer
patients, particularly following cytotoxic chemotherapy. Circulating immune
complexes can also interfere with Fc receptor function. Two antibodies
directed against high molecular weight glycoproteins, F36/22 and M7/ 105,
can destroy human breast cancer cells in the presence of murine or human
complement. Both can inhibit growth of human breast cancer heterografts
in nude mice17

• F(ab')2 fragments were inactive consistent with either
complement-mediated or antibody-dependent cell-mediated cytotoxicity.
Intact antibodies were not particularly effective in ADCC in vitro supporting
the possible importance of complement-mediated cytotoxicity.

To improve tumour cell killing, monoclonal antibodies have been
conjugated with radionuclides, drugs or plant toxins. Conjugation with the
first may permit bystander killing of adjacent cells which can be an advantage
in compensating for a lack of antigen expression by individual cells within a
tumour. Emission of radioactivity does, however, continue during the interval
before antibody binds to the tumour and while the radionuclide is being
excreted. Normal tissues including the bone marrow are irradiated by
circulating radionuclide conjugates. Drugs and toxins kill individual cells to
which they have bound and this should provide greater specificity. Antigen
negative cells may, however, evade tumour cell killing.

The substantial number of antigenic determinants defined by monoclonal
antibodies might provide useful targets for delivery of isotopes, drugs or
toxins. Many of the plant toxins inhibit protein synthesis at the level of
ribosomes. Consequently, their activity depends upon translocation into the
appropriate cytoplasmic compartment within the cell. In the case of radio
nuclide conjugates, internalization may not be required, depending upon the
particular isotopes utilized.

Radionuclide conjugates have been prepared with a number of monoclonal
reagents directed againt human breast cancer including F3622, B6.2, B72.3,
115D8, LlCR-LON-M8, HMFbi, HMFG2, IO-3D2, 3E1.2 arid
DF349-52.172,397.398. Radionuclide conjugates have usually been prepared51.397
with 1311, although the 1O-3D2 and M8 antibodies have been conjugated5o,172
with Ililn. Optimal tumour tissue ratios have generally been obtained with
F(ab')2 fragments rather than with intact immunoglobulins 172·397

. Imaging of
nodules as small as OAcm has been achieved in nude mouse heterograft models
'without computer subractions397

• In one clinical study the 3EI.2 antibody
labelled with 1311 has been used to image axillary lymph nodes after intralym
phatic injection52 . Uptake was optimal at 16-24 hours. Tumour was
appropriately localized in seven instances with palpable nodes and in two
instances in which nodes were not palpable. The therapeutic activity of
radionuclide conjugates has not been demonstrated.

In the case of immunotoxins, three groups have reported preparation of
.b' .... A h . 76 399 4011 S f hantl- reast Immunotoxms usmg ncm -c am . . . orne 0 t e most

extensive work has been performed at the Cetus Corporation76. Some 85
antibodies were used to prepare ricin A-chain (RTA) conjugates. 24 of these
reagents proved to be effective immunotoxins with 21 specifically toxic at
:::;1 nmol/ L. Affinity of the antibody, antigen copy number and internaliza
tion of antigen all seemed important factors in preparing effective
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immunotoxins. Several of these antibodies have also been conjugated to
Pseudomonas exotoxin. In some cases, the Pseudomonas exotoxin seemed
superior to ricin A-chain in destroying ovarian tumour targets which also
bore the breast tumour-associated determinants74

•

To date, clinical trials with immunotoxins directed against breast cancer
have not been performed. Recent results with melanoma (Chapter 8) suggest
that ricin A-chain monoclonal conjugates can be given with tolerable toxicity.
Considering potential difficulties in prompt localization to tumours outside
the vascular compartment, regional applications of monoclonal antibodies
are most likely to be effective in the short term. Intratumour injection of
radionuclide conjugates might be attempted. In addition, conjugates may
p'rove useful in the control of malignant effusions and meningeal metastases
when injected via the intrapleural, intraperitoneal or intrathecal routes.

Autologous bone marrow transplantation has been utilized in patients with
breast cancer401

• Using multiple high dose alkylating agents, complete
responses of visceral metastases have been observed in 60% of premenopausal
patients undergoing treatment for visceral metastases from ER-negative
tumours. The number of patients for whom autologous transplantation
would be appropriate may be limited by contamination of bone marroW with
metastatic tumour cells. Two groups have utilized monoclonal antibodies to
detect contaminating tumour in bone marrow by indirect immunofluor
escence43

,44,402. Multiple monoclonal antibodies have £roven superior to
individual reagents for detecting residual tumour cells4

• Our own studies
have documented that the use of multiple monoclonal antibodies in
combination can detect as few as one tumour cell in 10000 haematopoietic
precursors. A recent report with an abrin immunotoxin suggests that breast
tumour cells can be purged effectively from bone marrow without affecting
the ability of marrow to engraft403

• Given the ability to detect contaminating
tumour cells and to remove them effectively: autologous bone marrow trans
plantation might be extended to a larger number of patients.

Conclusions regardi ng immunotherapy

Despite a substantial amount of clinical investigation, immunological
techniques have had relatively little impact upon the management of human
breast cancer. Direct intralesional injection of BCG, dinitrochlorobenzene or
IL-2 treated cells has exerted local antitumour activity. Although systemic
activity may have been observed using immunostimulants in some trials, most
well controlled studies have failed to show therapeutic advantage to the use of
BCG, C. parvum and levamisole. Early studies with crude preparations of
leukocyte interferon suggested that as many as 25% of breast cancer patieqts
might respond. Using two different clones of recombinant interferon very
few responses have been observed. The highly purified mediators obtained by
recombinant DNA technology offer the promise, however, of a more rational
approach to immunotherapy. One of the most promising areas for further
investigation is the use of monoclonal antibodies which bind to a number of
well defined determinants on the tumour cell surface. Conjugation of
antibodies with radionuclides, drugs or toxins may permit more selective
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delivery of these agents to breast cancer cells. A number of obstacles have
been identified in the use of murine monoclonal antibodies in vivo and these
are least likely to be a problem when monoclonals are used for regional
therapy or for removing malignant cells from bone marrow. Successful use in
these settings may point the way to more effective systemic therapy.
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11
Acquired Immune Deficiency
Syndrome
A. CHACHOUA, R. ORATZ, M. GREEN AND F. M. MUGGIA

INTRODUCTION

The emergence of the AIDS epidemic in 1980 has led to intense worldwide
scientific investigation. Epidemiologic studies had defined the distribution of
the disease and its associated risk factors, even before the aetiologic agent was
discovered. In 1983 and 1984 French and American investigators identified a
retrovirus named LAV or HTLV-III as the aetiologic agent of this disease.
Subsequent to this, antibody assays and culture techniques were developed,
allowing mass screening for viral exposure, further definition of risk groups
and assuring the safety of blood and blood products available for transfusion.
The focus of current investigation has been the development of effective
antiviral agents and immune modifying strategies as well as anti-HTLV
III / LAV vaccines. Several studies have been ongoing in the treatment ofthe
malignancies, particularly Kaposi's sarcoma, and opportunistic infections
complicating this disease. This chapter, while providing a brief overview of
AIDS and its neoplastic complications, will mainly address ongoing research
in the treatment of specific aspects of this devastating syndrome.

