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Cancer Treatment and Research 

Foreword 

Where do you begin to look for a recent, authoritative article on the 
diagnosis or management of a particular malignancy? The few general onco
logy textbooks are generally out of date. Single papers in specialized journals 
are informative but seldom comprehensive; these are more often prelimi
nary reports on a very limited number of patients. Certain general journals 
frequently publish good indepth reviews of cancer topics, and published 
symposium lectures are often the best overviews available. Unfortunately, 
these reviews and supplements appear sporadically, and the reader can 
never be sure when a topic of special interest will be covered. 

Cancer Treatment and Research is a series of authoritative volumes 
which aim to meet this need. It is an attempt to establish a critical mass of 
oncology literature covering virtually all oncology topics, revised frequently 
to keep the coverage up to date, easily available on a single library shelf or 
by a single personal subscription. 

We have approached the problem in the following fashion. First, by divid
ing the oncology literature into specific subdivisions such as lung cancer, 
genitourinary cancer, pediatric oncology, etc. Second, by asking eminent 
authorities in each of these areas to edit a volume on the specific topic on an 
annual or biannual basis. Each topic and tumor type is covered in a volume 
appearing frequently and predictably, discussing current diagnosis, staging, 
markers, all forms of treatment modalities, basic biology, and more. 

In Cancer Treatment and Research, we have an outstanding group of 
editors, each having made a major commitment to bring to this new series 
the very best literature in his or her field. Martinus Nijhoff Publishers has 
made an equally major commitment to the rapid publication of high quality 
books, and world-wide distribution. 

Where can you go to find quickly a recent authoritative article on any 
major oncology problem? We hope that Cancer Treatment and Research 
provides an answer. 

WILLIAM L. McGUIRE 
Series Editor 



Preface 

Over the last several years, the field of tumor immunology has been 
undergoing considerable evolution. For a period of 10 to 15 years, since the 
demonstration of tumor-associated transplantation antigens on some rodent 
tumors, experimentation and discussions in tumor immunology centered 
around the distribution of such antigens in various types of tumors, partic
ularly their possible expression in human tumors, and the role in resistance 
against tumor growth of immune T cells specifically directed against these 
tumor-associated antigens. The failure to demonstrate tumor-associated 
transplantation antigens on most spontaneous tumors of aged mice or rats, 
and the considerable difficulties in documenting the existence of such antig
ens on human tumors or the presence of immune T cells with reactivity 
against them, led to much pessimism and overall skepticism about the 
importance of tumor immunology. We are now in a period of reassessment, 
in which the earlier dogma is being critically questioned and novel or alter
native effector mechanisms are being considered for their involvement in 
host resistance against tumor growth. There has also been a considerable 
shift from the predominant focus of tumor immunology studies on trans
plantable, local tumors to the biology and resistance mechanisms associated 
with tumor metastases. This is a particularly important and welcome redi
rection, since control of metastasis is the major clinical challenge that may 
be met by immunologic approaches. 

The present volume is designed to reflect the changes in direction in 
tumor immunology and to provide some indications of the promising new 
approaches in this field of research, particularly in regard to the potential for 
therapy of cancer. As reflected by the title, a balance has been sought 
between the extensive basic information in experimental animal systems 
and the clinical applications of such information and insights. 

The immune surveillance hypothesis of Burnet, Thomas and others has 
been a dominant driving force for much of the activity in this field for the 
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past 20 years. The continuing controversy about it has closely reflected the 
problems in the discipline itself. It is therefore quite appropriate to include 
an extensive analysis of the current status of this hypothesis by Stutman, 
who has been a major contributor to the experimental evaluation of the 
major predictions of the hypothesis. 

As a reflection of the recent awareness of the heterogeneity of potentially 
important effector mechanisms, a chapter has been included on macro
phages in resistance against tumors (Fogler and Fidler), as well as a chapter 
by Baldwin on the status of information on specific antitumor immunity. 
Even this last area has been considerably revitalized by the demonstrated 
ability to propagate antitumor T effector cells in culture in the presence of 
interleukin 2 and the rapid progress in this area is summarized by Vose and 
Howell. 

The advent of monoclonal antibody technology has found almost imme
diate application in tumor immunology. The nature of tumor-associated 
antigens is being critically reexamined and dissected in much finer detail 
than was previously possible by the earlier technology. The chapter by 
Lloyd summarizes the recent progress in the characterization of human 
tumor-associated antigens by a variety of monoclonal antibodies. 

One of the major practical applications of tumor immunology is the mon
itoring of the tumor-bearing host. There are emerging indications that spe
cific or general alterations in immunologic function may be useful for the 
diagnosis of cancer, for the assessment of prognosis of tumor-bearing indiv
iduals, and for monitoring of therapy. In addition, documentation ofimmu
nologic deficits in tumor-bearing individuals would provide the rational 
basis for therapeutic attempts to overcome these deficiencies. The chapter 
on immunocompetence in cancer patients, from a group with much exper
tise and firsthand experience (Karavodin and Golub) provides a good over
view of the status and potential in this area. 

A final and major section of the volume is devoted to the potential appli
cations of immunologic approaches to the therapy of cancer. In recognition 
of the likely importance of nonimmunologic host factors as well as immu
nologic effector mechanisms in defense against tumors, and the frequent 
findings that agents modulating immune reactivity also affect other host 
responses, biological response modification is a term which is rapidly 
replacing immunotherapy. Smalley and his colleagues summarize the cur
rent status of the National Cancer Institute's program on biological response 
modifiers and the prospects of this general area for therapy of cancer. One 
of the major, recent approaches in this area, the treatment of established 
tumors by adoptive transfer of immune T cells, is summarized by Green
berg et al. 

This volume should provide the reader with extensive, recent information 
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on selected important advances in tumor immunology. The overwhelming 
number of publications in this area has been well assimilated and this over
view should be of value to the non-immunologist with interest in oncology, 
as well as to tumor immunologists. 

Ronald B. HERBER MAN, M.D. 
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1. The Immunological Surveillance Hypothesis 

OSIAS STUTMAN 

1. INTRODUCTION 

Three peculiar features have developed in recent years regarding the con
cept ofimmunological surveillance (IS). Firstly, the interest in the subject by 
bona fide immunologists who in the past only had marginal attachment to 

tumor immunology [1-7], in one case producing actual experimental 
work [2, 3] and in another [7] by involvement in natural killer (NK) cell 
research. Secondly, the possible' rescue' of IS [8] as a viable hypothesis by 
the recent explosion of information on natural-cell-mediated cytotoxicity 
(N-CMC), especially on NK cells and similar effector mechanisms in ani
mals and humans [9]. The third, and most important point concerning the 
actual role of the IS hypothesis in the analysis of clinical data, will be dis
cussed at the end of this Introduction. Implied in the first point are also the 
views that NK cells may be possible mediators of IS [3, 6, 7], with very little 
else that can be considered as new insights into the problem. Especially 
since the possible role of NK cells in IS was proposed some time ago by 
several tumor imm unologists [10-14 J as well as by researchers in the N K 
area [12-14]. What was aptly termed as the 'rescue' of IS by NK cells [8] 
can still be considered simply as an adjustment of this persistent theory to 
the total debacle of the concept of IS as a general phenomenon that applies 
to all forms of malignancy and to the notion of being mediated by T cells, as 
originally proposed by Burnet [15]. Both concepts, as well as the sole pre
diction of the theory (i.e. the higher incidence of tumors in immunodefi
ciency states affecting T cells) proved wrong both at the experimental as well 
as at the conceptual level [16-29]. Furthermore, the possible role of N
CMC as some form of defense against cancer was proposed almost ten years 
ago [30], when discussing the problems posed by the detection of N-CMC 
against tumors in the normal controls, during the attempts to show specific 
anti-tumor cell-mediated cytotoxicity in cancer patients [31]. In addition, 

R.B. Herberman (ed), Basic and Climcal Tumor Immunology. [SBN-I3: 978-1-4613-3875-8 
© 1983. Martinus NijhofJ Publishers, Boston. 
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'alternate pathways' mediated by non-T cells, were proposed initially to 
explain the resistance observed in some models of experimental oncogenesis 
in nude mice [21]. Also the normal or high levels of NK cells in nude mice 
were considered [13, 26, 32 - 36] as the possible explanation for the' normal' 
incidence of spontaneous or induced tumors in such a T cell deficient mod
el [18 - 29]. As a matter of fact, since the IS theory started to develop pro
blems with its putative thymus-dependency (see [21]), a series of alternative 
devises mediated by macrophages [37-41], natural antibodies [42,43], anti
body-dependent-cell mediated cytotoxicity [44] or some other 'macrophage
like' or still undefined cell-mediated mechanisms [20, 45, 46], in addition to 
NK cells, were proposed as mediators of an IS-like function against tumor 
development. On the other hand, with some murine models, the T cells 
appear to t>lay an important role, especially in the selection of progressor 
variants [47,48]. Thus, it may well be that a variety of effector mechanisms, 
including NK cells, may act as surveillance devises in different experimental 
models [29, 43], depending on the type of oncogenic stimulus [12] and prob
ably also the bias of the researcher. Most of the studies cited above in which 
some surveillance mechanism was proposed, used transplanted tumors 
(with exception of the nude mouse studies, see [20]; or some of the UV
light-induced models, see [47]) instead of actual tumor development, which 
may not be totally relevant to a true surveillance model, since it presup
poses a site selection for transplantation (usually a subcutaneous site) and 
ignores possible regional differences in putative regulatory or IS mechan
isms which may affect tumor development (i.e. tumors may actually devel
op on 'weak spots' of the defense system, see [29]). This point will be 
further discussed during our analysis of N-CMC as a possible IS mechan
ism. In summary, from the above statements, it is apparent that IS has the 
protean capacity to be mediated by a variety of alternate non-T mechan
isms, depending on the temporary waves of research and on the experimen
tal models used. It is also clear that, as proposed initially by Burnet [15], the 
only testable component of the hypothesis is the incidence and behavior of 
spontaneous and/or induced tumors in individuals with selected or com
bined deficiencies of the putative effector mechanism mediating IS [16-
22, 25 - 29]. The prediction would be either augmentation of tumor inci
dence, acceleration of tumor appearance or more aggressive behavior of the 
tumor in the deficient hosts [15, 21, 25, 29]. From our own studies, as well 
as from the available literature, we argued that neither T cell deficiencies, 
nor macrophage deficiencies [21, 26-29], nor to some extent NK deficien
cies [46, 49] seemed to affect tumor development in mice, while many of 
these deficiencies clearly affected local growth as well as metastatic spread 
of transplanted tumors [29, 49]. This point will be discussed further. 

Finally, the third feature of the recent fate of IS has been the beginning of 
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studies on the mechanisms and properties of lymphoma development in 
immunodeficient patients [50]. As I indicated in a previous review [29], the 
persuasive power of the IS theory was so strong that the tumors appearing 
in the immunodepressed patients, even if they were predominantly of a 
rather unique type of lymphoma [50], were automatically considered to be 
the natural corollary of the immunodeficiency, as predicted by the IS theo
ry, and only catalogues of their occurrence were built. In sum, as I indicated 
in a previous review, .... this paralyzing effect of the immunological surveil
lance theory in its dogmatic version on further research on these clinical 
materials is probably the single most damaging negative comment that may 
be made against the theory ... ' [29], a negative component which is certainly 
not balanced by the extensive hyperactivity that the theory has generated in 
other areas. Thus, I feel that it is extremely important that the lymphomas 
and other tumors in immunodepressed patients are finally being studied as 
unique clinical entities and interpreted by a variety of alternative hypo
theses which may pertain more to lympho-hemopoietic differentiation and 
regulation, and other important issues of tumor progression [51, 52], rather 
than as the consequence of the putative absence of the IS mechanism prev
enting tumor development [53]. 

1.1 Some definitions 
Before going into the analysis of some of the current trends in IS, espe

cially those developments in the past three years, since my last review on IS 
was written [29]; it may be pertinent to present a basic definition of IS as 
proposed in its more organized form by Burnet [15] : ' ... when aberrant cells 
with proliferative potential arise in the body, they will carry antigenic deter
minants ... When a significant amount of new antigens have developed, a 
thymus-dependent immunological response will be initiated which even
tually eliminates the aberrant cells in ... the same way as a homograft is 
destroyed ... ' [15]. The two axioms contained in this definition (i.e. the dis
tinct antigens on tumor cells and the capacity of such antigens to provoke an 
immune response ' ... based on thymus-dependent immunocytes ... ' [15]). 
have been considered in 1971 as ' ... acceptable to all...' [54]. In summary, 
regardless of the proposed mechanism, IS was a mechanism to control inci
pient tumor development. 