EPIDEMIOLOGY

Prior to the identification of the aetiologic agent of AIDS, case control
studies helped define the risk groups and behavioural risk fadors associated
with this disease1

-
s. The discovery of HTLV-III/LAV, and the consequent

development of an antibody assay, made it possible to characterize the range
of disease caused by this virus, ranging from the most severe manifestation of
life-threatening opportunistic infection and malignancy to asymptomatic sero
positive individuals6

-
s. Other manifestations of HTLV-III/LAV infection

such as generalized persistent lymphadenopathy (LAS); fatigue, fever and
weight loss have been defined under the heading of AIDS-related complex
(ARC)9,1O. Studies have indicated that of homosexual men infected with
HTLV-III/LAV 5-20% will develop AIDS within the first 2-5 years after
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Table 11.2 AIDS cases by age at diagnosis in the United States

Age Cases %

Under 13 217 I
13-19 72 0
20-29 3158 21
30-39 7148 47
40-49 3160 21
Over 49 1417 9

Total 15172 100

Table 11.3 AIDS cases reported to the Centers for Disease Control as of Dec. 1985. Demographic
distribution

Adult/adolescent Paediatric Total
Race/ ethnicity Cases % Cases % Cases %

White, not Hispanic 8963 60 41 19 9004 59
Black, not Hispanic 3686 25 129 59 3815 25
Hispanic 2119 14 44 20 2163 14
Other 78 I 0 0 78 I
Unknown 109 I 3 I 112 I

Total 14955 100 217 100 15172 100

Table 11.4 All reported cases of AIDS and case-fatality rates by half-year of diagnosis,
1979-Dec. 2, 1985, United States

Number of Number of Case-fatality
cases known deaths rate (%)

1979 Jan.-June 3 2 67
July-Dec. 9 8 89

1980 Jan.-June 18 15 83
July-Dec. 29 27 93

1981 Jan.-June 87 73 84
July-Dec. 173 147 85

1982 Jan.-June 361 277 77
July-Dec. 633 462 73

1983 Jan.-June 1185 849 72
July-Dec. 1531 1114 73

1984 Jan.-June 2338 1524 65
July-Dec. 2982 1545 52

1985 Jan.-June 3726 1286 35
July-Dec. 2 2089 444 21

Totals* 15172 7777 51

*Table totals include eight cases diagnosed prior to 1979. Of these eight cases, four are known to
have died.
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Table 11.6 Risk factors for seropositivity to HLTV-III/LAV

Risk group

Homosexual men

Parental drug user

Haemophiliacs

Blood recipients

Other

Factors associated
with increased risk

Number of partners
Receptive anal intercourse
Contact in high risk area

Needle sharing
Frequent injections

Dose of factor 8 concentrate

Number of blood transfusions
Donor from risk group

Heterosexual contact with risk
group member

Frequent heterosexual contacts
Frequent prostitute contacts
Needle stick exposure
Parent from risk group

becoming infected I 1.12. However, this proportion may increase with longer
follow-up and may approach 50% in highly selected subpopulations 13

• Most
seropositive individuals, however, will remain asymptomatic for a prolonged
period. Some vital statistics (Tables 11.1-5) indicate the evolution of AIDS in.
the United States since the Centers for Disease Control defined criteria for
reporting this condition, and started accumulating data. These provide an
estimate of survival as a function of disease manifestations and demographic
factors. Table 11.6 outlines the risk factors associated with seropositivity.

Heterosexual transmission of AIDS is currently an issue of increasing
concern. The identification of HTLV-III/LAV in semen suggests a source of
heterosexual as well as homosexual transmission which appears to have been
confirmed by recent reports of transmission of infection to women by artificial
insemination14

• From 10 to 70% of steady heterosexual partners of infected
persons have positive HTLV-III/LAV antibodies I5

•
16. Currently 1% of

patients with AIDS have no identifiable risk factors apart from heterosexual
contact with other persons with AIDS or with persons at increased risk. A
sizeable percentage (15-20%) of men with AIDS, with no other risk factors,
claim to have had frequent heterosexual contact with prostitutes17. In
addition, recent studies indicate a significant rate of seropositivity amonffemale prostitutes, indicating at least a carrier state for this disease I .

However, because HTLV-III/LAV infection has been present since 1980 and
heterosexual transmission accounts for less than 5% of cases with AIDS, it
would seem that the prevalence of infection in heterosexuals, although
increasing, may not rise dramatically19. .

Tables 11.7 and 11.8 demonstrate the incidence of AIDS in Europe where
homosexuals are also the primary group at risk. Intravenous drug abusers
account for 3% of all European cases. Countries not importing blood
products from the United States have a lower incidence of seropositivity
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Table 11.7 Reported AIDS cases and estimated rates per million population from 17 European
countries

Country Oct. 1983* Oct. 1984 Dec. 1984 Mar. 1985 Ratest

Austria 7 13 13 1.7
Belgium 38 65 81 8.2
Czechoslovakia 0 0 0 0 0.0
Denmark 13 31 34 5 8.0
Finland 4 5 5 1.0
France 94 221 260 307 5.6
Federal Republic

of Germany 42 110 135 162 2.6
Greece 2t 6 7 0.7
Iceland 0 0 0 0 0.0
Italy 3 10 14 22 0.4
Netherlands 1 26 42 52 3.6
Norway 4 5 8 2.0
Poland 0 0 0 0 0.0
Spain 6 18 18 29 0.8
Sweden 4 12 16 22 2.7
Switzerland 17 33 41 51 7.9
United Kingdom 24 88 108 140 2.5

Total 249 559 762 904 2.4

*These data were reported at the First European Meeting on AIDS held in Aarhus, Denmark,
October, 1983.

t Based on 1983 populations, INED, Paris.
t Data of July 15, 1984.

Table 11.8 AIDS cases, by patient risk group and geographic origin from 17 European countries,
through March 31, 1985

Nationality

Patient risk group European Caribbean African Other Total

(I) Male homosexual or
bisexual 627 4 9 21 661

(2) Intravenous drug abuser 25 25

(3) Haemophilia patient 27 28

(4) Transfusion recipient
(without other risk factors) II 5 16

(5) 1- and 2-associated 10 2 12

(6) No known risk factor
male 33 20 67 2 122
female 18 7 32 57

(7) Unknown 5 I 11 2 19

Total 756 32 124 28 940
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among haemophiliacs. The proportion of HTLV-III/LAV infection
transmitted by heterosexual contact, homosexual contact, intravenous drug
abuse or other modes varies considerably between countries because of
factors that are incompletely understood. Since the reports include a small
number of patients, data re,\uired for a reliable estimate of future epidemic
curve in Europe are lacking 0. Detailed studies evaluating the incidence of
HTLV-III / LAV infection in Africa are beginning to appear. The virus is
endemic in Uganda, Rwanda and Zaire, and is associated with generalized
aggressive atypical Kaposi's sarcoma (KS). In these countries heterosexual
contact is believed to be a major route for viral transmission, with the female
t9 male ratio being almost unity21.22. The delineation of the epidemiology of
AIDS has not only helped improve the understanding of the disease, but has
also been essential to the rational planning of therapeutic and preventive
measures.

VIROLOGY

The aetiologic agents of AIDS is HTLV-III/LAV, a lymphotropic and
neurotropic retrovirus, consisting of an RNA core covered by a viral
envelope. The virus can be isolated from peripheral lymphocytes in up to 80%
of patients with positive serum antibody23. In addition, the virus has been
detected in semen, saliva, tears, brain, and spinal fluid24

-
27

•

The first stage of infection involves a specific interaction at the cell
membrane between the viral envelope and a cellular receptor. In the case of
lymphocytes this appears to be the T4 receptor. The virus carries within its
core an enzyme that synthesizes DNA called reverse transcriptase, which
allows RNA to code for double-stranded DNA. This virally directed DNA
then integrates with host cell DNA. In addition to integrated DNA,
unintegrated proviral DNA persists in the cytoplasm of infected cells28

• Once
infection occurs with HTLV-III/LAV, it is likely to persist for the lifetime of
the cell since integrated viral genes are duplicated with the normal cellular
genes. In some cases this leads to neoplastic transformation, while other cells
undergo degeneration23

• HTLV-Ill/LAV has several features in common with
HTLV-I and HLTV-II including its genetic structure, and T-lymphocyte
receptor tropism. Figure 11.1 demonstrates the genetic structure of HTLV-

CJ CJ HTLV-I
LTR gag pol env 1011 LTR

CJ CJ HTLv-n
LTR gao pal env tal II LTR

Ol-----+-----!----+I--+-I------If------10 HTLv-m
LTR gag pol sor tOlm env 3'orf LTR

Figure 11.1 Comparison of genetic structures of HTLV-I, HTLV-II and HTLV-I1I/LAV
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III/ LAV in comparision with other retroviruses. HTLV-111/ LAV contains the
three basic genes common to retroviruses and necessary for replication; the gag
gene coding for three viral internal structural proteins p18, p25, and p13; the
pol gene for reverse transcriptase and env gene for the envelope. These
genomes when integrated are flanked on each side by sequences that contain
regulatory elements called long terminal repeat sequences. The long terminal
repeat sequences regulate the expression of viral genes but may also regulate
the expression of nearby cellular genes29

•

HTLV-III/LAV also contains a gene that encodes transcriptional activator
(tat), which has been mapped to a small region in the middle of the genome.
In other retroviruses the tat gene has been shown to be critical for virus
replication and has been implicated in the transforming capabilities of the
virus27

•
29

Although there are many similarities between HTLV-Ill/LAV, HTLV-I
and HTLV-II, the recent demonstration of considerable sequence homology
between the nucleic acid of HTLV-III/LAV and visna virus, a lentivirus
infecting sheep, suggests a closer similarity to that virus than to other retro
viruses. Both visna and HTLV-III/LAV are lymphocytopathic and
neurotropic. In addition, they both exhibit features of antigenic drifeo.

Diagnosis of HTLV-III/LAV infection

The ability to detect serum antibodies, viral products or virus has been one of
the major technical advances in this disease. The antibody response to
antigenic determinants found on HTLV-111/ LAV virion can be measured in a
number of ways31.32. The simplest is the ELISA test which measures antibody
to all viral proteins and is highly specific and sensitive in detecting HTLV
III / LAV infection. The original report of this technique indicated an 88%
positivity in AIDS patients, and a low (approximately 0.5%) positive reaction
in controls not at risk for AIDS33

• The ELISA is an indirect assay, which
utilizes inactivated HTLV-III/LAV virus lysate to coat microtitre wells;
plasma antibodies are subsequently quantitated by the amount of binding to
viral proteins. The ELISA test is currently the most widely utilized screening
test particularly among blood donors.

Whereas the ELISA test measures antibody response to several HTLV
III/LAV antigens, the Western blot technique measures antibodies to single
proteins. Virion proteins are separated by electrophoresis and reacted with
human sera. The antigen-antibody complex is identified by a radioactively
labelled protein with high affinity binding to such complexes3

!. This is the
most sensitive antibody test for AIDS, being positive in 100% of patients. Of
interest is a recent report suggesting that ELISA-positive, Western blot
negative blood may not be as infective as ELISA-positive, Western blot
positive blood34.

Another means of documenting infection is the isolation of virus and viral
products from the body fluids of AIDS and ARC patients. Cultured T
lymphocytes or cell-free supernatants are exposed to permissive cells, for
example the immortalized B-celliine FCRC-15 or immortalized T-cell line
HuT-78. Virus identification can then be confirmed by several techniques

232



AIDS

Table 11.9 Immunology of AIDS

T-cell abnormalities

Total lymphopenia
Decreased T4 subset
Reversed T4/T8 ratios
Decreased blast transformation in response to mitogen stimulation
Decreased lymphokine production
Defective T-cell and NK cell-mediated cytotoxicity
Diminished T-helper cell function for B-cell immunoglobulin production

B-cell abnormalities

Elevated levels of serum immunoglobulins
Increased circulating immune complexes
Increased spontaneous profileration
Diminished antibody response to de novo mitogens and antigens
Decreased response to T-cell-triggered activation

Monocyte and macrophage abnormalities

Defective monocyte chemotaxis
Diminished in vitro killing of extracellular and intracellular parasites
Increased IL-I secretion and prostaglandin production
Decreased response to inducers of IL-I production

Serologic abnormalities

Elevated j3-2-microglobulin
Elevated a-2-thymosin
Elevated acid labile a-interferon
Decreased serum thymulin
Soluble suppressor factor

including an assay for reverse transcriptase positive particles utilizing a
template primer. Cells can also be assayed for HTLV-III/LAV homologous
DNA using a cloned DNA probe. Cultures can be examined for typical
HTLV-III/LAV particles on electron microscopy. The development of
monoclonal antibody to various viral proteins including core protein allows
for specific identification of HTLV-III/ LAV per cell via double antibody
indirect or immunofluorescence assays35.

Currently, there is no single standardized test for the detection of HTLV
III/ LAV. With the rapid evolution of therapeutic strategies utilizing antiviral
agents, the need for a standardized approach towards virologic end-points
has arisen, and remains as one of the highest priorities of such trials.

IMMUNOLOGY

HTLV-III/LAV preferentially infects the T4 helper subset of lymphocytes,
causing intrinsic functional lymphocyte abnormalities, and disrupting the
array of interactions among various components of the immune system. Table
11.9 summarizes these immunologic abnormalities36. It is probable that other
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infections which commonly afflict susceptible populations account for some
of the abnormalities.

T-cell abnormalities

One of the earliest clinical observations in AIDS patients that allowed
recognition of the syndrome was an absolute decrease in the total number of
circulating lymphocytes. This decrease specifically affected the subset of
OKT4 or Leu 3 /helper inducer cells, resulting in an inversion of the T4/T8
helper/suppressor ratio. This reversed T4/T8 ratio is not specific for AIDS
and is seen in other conditions including systemic viral infections and
malignancy37.38.

A number of functional defects have been noted in both T4 and T8
lymphocytes, including decreased blast transformation in response to
mitogen stimulation, decreased lymphokine production, defective T-cell
mediated cytotoxicity39-44, and failure to respond appropriately to specific
antigens such as tetanus toxoid4

:l. Further investigation of T4 cells has led to
the identification of a T4 subset bearing a surface marker defined by the TQI
monoclonal antibody, which seems to be selectively depleted,. whereas TQr
cells are present in normal quantities45 . TQl+ cells are believed to be involved
in facilitating antigen-specific immune responses.

Lymphokine production, particularly interleukin-2 (lL-2), is diminished in
patients with AIDS. In vitro studies have demonstrated decreased IL-2
production in response to suboptimal concentrations of phytohaemagglutinin
(PHA). Interestingly, near normal levels are produced with higher PHA
concentrations. In addition, it is possible that sera from AIDS patients
contains specific IL-2 synthesis inhibitors46.

IL-2 receptor expression has been reported variously as either diminished47

or normal4 . The production of other lymphokines from the T-cells of AIDS
patients is also impaired, and y-interferon production has been reported as
either normal48 or decreased. In one study there was virtually no y-interferon
production in response to specific microbial antigens42.

T-cell-mediated cytotoxicity and natural killer (NK) cell activity is
markedly reduced in AIDS patients when compared with healthy subjects49.5o.
Specific killing of cytomegalovirus (CMV)-infected target cells by T-cells, and
lysis of K562 tumour target cells by NK cells are both defective. The
abnormality is more striking for virus-specific cytotoxicity. However, in the
presence of exogenous IL-2, both NK cell activity and virus-specific cyto
toxicity are dramatically enhanced49.51 . This finding showed that antigen
specific cytotoxic T-cell precursors can be present in the circulation of
patients with AIDS, and suggested that the mechanism for the deficient
cytotoxicity was a maturational arrest of these precursors at a stage
dependent on the effect of IL-2. These IL-2 effects were not interferon
mediated, as l3-interferon had no significant effect when added to culture of
AIDS patients' lymphocytes. Furthermore, addition of IL-2 did not induce
production and release of a-interferon from the lymphocytes of AIDS
patients in contrast to normallymphocytes51 . Nor did complete neutralization
of interferon with monoclonal antibody negate the positive effect of IL-2 on
NK cell cytotoxic activity.
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B-cell abnonnalities

Early clinical observations in AIDS patients revealed elevated levels of serum
immunoglobulins, circulating immune complexes, and various autoimmune
phenomena48. B-cells are polyclonally activated, and in fact approximately
ten times the number of circulating lymphocytes spontaneously secretinfnon-specific antibody are found in AIDS patients compared with controls4 .
However, these lymphocytes do not proliferate or produce immunoglobulin
when triggered with B-cell-specific mitogens. The defect in mitogen
stimulated antibody production was shown to involve intrinsic B-cell
dysfunction perhaps related to direct B-cell infection, separate from
abnormalities of T-helper cells36,43. Polyclonal hypergammaglobulinaemia is
common in these patients and a deficiency in any specific immunoglobulin
suggests a different diagnosis.

Other abnormalities in circulating proteins have been measured in serum of
AIDS patients. The significance of these findings is not entirely clear at this
time. f3-2 microglobulin, a-I-thymosin and acid-labile a-interferon levels are
reportedly elevated. Decreased serum thymulin has also been reported52-54.

Monocyte and macrophage abnonnalities

The monocyte, like the lymphocyte, may be primarily infected by the virus
HTLV-III/LAV, or its function may be impaired secondarily as a result of
virus-induced defects in the T4lymphocyte subsee6. Both extracellular killing
(e.g. Giardia lamblia) and intracellular killing (e.g. toxoplasmosis) of
parasites is defective in patients with AIDS. These defects are not overcome
with IL-2; however, intracellular killing may be enhanced by the addition of
a-interferon55.

Furthermore, monocytes show increased spontaneous release of IL-I and
prostaglandin E;, but inability to respond appropriately to the usual inducers
of interleukin secretion". Therefore, like B-cells, monocytes may be in a
preactivated state which precludes appropriate response to specific antigens.