The main prediction of the theory, and indeed the only one that could be 
tested experimentally in both clinical and animal models, was that' ... con
ditions associated with depression of the thymus-dependent system, wheth
er genetic, induced by drugs or of other origin should increase likelihood of 
cancer... ' [53]. More specifically, the prediction of the theory that could be 
tested in the clinic and the laboratory was that in genetic or induced immu
nodepressive conditions, a facilitation of spontaneous or induced tumor 
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development was expected. It was this lack of a significant increase in gen
eral tumor incidence (if the lymphomas in immunodepressed patients are 
excluded) in most clinical and experimental models [21, 25, 29], which con
stituted the stronger, and probably the sufficient argument at that time, that 
the IS theory in its original formulation was incorrect. The axioms (i.e. 
'antigens' on the abnormal cells and some type of host response) can still be 
applied to any form of putative IS or plain' surveillance '. In the sense that 
whether the proposition is that it is mediated by macrophages, NK or any 
other type of effector cell, belonging to the' para-immunological' arsenal, in 
Woodruffs terminology [55]; the phenomenon implies the interaction of the 
abnormal cell expressing some surface structures that make it susceptible or 
resistant to the action of the host effector cells, with the putative effector 
cells, which probably recognize such surface changes in a 'specific' way, as 
is proposed for NK cells [36]. Thus, making it independent of the argu
ments concerning more conventional tumor associated transplantation an
tigens [12]. Concerning N-CMC, whether mediated by NK or other cell 
types, one comment seems relevant, which is, that for the first time there is 
an effector mechanism that may actually fulfill the properties required for 
IS, in the sense that it does not require time-consuming priming and thus 
can act rapidly; is independent of conventional tumor associated transplan
tation antigens and thus can handle non-antigenic tumors and finally, can 
handle small numbers of tumor cells in situ [29, 35, 49]. 

1.2 Tumor-host interactions 
There are at least three critical levels of interaction which may take place 

between the tumor and the' defense' mechanisms of the host: (I) The pos
sible early recognition of the malignant change in situ, and some form of 
reaction against it, hopefully eliminating the abnormal cells (i.e. the IS view, 
actually preventing tumor development); (2) The complex immunological 
responses of the host to the developing tumor, once it has attained a certain 
critical mass in situ; with all the putative effector and regulatory circuits, 
involving different types of responses, some of which appear to benefit the 
host and some which may be beneficial for the tumor proper (i.e. the 
domain of tumor immunology proper, which is the post factum specific and 
non-specific response triggered by the developing tumor) and (3) The immu
nological or para-immunological mechanism, if any, which affect metastatic 
spread of the tumor, which also includes interactions between different 
components ofthe host's anti-tumor responses, as well as se1cction of tumor 
variants [56]. By definition, the appearance of 'tumor immunity' as in (2) 
above, means that' surveillance' as in (1) above has failed. Similarly, the 
appearance of metastatic spread as in (3) above, means that in spite of the 
ongoing response as in (2) above, such response was ineffective in prevent-
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ing the progression of the tumor to the clinically dangerous metastatic 
stage [49,57]. In this review I will still use the abbreviation IS (immuno
logical surveillance) for some of the alternate mechanisms to be discussed, 
such as N-CMC, which may not be immunological in the classical sense, 
such as responses mediated by T or B cells. 

1.3 Escapes from surveillance 
The detection of immunological or para-immunological host responses 

against the tumor in certain clinical and experimental situations, usually of 
the type 2 discussed previously, prompted the theories (and experimental 
studies) on the 'escape' mechanisms from surveillance or from the ongoing 
tumor immunity (as in 1 and 2 in the previous sub-section) and on the 
'subversion' of the immune response of the host by the tumor itself 
(see [53,58-65]). The mechanisms for escape/subversion of the IS or of the 
anti-tumor responses once the tumor is established (for a detailed discussion 
of 'concomitant immunity' see ref. [57]) have been variously attributed to 
different possible mechanisms, such as: (1) immunodepression by the on
cogenic agents themselves ([ 15, 66]; see also [16, 17] and [21] for critique of 
this concept; this point will be discussed again in the section on N-CMC as 
a possible mediator of IS); (2) blocking factors produced by either the host 
and/or the tumor [58-61] and (3) more recently, by suppressor cells [62-
64]. It was recently indicated [65] that' ... the current tendency to attribute 
the absence of expected immunological reactions to suppressors is a new 
occupational hazard in the field of tumor immunology ... '. By 'suppressors' 
is meant, suppressor cells [65]. I feel that such' occupational hazard' has 
been quite endemic in the tumor immunology field, even before suppressor 
cells were discovered, and could be applied to any of the temporary waves 
of enthusiasm, which all of the proposed escape mechanisms have generated 
(suffice it to read the 'blocking factors' literature of the early seventies, see 
also [68]). I think however, that the commentary by George Klein cited 
above [65] contains one very critical point which relates to the peculiar 
psychology of studies in oncogenesis, including tumor immunology, and 
that is the 'absence of expected' part; since high expectations from the dif
ferent branches of the immune system, whether conventional or not, have 
certainly dominated this area of research. Thus, when an expected result is 
not supported by the experimental data, an escape or subversion argument 
is proposed, to explain the negative correlation. I think that this approach 
stems from the neo-darwinian notion that the body, in its internal wisdom, 
must have some sort of defense mechanism, either against incipient cancer 
(as in IS) or against the established tumor (as in tumor immunology proper). 
This notion has been a most powerful driving force in cancer-oriented 
research (see [21, 25I and [29] for further discussion of this point), and cer
tainly is also a driving force in the present studies of N-CMC. Whether as 
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an absolute theory applied to all forms of cancer [15, 54] or as a more res
tricted one related only to some forms of cancer [52, 53], such a defense 
mechanism against incipient cancer has been thought to be one of the main 
functions of the immune system. This belief has not been shaken either by 
the lack of experimental and clinical support of the IS theory nor by the 
concept that the evolutionary pressure for the development or maintenance 
of IS against tumors is probably negligible [1, 21, 25, 29]. As a matter of 
fact, it is most probable that what is measured as anti-tumor immune and 
para-immune responses, including N-CMC, may be just a functional by
product of the rather efficient immunological (and para-immunological) 
defense mechanisms against microbial, viral and parasitic invaders in mam
mals and other species [9]. To support this argument, suffice it to inspect 
the cause of death in the immunodepressed patients for organ transplanta
tion, the patients with primary or acquired immunodeficiencies and even 
the recently described 'acquired immunodeficiency syndrome', where the 
uncontrolled infections by a variety of facultative organisms, and not mal
ignancy, are the main mortality factor. Thus, at the time of the question, 
why do we have such an efficient system to reject surgical artifacts (i.e. the 
homograft reaction) exemplified by the premonition of IS [67]; such ques
tion could have been simply answered by the statement of Leslie Brent [68] 
that ' ... the homograft reaction may be regarded as the price paid for an 
efficient system of defense against bacterial and viral invasion ... '. I have 
argued in the past, that if the same experiments in immunodepression and 
tumor development which failed to strongly support the IS theory, would 
have been done with microbial, viral or parasitic infections, a very strong 
case for IS against such invaders would have been constructed [21]. Even 
the peculiar endotoxin-induced 'tumor necrosis factor' in murine serum, 
which under certain circumstances produces rather spectacular tumor 
cures [69], has recently shown a marked specificity for lysing lethal murine 
malarial parasites [70]. One important point of the malarial study, is that 
' ... other components of the immune response appear to act together with 
these soluble mediators ... ' to eliminate the parasites [70]. This last com
ment should alert us that probably there is no single mechanism which 
mediates these types of defensive responses (including the putative defenses 
against tumors). As will be seen in our discussion of N-CMC in this review, 
it may be quite probable that a similar strong case is emerging for this 
putative surveillance device. 

1.4 Scheme of this review 
In this review I will discuss two main aspects of IS: (1) A brief survey of 

the experimental and clinical studies on what can be called' conventional' 
IS (Section 2), where the effects of procedures that depress immune func-
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tions or other immunodeficiencies are used in tumor development studies 
and where the interpretation is directly related to the definition of IS as in 
Burnet [15]; these will be studies mostly performed during the past 3-4 
years, since writing my last review on IS [29]. (2) In Section 3, I will discuss 
the studies on tumor development in nude mice, which will serve as an 
introduction to Section 4, which will discuss the possible role of N-CMC, 
especially NK cells as effectors of IS, or plain surveillance if preferred. As in 
the past, I will only discuss tumor induction experimental studies, and only 
marginally the experimental studies using transplanted tumors (see [21] for 
detailed reasons). 

2. STUDIES ON CONVENTIONAL IS 

Since the writing of my last review on IS, which was completed in Sep
tember, 1979 and published in 1981 [29], a few experimental studies have 
appeared dealing with tumor development in different immunodepressed 
conditions, which will be discussed here. Almost all of these studies could 
be considered to have the original IS theory as conceptual background. The 
clinical studies will also be discussed under this heading, since in spite of 
some highly interesting divergences from the IS dogma, these studies can 
still be considered as a result of the IS conceptual framework. 

2.1 The experimental studies 
The actual number of animal studies on the effects of immunodepression 

on tumor development has been relatively low, when compared to the early 
seventies, at the peak of acceptance of IS. However, some studies deserve 
mentioning. 

2.1.1 Immunodepression and tumor development 
Several studies have used skin carcinogenesis in murine models. One stu

dy using mice and a combination of local skin application of low-penetrat
ing beta-rays followed 10 days later by topical application of 4-nitroquinol
ine, showed that the procedure caused marked immunodepression of T cell 
functions; however, there were no significant differences in the degree of 
T-cell immunodepression between the groups of mice which developed mal
ignant skin tumors versus either those that developed benign skin papillo
mas or those that did not develop any tumors [71]. The authors conclude 
that reduced T cell function was not a direct cause nor even a prerequisite 
for development of skin tumors in mice [71] . 

A second study, using UV -induced or benzo(a)pyrene skin carcinogenesis 
in mice subjected to a variety of 'immunodepressing' chronic treatments, 
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showed that although some of the treatments (such as cyclophosphamide, 
cortisone or anti-lymphocyte globulin for the UV studies, and only corti
sone for the benzo(a)pyrene studies; with methotrexate having no effect on 
both systems) produced an acceleration of tumor development, with in 
some cases, a shift of predominant tumor type from fibrosarcomas to squa
mous cell carcinomas; such effects could not be considered a function of 
immunosuppression, since none of the treatments used were actually immu
nosuppressive in the animals [72]. These authors conclude that, either the 
treatments were producing some form of subtle imbalance of immune func
tions or that the reduction in latency periods was due to some non-immu
nological reason, ranging from direct oncogenic effect of some treatments to 
other mechanisms suggestive of , co carcinogenesis' [72]. In a different study, 
it was shown that acceleration of skin carcinogenesis after topical applica
tion of benzo(a)pyrene (BP) correlated with levels of anti-BP antibodies; 
with tumors appearing sooner in the animals with the highest levels of anti
BP antibodies [73]. The authors concluded that this was an example of 
antibody stimulation of carcinogenesis [73], as was observed in other in 
vivo models [74]. However, it was also stated that 'how antibody to BP 
enhances BP tumor induction is not known', and specificity of the effect 
was not controlled in the experiments [73]. 

A third study, on the effects of anti-thymocyte (ATS) or antilymphocyte 
(ALS) serum on two-stage skin carcinogenesis in mice, also showed some 
differential effects [75]: tumor incidence went from 48 (per 30 animals at 
risk) in the controls to 62 and 88 in the ALS and A TS-treated animals, when 
the treatment was given after initiation; with no effect of ALS or ATS on 
tumor development when the treatment was given after promotion. The 
authors conclude that A TS after tumor induction increased tumor incidence 
per mouse [75]. One puzzling observation in this study, which is not dis
cussed, is that there was a disproportionate increase of regressing skin 
tumors (mostly papillomas, in all the groups) in the animals treated with 
A TS or ALS at initiation, when compared to the controls; in addition, there 
was no monitoring of the immunological effects of the treatment [75]; thus 
it is difficult to interpret these results as being truly immunological. This is 
important since in the same model of two-stage skin carcinogenesis, using 
9,lO-dimethylbenzo(a)anthracene as inducer and phorbol myristate acetate 
as promoter in the same type of Swiss mice, it was shown that age of ini
tiation is an important factor; with a significantly lower tumor incidence 
when the initiation (and promotion) is given at 68 weeks of age, than when 
initiation is given at 8 or 48 weeks [76]. This last set of results, and some
what similar lower incidence of fibrosarcomas induced by methylcholan
threne in a single stage carcinogenesis study with nude mice when the car
cinogen is given to older mice [28], would suggest that other factors, related 
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to the effects of age on target cells for induction-promotion, may be opera
tive. Concerning immunological factors, most mice at the ages tested in 
ref. [74] begin to show signs of age-dependent immunodeficiencies [28]. On 
the other hand, epithelial cells in culture derived from old murine donors 
are more susceptible to in vitro transformation after exposure to chemical 
carcinogens than cells from young donors [77]. An apparent increased resis
tance to in vivo carcinogenesis in older mice would certainly not have been 
predicted by the conventional form of IS as postulated by Burnet [15,64]; 
for further discussion of the putative effects of aging on experimental carci
nogenesis see ref. [21]) nor by some other defenders of IS in its more abso
lute forms [78]. In summary, it is apparent from the studies described above 
using skin carcinogenesis models, that a variety of' pseudo-immunological' 
interpretations have been proposed to explain the results, but that it is dif
ficult to make a strong case for truly immunological events affecting the 
observed results. 