Soluble suppressor factor

In addition to the depletion ofT4 cells induced by HTLV-III/LAV infection,
a soluble protein has been isolated from the serum of AIDS patients, which is
capable of inhibiting T-cell-dependent immune functions5 . This protein is
thought to be secreted by infected T4 cells. When added to cultures of normal
lymphocytes and pokeweed mitogen, soluble suppressor factor inhibited
proliferation and immunoglobulin synthesis. This protein closely resembles,
in its amino acid structure, a portion of the envelope of HTLV-I (a retrovirus
related to HTLV-III/LAV) and to p15E, an envelope protein of feline
leukaemia virus (FeLV)56. pl5E has been shown to impair the immune
responses of living experimental animals. Cats injected with the substance
developed cancer after exposure to feline sarcoma virus, and in vitro pl5E has
caused some of the functional lymphocyte abnormalities recognized in
HTLV-III/LAV infection. The soluble suppressor factor may actually be a
portion of the HTLV-III/ LAV protein envelope. Another possibility is that it
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AIDS

represents the gene product of a latent, endogenous portion of retroviral
DNA which had been previously incorporated and conserved in the host
genome and now activated, transcribed and translated in the presence of viral

• 56reverse transcnptase .

GENERAL THERAPEUTIC CONSIDERATIONS

Antiviral chemotherapy has become central in the treatment of AIDS and
related conditions and complications, including neoplasias. The success of
antineoplastic chemotherapy in the immunodepressed host is very much
dependent on being able to reverse immunologic abnormalities. Immune re
constitution upon development of the AIDS syndrome also presumably can
only be achieved in a host where the viral infection has been controlled.
Preliminary failures in these approaches may be related to the inefficiency of
these measures. Conversely, recognition of HTLV-III/LAV infection at
earlier stages, prior to the development of the syndrome, may be the most
hopeful approach for the future. Antiviral therapy may also have a role in
treatment of neoplasias related to AIDS both in the prevention of HTLV
1111 LAV manifestations, and in other ways not readily apparent at this point
in time if the viral infection is actually directly responsible for oncogenesis.

ANTIVIRAL CHEMOTHERAPY

Persistent HTLV-IIIILAV infection and replication is required for the
progression of the clinical syndrome. Ideally, antiviral treatment should be
aimed specifically against the offending aetiologic agent and have little if any
toxic effect on normal host cells. Potential targets for anti-HTLV-III/LAV
agents include reverse transcriptase and the tat enzyme, which are unique to
virally-infected cells. Other agents may be directed against envelope proteins,
or enzym.es responsible for viral processing and release. With the recent
recognition of sanctuary sites, e.g. central nervous system (CNS) and semen,
effective therapy should eradicate infections in these compartments.

Criteria for antiviral efficacy should include viral killing, evidence by
negative viral culture, or inhibition of viral replication, seen in the
suppression of reverse transcriptase (RT) activity. Other parameters might
include improved immunologic function such as increases in absolute
lymphocyte counts, restoration of the normal T4/T8 ratio and positive
delayed-type hypersensitivity to skin testing with recall antigens. Table 11.10
presents some antiviral agents with anti HTLV-III/LAV activity.

Ribavirin

Ribavirin is a broad-spectrum, non-interferon-inducing orally active
virostatic agent. Its structure is closely related to guanine (Figure 11.2), and
although its precise mechanism of action has not been fully elucidated, it is
likely to be related to disruption of guanine nucleotide metabolism.

In vitro, ribavirin is active against both DNA and RNA viruses57
-

59
• This
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HO

H

:>N

GUANOSINE RIBAVIRIN

Figure 11.2 Structures of guanosine and ribavirin

effect is dependent on the concentration of virus used to infect cells, the
characteristics of the host cell line and the specific virus strain60

• Recently
concentrations of 50J1.g! ml of ribavirin have been shown in vitro to inhibit the
replication of HTLV-III!LAV and the release of reverse transcriptase61

•

Ribavirin can be administered orally or intravenously, inhaled as an
aerosol or applied topically to the skin. After oral and intravenous administra
tion of 1000 mg! day serum plasma concentrations reached the in vitro mean
inhibitory concentration values for herpes viruses and influenza viruses62

•

Serum half-life of the drug is approximately 9 h (range 6.5-11.0) and is about
twice as long as that of other antiviral drugs such as adenosine arabinoside
(Ara-a) and acyclovir62

•
63

• Small-particle aerosol administration delivered
adequate drug levels to infants with imlulOnza and respiratory syncytial virus
infections64

•
65

• No significant toxicity has been seen in oral regimens of
600mg! day for 28 successive days. Higher doses and longer periods of
treatment may lead to toxicity - most notably decreases in haemoglobin
content and haematocrit66

•

Ribavirin is selectively concentrated in red cells, and the monophosphate
metabolite of the drug may then result in a competitive deficiency of ATP and
interfere with the cell's metabolism or membrane components resulting in
early red cell death67

• The anaemia is rarely clinicalll significant, is dose
related and reversed when treatment is discontinued68

•
6

•

Extensive clinical testing in randomized double blind trials has shown
efficacy of ribavirin in treating respiratory syncytial virus infections and lassa
fever70

-
74

•

To date experience with ribavirin in retrovirus infection has been limited. In
vitro concentrations of 50-100 J1.mol! L interfere with the replication of
HTLV-III!LAV in cultured T_cells61

• In phase I trials of ribavirin mean
plasma drug concentration of 3.1 J1.mol! L was achieved after an oral dose of
1000 mg! day66. Following intravenous administration of 1000 mg! day and
500mg!day for 4 days, mean plasma ribavirin levels were 94J1.mol!L and
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Figure 11.3 Structure of foscarnet

3 Na+

,68 j.tmoll L, respectively. These levels are in excess of the in vitro minimal
inhibitory concentrations for the herpes virus fami1lu

•

Toxicity in these studies included moderately severe anaemia and mild
central nervous system toxicity consisting of headache, insomnia, irritability
and poor concentration. Ribavirin treatment of AIDS patients has not yet
been undertaken in a controlled setting.

Phosphonoformate (foscarnet)

Foscarnet, a pyrophosphate analogue (Figure 11.3), has been shown to non
competitivel~ inhibit several viral enzymes including the DNA and RNA
polymerases 5. Reverse transcriptases from HTLV-III ILAV and other viruses
are inhibited in vitro by foscarnet in doses ranging from 0.7 to 100 j.tmof6.
Growth of HTLV-1111 LAV-infected cells was suppressed by 98% with doses
of 132 j.tmol, and was completely inhibited at 680 j.tmol. Growth rates of
uninfected cells were not affected at the lower dose and only minimally
inhibited at the higher dose.

Additional experiments77 revealed that timing of initiation and duration of
treatment was important. Either postponing addition of drug to cultures or
withdrawing it prematurely incompletely inhibited RT activity and viral
replication.

In cultures ofT-cells from patients with ARC, foscarnet reversed the viral
induced impairment of clonal lymphoc~te expansion, measured by a
significant rise in T-cell colony numbers 8. In another experiment using
lymphocytes derived from patients with AIDS, seven out of 12 T-cell cultures
exposed to foscarnet showed increased colony numbers, a positive trend
which did not reach statistical significance79

• Foscarnet did not stimulate
normal peripheral blood leukocytes in the presence of PHA or IL-2. The
mechanism of action of foscarnet in this regard is not well defined, but does
not seem to be related to mitogenesis stimulated by PHA or to direct antiviral
effect. One postulate is that foscarnet permits T-cell growth by activating
colony precursors while preventing viral production, while another
suggestion is that it may inhibit the production of soluble suppressive factors
which impair immune response. The latter hypothesis was supported by the
results of mixed lymphocyte experiments in which foscarnet reversed the
suppression of colony formation of healthy control cells induced by
lymphocytes from AIDS patients78

•

Foscarnet can only be administered intravenously in humans. Preliminary
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results from patients treated for CMV infections revealed plasma and CSF
concentrations ranging from 40 to 75 j.Lg/ml and 8 to 30 j.Lg/ml respectivello.
The drug is excreted in the urine. Its plasma half-life is between I and 4 h, and
the drug remains in bone for very long time periods - up to 400 days.