One additional experiment using a special model of skin carcinogenesis in 
mice, is that of Outzen [79], showing that local skin papilloma development 
on carcinogen-treated skin grafts showed a bi-phasic curve for incidence, 
when applied to immunodepressed syngeneic BALB/cByJ mice, which cor
related inversely with the degree of partial immune competence as tested by 
skin allograft rejection: the higher tumor frequencies were observed in the 
animals with the intermediate levels of immunity. These results are consi
dered to be supportive of the' immunostimulation' theory of tumor devel
opment [80, 81]. This is an interesting observation which is not easy to 
evaluate, for the following reason: although some differences are observed 
between the different groups, when the results are scored as percent of 
papilloma bearing grafts per total number of mice grafted (i.e. the frequen
cies are 22 % in the normal animals, 52 % in thymectomized + 450R whole 
body irradiation and 73 % in thymectomized + 750 R + bone marrow + 
107 syngeneic spleen cells), such differences disappear in another experiment 
using thymectomized irradiated animals (dosages from 200 to 750 R + syn
geneic marrow). Furthermore when the Tx + 750 R group of both experi
ments are compared, the incidence of papillomas per grafted animal is 39 % 
in the first experiment versus 55 % in the second, which is within the ranges 
of the differences observed in the first experiment between the different 
groups. Thus, it is not easy to decide what is actually being supported by 
these experiments. To some extent they seem more confirmatory of the 
interesting experiments by Andrews [82] using a somewhat similar model, 
showing that papilloma frequency was lower and papilloma regression more 
frequent in autografts of carcinogen-painted skin, when compared to the 
non-grafted carcinogen-treated skin. This was interpreted as indicating a 
failure of surveillance to detect in situ lesions, since the surveillance me-
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chanisms required the complex inflammatory reaction associated with skin 
autografting to be effective [82]. 

The observation that anti-tumor immunity to a transplanted chemically
induced fibrosarcoma was increased, as evidenced by slower tumor growth 
and fewer spontaneous lung metastases in B-deprived mice [83], was inter
preted at that time as probably related 10 the effects of the B-cell depriva
tion on conventional anti-tumor immunity, where the antibodies were 
thought to block cell-mediated responses [83]. B-cell deprivation was pro
duced by life-long treatment with heterologous anti-mouse-mu-chain anti
bodies [83]. Later studies showed that anti-mu treatment either did not 
affect the NK-branch of N-CMC [84] or actually increased NK levels [85]. 
Thus, the transplanted tumor data was re-interpreted as being due to the 
increase in NK activity in the anti-mu-treated animals [85]. This point will 
be further discussed in subsequent sub-sections in this review. However. it 
is worth mentioning here that when a tumor development study was done 
in anti-mu-treated mice which were injected subcutaneously with 0.5 mg of 
3-methylcholanthrene, tumor incidence was reduced in the anti-mu group: 
38 % in the anti-mu versus 72 % in the controls injected with rabbit serum 
and 73 % in the untreated animals 84 days after the carcinogen [86]. Unfor
tunately, this interesting study was terminated 94 days after carcinogen 
administration, and at that time it appears that the incidence differences 
were disappearing, suggesting that only a delay in tumor appearance may be 
produced by the anti-mu treatment. Furthermore, using a different mouse 
strain and including athymic nude mice, as well as different dosages of 
methylcholanthrene, we could not detect differences in tumor incidence nor 
latency periods in anti-mu-treated animals (our unpublished results). 

Finally, one study showed that life-long immunodepression with anti
lymphocyte serum (ALS) and/or azathioprine, did not affect spontaneous 
tumor incidence in normal BALB/c mice [87]. In addition to this well 
known fact (see [21, 22, 25, 26, 29] for detailed reviews which contain the 
appropriate references), this study also showed that the treament could 
accelerate mortality and decrease latency periods when the animals were 
infected with a Friend-derived leukemia virus [87]. The authors conclude 
that ' ... immunosuppressive therapy was not innately oncogenic and the 
concept of immunological surveillance was not confirmed ... ' [87]. However, 
this statement published in 1980 contains little new information. and may 
be a good example of what Professor Merton called 'cryptomnesia' in 
science [88], which is a peculiar amnesia of known facts (in this particular 
case both by the authors as well as the editors of the journal where the paper 
was published). Anyway, the paper is confirmatory of one of the major 
arguments against the general validity of IS. 
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2.1.2 'I mmunopotentiation ' and tumor development 
A somewhat reverse approach to the previously described one, is the stu

dy on the effects of'immunopotentiators' on spontaneous or induced tumor 
development in experimental animals. These experiments stemmed from 
the use of some of the products as adjuvants in clinical protocols. The 
expected results were (again in accordance with the IS theory) reduction of 
tumor incidences in the treated animals. Unfortunately, some of the criti
ques that we made in the past to the immunodepressive studies, especially 
on the lack of concurrent immunological monitoring of the effects of the 
treatments (see [21, 25, 29]), also apply to most studies with' immunopoten
tiators'. 

Most of the studies that I consulted show what may be called negative or 
questionable results: (1) Corynebacterium parvum or BCG either enhanced 
tumor development or increased metastatic spread in a diethylhydrazine 
model of colonic tumors in rats [89, 90]; (2) BCG or vitamin A had no 
detectable effect on carcinogenesis induced by benzopyrene [91], dimethyl
hydrazine [92] or transplacental carcinogenesis with ethylnitrosourea [93] in 
extensive and detailed studies using rats, with large numbers of animals at 
risk and different protocols of drug administration; (3) Levamisole had no 
effect on tumor induction by dimethylnitrosamine in rats [94]; (4) pyran 
copolymer accelerated benzo(a)pyrene-induced skin carcinogenesis in 
mice [95]; (5) BCG administered after initiation (with dimethylbenzanthra
cene) and before promotion with croton oil of skin carcinogenesis in mice, 
although not affecting overall incidence of animals with tumors, reduced the 
mean number of papillomas per mouse [96]; (6) BCG administered 2 weeks 
before 0.5 mg of methy1cholanthrene in Swiss mice reduced frequency of 
local tumors from approximately 80 to 50 %, no effect was observed when 
BCG was given 9 weeks after carcinogen [97]; (7) Another study with 
C3H/He mice receiving the same dose of methy1cholanthrene as above, 
showed quite different results: BCG or Wax D decreased latency periods 
(and with Wax D there was also a slight decrease in tumor frequency) when 
BCG was given 8 weeks after methyicholanthrene, with no effect or en
hancement of tumor development when given concurrently or 4 weeks after 
the carcinogen; with Wax D, the protective effect was noted at 4 weeks after 
carcinogen, but not concurrently or after 8 weeks [98]; it is worth mention
ing that in a previous study on urethane-induced lung carcinogenesis in 
mice of an unknown strain, BCG and cord factor reduced tumor incidence, 
while Wax D had no detectable effect [99]; (8) Perhaps explaining part of 
the discrepancies between examples number 6 and 7, another study showed 
that the effect of BCG (as cell-wall skeleton) on local tumor development 
after exposure to 0.5 mg of dimethylbenzanthracene in mice was strain 
dependent [100], with some strains being quite susceptible to the BCG 
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retarding effect, while some others (such as C3H/He) being quite resistant to 
such effect; unfortunately, the protocol of BCG administration given one 
day before carcinogen and subsequently at 1, 3, 5, 7, 9 and 11 weeks is not 
comparable to that used in examples 6 and 7; (9) In the first paper in which 
the effects of BCG were studied methodically for its effect on tumor devel
opment using the mammary tumor model in rats after dimethylbenz(a)an
thracene administration [101], it was clear that timing was a very critical 
and totally empirical factor, and in this study, the only two detectable effects 
were: decrease tumor incidence when BCG was administered at the time of 
appearance of the first tumor, with no significant effect when BCG was 
given before or after the carcinogen at various timings [10 1]. 

The summary of these observations is that it is not easy to predict the 
results of the treatment, based on known immunological effects of the pro
ducts tested. In addition, if one takes care of noting the dates of the different 
studies cited, it will be apparent that the more positive and enthusiastic 
papers are those published during the highest excitement on the possibilities 
of immunotherapy of human cancer with BCG and similar products. These 
waves of enthusiasm appear to be important factors in biasing experimental 
design and interpretation in cancer-oriented research (see [21] for further 
discussion of this problem). 

Before ending this sub-section, I will discuss the effects of a variety 
of immunopotentiators on spontaneous tumor development in 
mice [102, 103]. Both these studies have extensive immunological monitor
ing of the effect of the treatment on a variety of immune functions as well as 
NK activities [102, 103]. In one of the studies, while BCG treatment actual
ly reduced survival to 19.5 months mean, approximately 50% of the 
untreated animals or those receiving 1evamiso1e were still alive at 24 
months of age, when the experiment was terminated [102]. Concerning 
tumor incidence, although the text indicated that it was lower in the levam
iso1e-treated group, the figure showing that data seems to contradict the 
statement, since it indicates the detection at autopsy of 11 tumors in 15 
untreated mice and 12 tumors in 9 of levamisole-treated animas [102]. It 
was not possible to determine the actual strain of the animals used in this 
experiment [102]. In a similar study using C57BLl6 mice treated with azi
mexon, retinoic acid or tuftsin, again involving extensive immunological 
monitoring; tumor incidence in 19-month old animals was 22 % in the 
untreated controls, 10% in the azimexon group, 3 % in the retinoic acid and 
no tumors in the tuftsin-group [103]. It should be stressed that the common 
feature of all three agents was to increase the age-dependent depressed 
tumoricidal capacity of peritoneal macrophages, while no detectable effect 
of any of the three regimens seemed to increase the age-related depressed 
NK activity in spleen [103]. However, both BCG and levamisole could also 
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increase the age-dependent depression of tumoricidal capacity in macro
phages [102]. Again, the interpretation of these results is not easy. 

2.l.3 Suppressor cells and tumor development 
The title clearly indicates that I will not discuss any studies on suppressor 

cells appearing after tumor transplantation or affecting growth of trans
planted tumors (see [60-64] and [104] for review of such studies). Many of 
such studies are not even relevant to biology, let alone tumor immunology, 
as I indicated in a previous review [104]. Who actually cares about the 
suppressor cells that appear in a mouse bearing a tumor which represents 
10% or more of the animals' body weight? How would one translate such 
'model' to a clinical situation? 

However, I will discuss here, some studies which attempted to determine 
the role of suppressor cells in tumor development. As with many of the 
other trends, the 'occupational hazard' represented by the epidemic of sup
pressor cells in tumor immunology [65], which unfortunately mostly belong 
to the category of experiments discussed in the previous paragraph, also 
produced studies on tumor development which are difficult to interpret. 

For example, the observation that a rather stem schedule of cyclophos
phamide administered before 0.1 mg of 3-methylcholanthrene to BALB/c 
mice (2 mg per mouse 13 days before the carcinogen and at 10 day intervals 
thereafter for the duration of the experiment) delayed the appearance of 
local fibrosarcomas and reduced tumor incidence, was interpreted as cyclo
phosphamide 'interfering with either a suppressor cell mechanism or an 
immunostimulatory mechanism' [105]. However, the authors also indicate 
that the results are 'equally consistent with a non-immunological interpre
tation ... ' related, for example, to the direct effect of the drug on the devel
oping tumors [105]. However, it is worth mentioning that the motivation 
for performing the experiment was the putative effect of cyclophosphamide 
on suppressor cells [105] . 

The UV-light-induced carciongenesis in rodents [47] is a good example of 
a tumor system which is strongly influenced by a complex set of host
mediated immunological responses. In this rather unique model, the sarco
mas induced by irradiation are highly antigenic, usually do not grow when 
transpanted to normal animals and require immunosuppression or UV
irradia tion of the host for successful growth [47]. The few progressor var
iants which grow in normal syngeneic hosts without need for further sup
pression, appeared to have lost the surface determinants recognized by T 
cells, and not by either NK cells or non-specific cytotoxic T cells [48]. In 
addition, an age-dependent decline of tumor-specific and idiotype-specific T 
cell-mediated immunity, correlates with transplantability of tumors which 
otherwise would have been rejected [106]. Thus, the case of a role for T cells 
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in this system is indeed strong [47]. In addition, suppressor T cells are also 
induced in this system, which interfere with the development of the specific 
T cell immunity [47, 63]. The common interpretation is that the suppressor 
cells are the permissible factors allowing the development and growth of the 
tumor in the original UV -irradiated host ([47], this is an excellent review 
containing all the pertinent references). The mechanism of suppressor cell 
induction by UV -light is probably through its action on antigen-presenting 
accessory cells [47, 63]. However, only one study addresses the possible role 
of all such immunological concomitants described above using transplanta
tion methods [107]. In these experiments, mice were lethally irradiated and 
repopulated with lympho-hemopoietic cells from normal or UV -irradiated 
syngeneic donors (the UV -treated animals having the putative suppressor 
cell component), these animals were subsequently grafted with large skin 
flaps of UV -irradiated light, and local tumor development followed; the 
animals receiving the cells from the UV -treated donors had increased pro
bability of tumor development [107]. In a different type of experiment, par
tially purified T cells from normal or UV -treated donors were injected 
intravenously on 4 occasions, before and after UV -irradiation of the hosts, 
and tumor development monitored; the study showed an augmentation of 
tumors and acceleration of tumor appearance in the animals receiving the 
UV-treated T cells [107]. These two experiments combined, make a rather 
strong case for the possible role of suppressor cells (T) regulating tumor 
development in this model; although one may consider the first type of 
experiment to be a variation of the experiment by Andrews [82] discussed 
previously, in the sense that the skin grafting procedure may actually trigger 
the immunological recognition or lack of it in the hosts; or the remarkable 
effect in the second experiment of the injected cells into normal hosts, 
which contradicts most information on cell transfers, which usually require 
'space' for proliferation [108]; or by the fact that such cells behaved that 
way in the midst of the UV -irradiated environment of the host and retained 
their qualities (especially the normal T cells, which actually reduced tumor 
incidence when compared to the uninjected controls, see [107]). However, 
in spite of these criticisms, these experiments make a strong case for a new 
interpretation of one of the' old' arguments in the discussions of IS, i.e. the 
immunodepressive effect of the carcinogenic agent proper [15-17, 21, 25, 
53, 54, 66]. This model would suggest that in the case of UV -light, the 
carcinogen would also act as an inducer of a suppressor cell population, 
probably T, which would enable the highly antigenic tumor to get esta
blished in its original host. 