No acute toxicity was seen in the studies of foscarnet in treatment of CMV
infections in man. Evidence from animal studies suggests that the drug is
relatively non-toxic. Problems related to long-term intravenous infusion
include local phlebitis and volume overload. There was a suggestion of
nephrotoxicity in patients who had been treated for longer than 2 weeks.

Based on its in vitro activity against reverse transcriptase, ability to inhibit
growth of HTLV-III/LAV, and the relative lack of toxicity, foscarnet may
offer some promise in the treatment of AIDS.

Na03S NHC0-QCH3 H3CVCONH ~Na

t¢ ~: b:¢Oso~,
Na03S S03Na Q ~ SO;,Na:::?'I ~I

::::,.. ::::,..
NHCONH

Figure 11.4 Structure of suramin

Suramin

Suramin is a hexasodium salt derivative of naphthalenetrisulphonic acid
(Figure 11.4)81. Originally introduced in 1920 as a cure for African sleeping
sickness, the drug has been extensively used in the treatment of trypano
somiasis and onchocerciasis. Its speclhc mechanism of action against these
parasitic diseases is not known, but may be related to inhibition of various
enzymes including hyaluronidase, ATPase, hexokinase and DNA poly
merase82. Suramin has also recently been shown to competitively inhibit viral
reverse transcriptase in vitro. At concentrations of 50 j.Lg/ ml suramin blocks
the infectivity of HTLV-Ill/ LAV in cultures of normal T4lymphocytes and H9
cells. Higher drug levels, between 100 and 1000 j.Lg/ ml, clearly protected
against the cytopathic viral effect while not inhibiting normal T-cell growth83.

Suramin is given by slow intravenous administration as the drug is poorly
absorbed by the oral route. When given by subcutaneous or intramuscular
injection it causes intense local irritation.

Following intravenous injection suramin combines with plasma proteins,
and may persist in the blood for up to 6 months82. The drug is cleared by the
kidneys at a slow rate, with a half-life of about 40 days. Variable drug
accumulation occurs which may account for some therapeutic failures in the
diseases for which the drug is indicated.

Acute toxicity encountered in suramin treatment includes nausea, vomit
ing, abdominal pain and urticarial eruptions. Very rarely, in 0.02-0.05% of
cases, neuromuscular irritability and cardiovascular collapse associated with
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coma may occur. Late reactions (usually within 24 h) include fever,
photophobia, lacrimation, palpebral oedema, abdominal distension and con
stipation. Cutaneous hyperaesthesias of the soles and palms may begin within
the first 24h after injection and may persist for a week or longer. The affected
skin may desquamate. Renal damage is the most common delayed reaction
noted several days after injection. Both the proximal tubules and the
glomeruli can be affected and a self-limited, mild proteinuria is extremely
common and generally not an indication for stopping therapy82.

Preliminary reports of suramin therapy in patients with ARC and AIDS
have been recently published. In one study, ten patients received a total dose
of 6.2g over 5 weeks. All patients were HTLV-IIIjLAV antibody seropositive
but positive viral cultures and reverse transcriptase activity were documented
in only four cases. Viral replication was diminished in all four of these
patients during the course of treatment and was actually undetectable in
three. However, I week following discontinuation of treatment, viral growth
resumed in all cases. Viral cultures in three patients who had been culture
negative at the start of therapy remained negative at the conclusion of
treatment. There was no significant improvement in either the patients'
clinical status or immunological parameters including total WBC, total
lymphocytes, T4/T8 ratio or delayed hypersensitivity skin tests to a routine
panel of antigens84.

A second study was conducted in Rwanda; five patients with a clinical
diagnosis of ARC were treated with 20 mgj kg of suramin intravenously every
5 days for 35 days. HTLV-IIIjLAV antibody status was not documented, nor
were viral cultures or reverse transcriptase activity measured. Quantification
of T-cell subsets and delayed hypersensitivity skin tests were followed as
parameters of immunologic competence. Objective clinical improvement was
detected after the first dose - indicated by disappearance of lymphadenopathy
arthralgias and diarrhoea. Further improvement in opportunistic infections
was also claimed in one patient with pulmonary tuberculosis, and another
with undocumented, presumptive pneumocystis pneumonia and nephrotic
syndrome. Restoration of immune competence was claimed, in that three
previously anergic patients mounted delayed hypersensitivity skin reactions
to PPD and PHA after treatment, and T4jT8lymphocyte ratios rose in four
treated patients. In this non-randomized uncontrolled test of suramin in
ARC, a positive antiviral effect was suggested85 .

A third group at the Goethe University in West Germany treated eight
patients with ARC or AIDS. A total dose of 6.2g was administered over 6
weeks by a maintenance dose of I ~ every 2-3 weeks, in order to maintain a
serum suramin: level of 100 ,ugj ml8 . These investigators found no clinical or
immunological improvement over a 7-month follow-up, and indeed two
patients actually deteriorated in a manner typical of ARC. Recent clinical
data suggested that a trough serum concentration of less than 100 ,ugj ml
allowed viral reactivation. Current trials are directed towards long-term
maintenance treatment in order to maintain therapeutic drug levels. In
addition, Kaposi's sarcoma and lymphoma in an AIDS patient showed an
objective response to suramin87. Trials must also be extended to neoplasias in
these patients.
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Antimoniotungstate (HPA-23)

HPA-23, a mineral condensed polyanion of ammonium 5-tungsto-2-anti
moniate, is a competitive inhibitor of murine and human reverse
transcriptase88

,89. The drug is active in vivo against a wide variety of DNA and
RNA viruses and has been used in humans in the treatment of scrapie90

• It is
active against retroviruses in vitro9l

•

To date there has been limited clinical experience with this drug. A single
published report from Paris presents the results of intravenous infusion of
HPA-23 in four AIDS patients. Although no detailed pharmacokinetics were
performed, in one patient the serum half-life was less than 20min. Patients
received two courses of 200 mg/ day for 15 days each. All four patients
completed treatment. Viral replication and reverse transcriptase activity were
measured prior to, during, and after treatment. HPA-23 was shown to inhibit
both enzyme activity and viral reproduction - anti-HTLV-III/LAV anti
bodies persisted throughout treatment, and viral activity increased when
treatment was discontinued. HPA-23 had no significant effect on either total
T41ymphocyte counts or on the T4/T8 ratio.

The primary toxicity of the drug was significant thrombocytopenia, to
platelet counts of less than 50000. This was a reversible side-effect, with
platelets rising to pretreatment levels 21-45 days after discontinuation of the
drug. Mild elevations of hepatic transaminases were also noted. There was no

I .. 92rena tOXiCity .
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COMPOUND S

Figure U.S Structure of azidothymidine or compound S

Other antivirals

Several other new antiviral compounds have been identified, although little
preclinical or clinical data has been published93

.

Compound S, or azidothymidine, is a thymidine analogue (Figure 11.5)
which is converted by a cellular kinase enzyme to a competitive inhibitor of
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reverse transcriptase. In vitro, at concentrations of 5-10 JLmol/ L it has been
shown to inhibit HTLV-III / LAV replication without affecting normal
uninfected cells. Adequate serum drug levels can be obtained following oral
administration, and the drug crosses the blood-brain barrier achieving
concentrations of 20-25% those seen in the circulation94

-
96

• Phase I studies
have recently begun.

Ansamycin is a derivative of rifamycin - a drug active against human
mycobacteria. Ansamycin is believed to inhibit reverse transcriptase. It has
shown inhibitory effect on the replication and infectivity of HTLV-III/LAV
in vitro. The drug has been used extensively in the treatment of
Mycobacterium avium-intracellulare, a common opportunistic infection in
AIDS patients, but has not been studied specifically as a treatment against
retroviral infection97

•

Based on different mechanisms of action, combinations of antiviral drugs
may be synergistic, as in vitro studies with interferon and reverse transcriptase
inhibitors may indicate. Interferon inhibits replication of several animal
retroviruses both in vivo and in vitro98

,99. A suppressive effect in vivo has been
shown for recombinant a-interferon-A against HTLV-III/LAV. Some
inhibition was seen at doses as low as 4units / ml and rose in a direct dose
response relationship. Doses between 256 and 1024units/ml achieved
complete inhibition of viral replication100. The addition of foscarnet to low
non-inhibitory doses of interferon resulted in a synergistic increase in antiviral
activity100. In addition, early in vitro data suggest possible synergy between
compound S and suramin. In any of these attempts clearing of disease
manifestations is only the first objective; the viral reservoirs in the eNS and
elsewhere must also be considered as an important therapeutic aspect.

IMMUNE MODULATION

Even with the advent of adequate antiviral therapy, strategies need to be
developed to correct the underlying immune defect. Immune modulating
agents have recently gained wide use in patients with malignancy and
congenital immunodeficiencies, and provide a treatment approach to patients
with AIDS. To date results have not been promising. Immunologic end
points have been difficult to define, and the clinical significance, in terms of
survival and tumour response, of the immunologic endpoints of such trials
are difficult to interpret. While some changes in immune function, such as
improved NK activity or increased sensitivity to skin antigens, can be induced
with immune modifiers, these usually do not correlate with clinical benefit.
Immune modifiers so far used fall in three categories:

(1) Biologic, utilizing factors normally produced by the body's own
immune system (most commonly lymphokines),

(2) Pharmacologic, which include drugs developed in the laboratory
capable of modifying immunity, and

(3) Adoptive, which imply passive transfer of immunity.
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Table 11.11 Immune modifiers

Number
Group Drug ofpatients Results

Biologic modifiers TP5 32 t MLR, mitogen-
induced IL-2
production,
no change T4/T8

Thymopentin 10 no response

Thymostimulin 15 ongoing

IL-2 12 no change NK
or mitogen
response

IL-2 5 no change NK
or mitogen
response

Imreg-l 33 AIDS/ t PHA,PWM
ARC response, IL-2 production

Pharmacologic Isoprinosine 12 AIDS no significant
modifiers 24 ARC change

Isoprinosine 6 AIDS 1 mitogen response only
4ARC

Azimexon 16ARC t lymphocyte count,
12 AIDS T4/T8 + skin tests in

ARC only

CL246738 20 AIDS ongoing

Adoptive Thymic transplant 14 AIDS 1 lymphocyte counts
modification transient

Bone marrow transplant 1. no improvement in
immunity

Bone marrow transplant t OKT4, NK activitity

All these strategies are designed to eventually induce lymphocyte prolifer
ation and 'activation' (Table 11.11)101.

Biologic modifiers include thymic hormones, Imreg-l, interferons and
interleukins.

Thymic hormones are currently being evaluated in Phase II II studies.
Paradoxically some have found high levels of thymic hormone activity (a-l
thymosin) in patients with AIDS I02

, perhaps due to loss of feed-back
inhibition related to T-cell depletion. On the other hand some have found low
levels of thymosine103. Thymic hormones induce the differentiation of thymic
dependent T-cell precursors lO4

• Small studies with Thymosin fraction 5 (TP5),
a mixture of 30 different peptides, and thymopentin, a five amino acid
synthetic peptide, have been reported. In a series of 32 homosexuals and
haemophiliacs with abnormal T4/T8 ratios treated with TP5, 60% of patients
had improvement in lymphocyte proliferative responses and increased IL-2
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production. T4/T8 ratios were not normalized 105. A small group of ten
patients with AIDS and KS treated with thymopentin, however, did not
exhibit any clinical or immunological improvement lO6. Currently, studies are
ongoing with thymostimulin (TP1), a mixture of bovine thymus peptides,
both in patients with AIDS and ARC.

Imreg-l is a low molecular weight immunomodulator isolated from normal
human leukocytes. The exact mechanism of action is uncertain, however. In
vitro it can enhance production of IL-2 and migratory inhibitory factor
(MIF) by T4 cells. Imreg-l has been administered to 33 AIDS/ ARC patients
with improvement in immune parameters in 64% of subjects, as measured by
PHA and PWM-induced proliferative responses, as well as PHA-induced
IL-2 production. Peak effects were seen 1-2 weeks after treatment and
declined to baseline by 3--4 weeks107.

Interferons have also been used extensively, mainly in treatment of
Kaposi's sarcoma. Response rates are variable as outlined below. Several
studies have concurrently measured various immunological parameters in
treated patients, and although some immune improvement was seen, this did
not ..:orrelate with clinical responses lOl.108

•

Interleukin-2 (IL-2) is a glycoprotein produced by T-cells under conditions
of antigenic or mitogenic stimulation which can induce proliferation and
activation of T-cells. It is receiving wide attention in the treatment of
malignancy. Recombinant technology has made large quantities of IL-2
available for testing. Several small studies have been reported in patients with
AIDS and others are ongoing. 17 reported patients so far treated with IL-2
did not demonstrate any increases in NK activity or mito¥en response.
Treatment is associated with significant systemic side-effects109- II.

Pharmacologic immune modifiers consist of a variety of drugs, including
isoprinosine, Azimexon, ciamexone, and CL 246738. Isoprinosine, an inosine
derivative, has been reported to restore in vitro impaired T-helper cell
function from patients with ARC. Clinical trials, however, have not reflected
this. In a recent study, 12 patients with AIDS and 24 with ARC were treated
with isoprinosine. No immune reconstitution was seen in any patient as
measured by lymphocyte numbers and blastogenic response to mitogens ll2

. In
another study of four ARC and six AIDS gatients some increased mitogenic
response was seen in ARC patients onlyl 3. Current interest with the drug
focusses on the recent report of antiviral activity at low doses by inhibition of
reverse transcriptase114

• Azimexon, a 2-cyan-aziridinyl compound, has been
reported to cause improvement in symptomatology in 16 ARC patients, but
had no effects on 12 AIDS patients treated. In treated ARC patients, absolute
lymphocyte counts, PHA mitogenic response and mean number of positive
skin tests were all increased to statistically significant levels. Drug-related
haemolytic anaemia, however, limited its long-term use115

• Ciamexone, a
derivative of Azimexon, has comparable immune modulating properties in
vitro, but is less toxic and is now entering clinical studies. Assays of cell-free
supernatants from cultures of normal lymphocytes preincubated with
Azimexon and then PHA, suggest that the immune augmentation is
associated with increased IL-2 production l16.

CL 246738 is an acridine derivative which intercalates in leukocyte DNA

245



IMMUNOLOGYOFMALIGNANTDISEASES

and subsequently lymphokine release. A Phase I study is ongoing in AIDS
patients 117.

Adoptive immune therapeutic approaches, such as thymic transplantation
utilizing thymic tissue from infants undergoing cardiac surgery, have been
employed in a small number of patients. Thymic tissue is cultured for 3 weeks
to provide lymphocyte-free epithelial cells. These cells are then injected either
intraperitoneally or intrahepatically; some transient improvements were seen
in 14 patients with AIDS treated in this way as measured by absolute
increases in lymphocyte numbers 118. Bone marrow transplantation is also
being investigated, either alone ll9

,I2o or more recently with antiviral drug
pretreatmene<1. In the small number of patients treated so far no long-term
benefit is seen.

In summary, results of immune modulating studies so far reported have
been minor and transient, not surprising in view of the fact that patients so far
treated had persistent HTLV-III/LAV infection. Clearly efforts to improve
immune function will not be effective in the presence of active virus. Further
studies will employ a combination of antivirals and immune stimulants.

AIDS VACCINE

Other prospects for controlling the AIDS epidemic involve prevention and
prophylaxis. One obvious tactic is the development of a vaccine against
HTLV-III/LAV. In the past, antiviral vaccines have used live attenuated
virus, or killed virus (either whole or split). New cloning techniques, ability to
synthesize polypeptides in vitro and potential for gene insertion in virus
vectors, provide opportunities for large scale production of a highly
immunogenic vaccine. Recent work has shown the presence of neutralizing
antibodies to HTLV-III/LAV envelope anti¥.ens in patients who are positive
on both ELISA and Western-blot analyses l2

,123,

P41 is the antigen most likely related to non-protective antibody
production. In order to be effective vaccine components, viral antigens should
be highly conserved as well as immunogenic. Because of the antigenic drift
postulated in HTLV-III / LAV, there appears to be a variability in about 20%
of the envelope proteins when African, American and Asian virus isolates are

d 124125 Th' , . h' , 1 b 1compare ' . 1S antigemc eterogene1ty presents a potentia 0 stac e to
vaccine development. Attempts to avoid the problem of envelope protein
variability have led some investigators to concentrate on carbohydrate
moieties of the glycoproteins 126

, and others to pursue recombinant DNA
techniques to purify known immunogenic antigens.