Finally, I will briefly discuss one example from our studies with the 
mammary tumors which appear spontaneously in mice infected with the 
murine mammary tumor virus [109]. In the tumor-prone virus-infected ani-
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mals, it has been shown that the tumors appear in these animals, in spite of 
a variety of specific and non-specific host responses to viral components 
([ 109] contains the appropriate references for this point). Such a situation is 
accompanied by the development of specific suppressor T cells, which prev
ent the interaction of helper T cells with the precursors of cytotoxic T cells, 
producing as a consequence, a rather inefficient cytotoxic T cell response, 
when compared to that obtained in mice not infected with the virus [109]. 
In these studies, the correlation between the in vitro with the in vivo res
ponses was not easy, and even the putative role of the suppressor cells 
affecting tumor development could be questioned [109]. The best example 
of these problems, is the effect of adult thymectomy [109]. Adult thymec
tomy produced a total disappearance of the suppressor T cells in spleen, 
allowing an excellent in vitro cytotoxic T cell response against the tu
mor [109], however it did not affect the overall tumor incidence nor time 
for tumor appearance in these animals. which were technically devoid of 
suppressor cells [109]. If the in vivo studies on tumor development men
tioned above, showing that adult thymectomy did not affect mammary 
tumor incidence, would not have been performed, it certainly would have 
been tempting to decide that the observed effect of thymectomy on the 
suppressor cells measured in vitro, could finally explain the puzzling obser
vation made in 1964 on early thymectomy actually decreasing mammary 
tumor incidence in the virus-infected mice [110; a phenomenon that at 
some time, during the peak of interest in blocking factors, was attributed to 
thymectomy inducing a decline in blocking factor production [111]. How
ever, we found that only thymectomy at 6 days of age, but not at 30 or later 
(as done in the suppressor T cell experiments) had any effect on reducing 
overall tumor incidence [109]. Thus, I was forced to indicate that in many 
cases one could not avoid the impression' ... of forcing the in vitro data to fit 
the in vivo results .. .' [109], based on the expectancy of the investigator. As I 
have indicated in another text [46], imagine the discussion that could have 
accompanied the description of the effects of thymectomy on suppressor T 
cells measured in vitro, if the experiments on the effect of adult thymectomy 
on tumor development would not have been performed! 

However, and in spite of the proliferation of studies on suppressor cells in 
tumor bearing hosts, the actual studies on the possible regulation of the 
putative surveillance mechanisms by suppressor cells has bearty been stu
died in tumor development models. 

2.1.4 Selection, clonality, carcinogen dose and other problems 
The ideas of some form of selection of tumor variants in vivo has been 

quite dominant in attempting to explain escapes from IS [53,112]. The ini
tial thoughts were related to selection of variants by the host defense 
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mechanisms, which were resistant to such mechanisms [53, 112]. These 
views have been recently revived in relation to tumor progression l2, 3, 6, 
113]. In addition it is also apparent that tumor heterogeneity [56], with 
predominance of certain variants, especially in metastasis, is an intrinsic 
component of tumor behavior [56], which mayor may not be influenced by 
host responses. 

One of the arguments used against surveillance (4), is that most human 
tumors appear to be monoclonal in origin [114]. Thus, the argument against 
IS states that it does not exist because it permits the development of a 
tumor from a single progenitor cell [4]. In experimental tumors produced by 
methylcholanthrene in mice, using the comparable enzymatic markers for 
assessment of cIonality, it was found that at high dosages of methylcholan
threne (MeA), 0.2 and 2 mg/mouse, the tumors were polyclonal [115], 
while at lower dosages (5 ).1g/mouse) the tumors were monoclonal [116]. In 
another study, using either 0.5 mg of MeA injected subcutaneously (as 
in [115] and [116]) or implantation of plastic discs impregnated with 0.1 mg 
of MeA, it was found that of 34 tumors studied, 13 were clearly monoclon
al, with the rest being pleoclonal and showing no clear correlation with 
carcinogen dose [117]. However, the important finding in this study is that 
the clonal composition could change markedly during tissue culture or in 
vivo transplantation [117]. The authors conclude that the number of clones 
present at any given time depend on the number of cells originally trans
formed and the growth rate of each clone; that the number of cells trans
formed will depend on nature and dose of the carcinogen and that the 
growth rate of each clone may be affected by its inherent properties, the host 
reaction or interactions between different clones of transformed cells [117]. 
In addition, if growth rates remain constant, the clones with the greatest 
growth rate will outgrow the others [117], which we termed clonal domi
nance while discussing the monoclonality of tumors [29]; however this does 
not preclude the persistence of small clones of slower growing cells nor the 
possibility of sudden changes in growth rate [117]. In summary, this last 
paper shows the complexities of the interactions between different cell pop
ulations within the tumor as well as with host components [117], which also 
fit with the biological data on heterogeneous behavior of tumors [56]. The 
question of clonality versus polyclonality (or' pleoclonality' to use the ter
minology of ref. [117]) may be contingent on a variety of complex interac
tions between different tumor cell populations within the tumor as well as 
with stromal and other host components, which shows marked temporal 
variabili ty. 