Once the appropriate antigens are identified, they must be purified and
produced in large quantity. Mass in vitro culture of live active virus seems
risky and inefficient. Genetic engineerin!j methods have already led to in
vitro production of several viral proteins 27,128. Another technique involves
passive vaccination with anti-idiotype antibodies directed against specific
envelope proteins - rather than inoculation directly with viral antigens. This
approach also circumvents the issue of potential injection of immuno-
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suppressive agents, and the associated risk of disease when whole viruses or
. . I d l26ViruS partlc e are use .
Before human trials can begin, animal immunization to determine safety

and efficacy should be undertaken. Rhesus monkeys can be infected with
HTLV-IIII LAV; but their response to infection is highly variable and not
predictable. The chimpanzee is probably the best animal model for testing
vaccines, but unfortunately the chimpanzee is a protected, rare species, does
not breed in captivity, is very costly and is in short supply for medical
research129.130.

After animal trials are completed virus-negative human recipients must be
tested in a preliminary fashion to determine safety and feasibility. Finally
large-scale randomized placebo-controlled clinical trials with prolonged
follow-up must be conducted prior to widespread adoption of the vaccine for
prophylaxis.

AIDS-RELATED NEOPLASIA

Kaposi's sarcoma (KS)

The initial description of this neo~lasm was first published in 1872 by Moricz
Kaposi, a Hungarian physician I I. The tumour was reported as a chronic,
cutaneous pigmented haemangio sarcoma. The epidemiology was delineated
by De Amicis, to highlight the unusual predisposition of Italian and Eastern
European men of Jewish origin132

• This is now known as the classical form of
Kaposi's sarcoma. The disease has since been also described in an endemic
form in equatorial Africa133 referred to as African KS. Since 1981, there has
been a sharp increase in the incidence of Kaposi's sarcoma in well defined risk
groups in association with AIDS 134. This form of the disease is now termed
epidemic Kaposi's sarcoma (EKS) and occurs in up to 30% of patients with
AIDSj' predominantly among homosexual men and not intravenous i.v. drug
users1 5. The majority of patients with EKS are antibody-positiveI 36. Of
interest is the high incidence of seropositivity in the atypical ag~ressive

African form of the disease also implicating the virus in this variant 37. The
clinical features of patients with EKS are reminiscent of other KS patients in
the setting of immunosuppression, whether due to specific underlying
disorders such as lymphoreticular neoplasms138-140 or due to iatrogenic causes
such as those occurring in renal transplant patients14

1-1
46. This underscores

the 'opportunistic' nature of EKS and its relationship to underlying immune
deficiency. Epidemic Kaposi's sarcoma, in contrast to the classical variety, is
often aggressive in behaviour with multiple cutaneous, mucosal and often
visceral lesions at presentation135. Up to one-third of the patients have
systemic symptoms of fever and weight lossl47. Of note, is that despite the
disseminated nature of the disease and significant morbidity, mortality in
these patients is related mainly to opportunistic infection. In fact, patients
with EKS who have never developed an opportunistic infection have a
predicted 80% 2-year survival compared to less than 20% survival in those
who have had an opportunistic infection at some time during the course of
their illnessI48.149. Experience in other forms of KS has served as background
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for the evolution of treatment approaches. However, it remains unclear how
applicable classical and African studies are to the epidemic variety,
particularly on the short- and long-range effects of chemotherapy on a disease
already associated with immune suppression.

The systemic nature of the disease appeared to require primarily systemic
approaches, although a role for radiotherapy still exists in selected cases150. In
an attempt to standardize responses to therapeutic trials as well as provide
prognostic information, a staging system was recently proposed which takes
into account the extent of disease as well as the presence or absence of

• 147systemIc symptoms .
Multiple therapeutic trials have been reported in the treatment of EKS.

Preliminary observations led to the formulation of therapeutic studies using
ABV (doxorubicin, bleomycin and vinblastine), ABV + AOV (actinomycin
0, OTIC and vincristine) for patients with visceral involvement and systemic
symptoms I51

,152, and VP16 (etoposide) only for patients with less advanced
disease153

• Results are summarized in Table 11.12. All regimens had
considerable antitumour activity but the median duration of effect did not
exceed 1 year. There was no reversal of immune depression. Because of the
significant toxicity seen with combination chemotherapy, further trials have
focussed on single or double a~ent therapy, with vinblastine I54, vincris
tine I55

,156, vinblastine/bleomycin1 ,and demethoxydaunorubicin l58
, all with

some antitumour activity (Table 11.12). Studies are ongoing with ICRF-187,
an intravenous form of its insoluble enantiomer ICRF-159, and vinblastine
infusions.

Table 11.12 Epidemic Kaposi's sarcoma treatment results

Regimen

VPI6(NYU)
ABV(NYU)
ABV(UCSF)
ABV/ ADV (NCI)
Vinblastine/bleomycin (NYU)
Vinblastine (UCSF)
Vincristine

Demethoxydaunorubicin (DMDR) (NYU)
Bleomycin (NYU)
Dapsone
Isotretinoin
IFN LrA (MSK)
IFN rA2 (UCSF)
IFN Lybl (NCI)
IFN Lybl (MDA)
IFNr Gamma (NYU)
VPI6 +IFN A2 (sequential) (NYU)
VPI6 + IFN A2 (concurrent) (NYU)
ICRF 159 (UCSF)
ICRF 187 (NYU)

Response/1010/(%)

1? CR + 19 PR/41 (76)
7 CR + 19 PR/31 (84)
I CR + 6 PR/ 9 (78)
3 CR + 9 PR/ 14 (86)
OCR + 24 PR/ 31 (62)
I CR + 9 PR/38 (27)
oCR + 4 PR/ 5 (80)
OCR + 11 PR/ 18 (61)
OCR+ 2PR/15(13)
oCR + 7 PR/ 9 (78)

1/ 1,0/9
0/6

3 CR + 2 PR/ 13 (38)
I CR + 7 PR/20 (40)
oCR + 2 PR/ 10 (20)
4 CR + 4 PR/ 12 (66)
OCR+ I PR/18( 5)
oCR + I PRJ 12 ( 8)
OCR+ I PRfl4( 7)
oCR + I PR/23 ( 4)
Ongoing

Reference

151
153
165
152
156
154
155
156
158
157
166,167
168
159
160
161
162
169
164
164
170

CR = complete remission; PR = partial remission.
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Another line of investigation has been the evaluation of interferons,
potentially attractive because of in vitro antiviral, antineoplastic and immune
modulating properties. Results of clinical studies are also summarized in
Table 11.12. These show a wide range of response rates, perhaps influenced by
stage of disease and immune status of the patient. In addition, effects on
immune function have been inconsistent and toxicity can be significane59-163.
Combinations of cytotoxic chemotherapy with etoposide and interferon have
not been encouraging164. A relationship between responsiveness and lesser
bulk of disease has been noted by several authors both for chemotherapy and
interferons.

Current interest focusses on the use of the antiviral drugs, even though the
relationship of EKS to the virus is uncertain; the objective is reversal of the
immune suppression which may lead to tumour response. Of note, however,
is that no patients treated with antiviral agents have shown immune recon
stitution to date, and studies of these agents, some of which included patients
with Kaposi's sarcoma lesions, have not reported responses. It may be that
combinations of antivirals, immune modulators and chemotherapy may be
needed in the treatment of Kaposi's sarcoma.

Lymphoma

Since the beginning of the AIDS epidemic, there has been an emerging
awareness of increased incidence of malignancies, other than Kaposi's
sarcoma (KS), complicating this disease.

Ziegler et al. drew attention to the occurrence of Burkitt's-like lymphomas
in homosexual men at risk for AIDS 171. In a subsequent multi-institutional
study of90 homosexual men with lymphomas, all but 15 had some features of
pre-AIDS or AIDS prior to diagnosis. Generalized lymphadenopathy was
present in 33 patients (37%), opportunistic infections, KS, or both occurred in
42 (47%). In contrast to lymphomas arising in the general population, 62%
were of high grade, 29% intermediate and 7% low grade. All except two had
extranodal lymphomas, most commonly involving bone marrow, central
nervous system, bowel and mucocutaneous sites. Phenotypically all were of
B-cell origin172

• The implication of HTLV-IIIJ LAV in the aetiology of AIDS,
and the availability of antibody testing, has enabled further definition of these
lymphomas. Levine et al. 173 recently reported on 27 homosexual men with
lymphoma; 22 (81 %) were of high grade and five (19%) of low grade disease.
HTLV-IIIJLAV antibody was present in 13 (87%) of 15 with high grade
lymphoma and in two (40%) of five with low grade disease. In contrast only
one (9%) of II control heterosexuals with high grade lymphoma and 17 (55%)
of 31 asymptomatic homosexual men were HTLV-IIIJLAV antibod~

positive. 85% of patients presented with extranodal disease. Ioachim et al. 4

reported on 21 cases of lymphoma in men at high risk for AIDS, again
emphasizing the B-cell origin, high grade nature and extranodal origin of
these tumours. Of interest was the inclusion of three patients with Hodgkin's
disease, all of whom had reversed T4JT8 ratios; in the one patient tested,
HTLV-III JLAV antibody was positiveJ/4. Other investigators have also noted
an increased incidence of Hodgkin's lymphoma in patients with AIDS 152,175
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indicating a possible association with HTLV-IIIjLAV infection.
In all reported series the HTLV-IIIjLAV associated lymphomas have been

aggressive in behaviour. Response rates with various combination chemo
therapy andj or radiation range from 30 to 50%. Relapse rates are high with

d· . 1 . f 5 8 h 172 173 M l' d b'd"me Ian survlva rangmg rom to mont s . . orta lty an mor 1 lty IS
correlated with other manifestations of HTLV-IIIjLAV infection, in patients
with prior features of AIDS (KS, 01 or both), or (LAS) mortality and
morbidity with 91 % and 79% respectively. In patients with no other features
of AIDS, mortality and morbidity was 42%172.

In face of the clear association between lymphomas and HTLV-IIIjLAV
infection, the Centers for Disease Control have recently amended the case
definition of AIDS to include patients with non-Hodgkin's lymphoma of high
grade (pathologic type diffuse, undifferentiated) and of B-cell or unknown
immunologic phenotype in the setting of positive serology or viral culture for
HTLV-IIIjLAV176

•

Several hypotheses have been advanced to explain the association of
immune deficiency and neoplasia. The original 'immune surveillance'
postulate of Burnet, attributed to cell-mediated immunity the role of
constantly destroying the emergence of neoplasms by early recognition of
neoplastic cells as alien177. Organ transplantation has highlighted the
association of certain malignancies with subsequent iatrogenic immune
suppression. The incidence of non-Hodgkin's lymphomas rises dramatically
in the setting of immune suppression, constituting 26% of all tumours arising
in renal transplant recipients and 71 % in cardiac transplants178.

The link between lymphomas and immune depression has also focussed on
a possible viral aetiology of these tumours, in particular Epstein-Barr virus
(EBV). As previously suggested by Klein179, Burkitt's-like lymphoma may
develop from EBV infection that induces polyclonal B-cell division and
defective differentiation. This could result in the emergence of a single clone,
with cytogenetic changes that activai.,;,s a C-oncogene. This hypothesis is
strengthened by the report of two homosexual patients with Burkitt's-like
lymphoma: both had genome translocations, one at t (8,14) and the other at t
(8,22), both had high EBV titres l8o. Of interest is that the c myc oncogene has
been localized at breakpoint for the t (8,14) translocation181.

Histopathologic studies in lymph nodes in patients with LAS show that the
risk of developing malignancy correlated with the pattern of follicular
involution with small hypocellular germ centres and paracentral h~p'er

plasia182
• This pattern is similar to that seen with viral lymphadenitis 8 .184,

further supporting the viral hypothesis.

Other malignancies

There has been a definite increase in the incidence of squamous cell
carcinoma of the oral cavity185 and anorectum186.187 since 1980-81 in
homosexual males. The incidence of these tumours may relate to recurrent
local trauma or activation of viruses such as papilloma virus. Further
information as to the incidence, treatment, and outcome of these
malignancies is lacking. A recent report of two homosexual males with
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embryonal cell carcinoma of the testis occurring in the setting of generalized
lymphadenopathy and reversed T4JT8 ratios, may further extend the
spectrum of cancer complicating AIDS 188

•

HTLV-IIIJLAV infection is clearly associated with an increased incidence
of malignancy among risk groups. Whether this relates to the immune
deficiency induced by the virus, or activation of other endogenous or
exogenous viruses, is still unclear but is likely to be a combination of both
factors and is the subject of intense investigation. The malignancies associated
with AIDS are high grade in histology and aggressive in behaviour. There is
no standard therapeutic approach. Chemotherapeutic approaches have been
as disappointing in this setting as in the treatment of neoplasias arising in
other immunodeficient states. Future attempts at treatment may incorporate
antivirals and immune modulators in addition to the more conventional
approaches. The possible occurrence of preneoplastic syndromes has also
been observed. Lymphoid interstitial pneumonia, in patients with positive
HTLV-IIIJ LAV antibody and abormal T4JT8 ratios, responsive to treatment
with steroids and cyclophosphamide, may represent such a syndrome189

• In
addition, clinical manifestations of B-cell hyperplasia, characterized by
massive splenomegaly, pancytopenia and fever, many precede the onset of
lymphoma in some patients with HTLV-IIIJLAV infection190.

OPPORTUNISTIC INFECTION

As well as trials employing antiviral and immunomodulating agents in the
treatment of AIDS, several new drugs are being tested in the treatment of
some of the infection's complications (Table I I.l3).

Table 11.13 New drugs being tested in the treatment of opportunistic infection

Infection

CMV

Cryptosporidiosis

M. avium

PCP

Drug

DHPG
DFMO

oy-IFN

sulphas maintenance vs. no maintenance

DFMO second line

Results

14/18 improved

I complete response/9

ongoing

ongoing

Two agents are currently being evaluated in cytomegalovirus infection.
Phosphonoformate has received attention in Europe; in the United States
dihydrophenylguanine (DHPG), an acyclic guanine analogue, is currently in
early Phase II studies. Results of these studies have been promising; however,
they are not placebo-controlled, positive culture sites do not correlate with
sites of symptoms, and viral culture negativity may not correlate with clinical
response. DHPG is well tolerated, but cessation of treatment leads to rela~se

in the majority of patients, showing that maintenance therapy is indicated 91.

Difluoromethyl ornithine (DFMO), an ornithine analogue that inhibts
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enzymatic transformation of ornithine to putrescine, is currently being
evaluated in the treatment of cryptosporidiosis, a protozoal infection causing
chronic diarrhoea in AIDS. In a recent report one of nine patients treated
with DFMO achieved a long lasting complete response, as measured by
disappearance of the organism from stool and resolution of clinical
symptoms192

.

The recognition that up to 40% of patients will develop a second episode of
pneumocystis pneumonia has prompted evaluation of maintenance treat
ment. Controlled, double-blind studies are in progress comparing the efficacy
of Bactrim and Fansidar vs. placebo 193. Second line therapy with DFMO
after Bactrim failure is also being investigated 194.

y-IFN is currently being evaluated in Mycobacterium avium disease
resistant to clofazamine and ansamycin. In vitro studies suggest that
activation of NK cells by interferon renders them resistant to infection.

CONCLUSION

Over the past year we have moved rapidly into therapeutic studies with
specific antiviral agents. It is now clear that presently employed clinical and
immunologic endpoints may not be relevant to antiviral studies. Rather, a
virologic endpoint is of prime importance. Several questions need to be
answered for meaningful data to be obtained. Firstly, there is a need for a
standard technique to evaluate HTLV-I1IJLAV presence in various body
fluids. Secondly, there has been an emerging awareness that AIDS represents
the worst end of the spectrum of HTLV-I1IJLAV infection; future clinical
studies should perhaps address milder forms of infection (ARC, LAS). To this
purpose, an accurate, predictive, uniform staging classification needs to be
developed. One such classification has recently been proposed and requires
further testing and elucidation195

• Thirdly, because of the persistence of
retroviral infections, chronic administration of antivirals needs to be
considered. Particular attention must therefore be paid to chronic toxicity
assessment, as well as ease of administration of drug. In view of lack of data
regarding the natural history of HTLV-III/LAV viraemia and shedding,
antiviral studies should be placebo-controlled, in order to discriminate
between drug effect and the natural course of infection.

Immune modulators are ineffective by themselves in the treatment of
AIDS, and should be given in combination with active antiviral agents.
Immunologic endpoints need to be specifically developed for such studies,
and if possible correlated with clinical responses. Again, patients with milder
forms of the disease may have a better chance of response. Anti-HTLV
IIIJLAV vaccines, while still in the development phases, potentially provide
the best preventive approach to AIDS. Studies are continuing in the
treatment of the complications of AIDS - the malignancies and opportunistic
infections. While addressing important specific questions, it is clear that
correction of the underlying immune disorder is critical in the treatment of
AIDS.
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