Although I will not discuss here the question of conventional antigenicity 
of tumors, as measured by transplantation and similar techniques, which in 
the past presented an obstacle for the IS theory, when tumors with no 
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detectable antigenicity were described [12,21,25,29, 118, 119]; I will dis
cuss the relationship of carcinogen dose and antigenicity, which bears some 
relationship to the conceptual framework of IS. 

In our previous studies we showed that the antigenicity of MCA-induced 
tumors in severely immunodepressed animals was comparable, with ap
proximately 30 % of the tumors belonging to either the high antigenic or the 
non-antigenic variety, in two different mouse strains at a single carcinogen 
dose of 0.2 mg/mouse in oil, injected subcutaneously [16]. Subsequently we 
expanded the studies and tested a large number of tumors (110 tumors) 
induced by 0.01, 0.02, 0.03, 0.05, 0.2 and 2.0 mg/mouse of MCA in 
C3HflUmc mice [21], showing that, again, the proportion of tumors with 
high or with undetectable antigenicity was comparable for all the carcinogen 
dosages. In a concurrent study, using (BALB/cxDBAi2)F\ mice, receiving 
paraffin pellets impregnated with different amounts of MeA, it was shown 
that the tumors appearing in animals receiving 5 % MeA had a tendency to 
display high antigenicity (3 or perhaps 4 out of 8 tumors being highly antig
enic), while those animals receiving 0.05% MCA showed tumors with low 
or undetectable antigenicity [120]. The author concluded that if indeed 
'spontaneous' tumors may result from low levels of carcinogen, such 
tumors will not be affected by IS, since they will have a tendency of having 
' ... little or no immunogenicity as demonstrated by excision-challenge type 
assays ... ' [120]. However, it is not easy to compare the actual amounts of 
MCA in refs. [16] and [21] with that in ref. [120], since the' percent' value 
is not specified; in addition, there is a confusion on techniques, since 
ref. [120] indicates that the paraffin pellets were prepared as in the reference 
by Bartlett cited at the beginning of this discussion [118], which however, 
uses MeA in melted paraffin which impregnates plastic discs, with each disc 
containing approximately 4 ~g of MCA [118]. Thus, it is not clear whether 
'pellets' or 'discs' were used in the Prehn study [120]. This difference may 
be of importance, since Prehn indicates that' ... the total amount of MCA in 
the pellets is not a significant variable in this method of oncogenesis, since 
only the chemical near the surface of the pellet is functionaL.' [120]; how
ever, a recent study has shown that MeA in benzene applied to plastic discs, 
is rapidly mctabolized and removed from the discs in 7 days and distributed 
widely via the blood stream; provided that an appropriate local macrophage 
reaction takes place around the disc, with the macrophage being the candi
date for providing the enzymatic degradation of the MeA [121]. It is worth 
mentioning here that in the study of Bartlett with the plastic discs contain
ing approximately 4 Ilg of MCA [118], the proportion of highly antigenic 
and non-antigenic tumors was comparable to our own studies [16, 21]; with 
the only correlation being a tendency of the highly antigenic tumors to have 
short latency periods, and for the tumors arising from' spontaneous' trans-
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Table I. Antigenicity or immunogenicity of fibrosarcomas induced in C3Hf/UMC mice by 
different dosages of 3-methylcholanthrene (MCA). 

MCA dose Number of Mean antigenicity Antigenicity C 

mg" tumors tested ratio ± SE and range b None High 

0.01 16 5.48 ± 1.33 (1.0-20.2) 4 7 
0.02 20 6.28±1.37 (1.0-24.1) 6 9 
0.03 20 5.31 ± 1.12 (1.0-20.1) 5 8 
0.05 21 5.57 ± 1.37 (1.0-26.0) 5 8 

0.20 20 5.54± 1.36 (1.0-24.3) 6 8 
2.00 22 5.56± 1.29 (1.0-26.3) 6 8 

" The indicated amount of 3-methylcholanthrene in mg, in 0.1 ml of corn oil was injected sub
cutaneously into 8-10 week old mice as described in ref. [16]. Latency period for the tumors 
used ranged from 170-250 days. 

b The antigenicity ratio using normal and immune syngeneic hosts was determined as in ref. 
[118], using tumor cell suspensions for immunization, as in refs. [118] and [122]. 

C Number of tumors with undetectable antigenicity, i.e. with an antigenicity ratio of 1.0; ., high" 
antigenicity was arbitrarily defined as having a ratio of 5.0 or more. 

formation of fibroblasts enclosed in cell-impermeable diffusion chambers to 
be non-antigenic [liS]. Furthermore, a study of the techniques for detection 
of antigenicity of the tumors, comparing, among others, the technique used 
in our study [16, 21] with that used in Prehn [120] and Bartlett[IIS], 
showed no significant differences in sensitivity of the techniques [122]. 
Thus, with the proviso that the actual amounts of MCA in the Prehn stu
dy [120] are undetermined, although the 'high' and 'low' differ by a 
hundred-fold, and that different mouse strains were tested, it is difficult to 
explain this discrepancy. Furthermore, if the tumors from ref. [21] are 
retested using the' immunogenicity ratio' as in Prehn [120], which is similar 
to the procedure defined by Bartlett [118], where a ratio of 1.0 menas no 
antigenicity, the lack of difference in antigenicity between the different 
MeA dosages is still apparent (sec Table 1). For comparison, in the Prehn 
study [120], the mean ratio for the 5 % MCA dose was 8.S (the individual 
values for the S tumors being 25.3, IS.7, 9.3, 4.0, 3.2, 1.7, 1.3, 1.1) and for 
the 0.05% being 1.5 (with the individual values being 2.3,1.9,1.9,1.7,1.4, 
1.1, 1.0). It is also possible that some intrinsic variability may exist in the 
paraffin-disc-MCA procedure, since in a different experiment the low dose 
of MeA required to detect differences in susceptibility to oncogenesis with
in a inbred strain, was 0.01 % MeA, while 0.05 %, which was the low dose 
discussed previously, had no effect [123]. 

In relation to strain differences, a study using the same Bartlett paraffin
embedded MeA plastic discs [118] containing again 5 and 0.05 % MCA, 10 
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mouse strains and F I hybrids showed a reversed rank order of susceptibility 
to tumor development depending on the MCA dose, i.e. C3H/HeJ being 
more susceptible to the 5 % MCA than to the 0.05 % dose; with the reverse 
being apparent for C57BL!6 [124]. The authors hypothesized that this was 
due to the effects of the concentration of MCA on antigenicity of the 
tumors, discussed previously [124]. However, a recent study using a similar 
protocol, but with the difference that MCA at 625 I1g and 5 I1g/mouse in 
tricaprylin injected subcutaneously were used, could not show any differ
ences in tumor development between C3H/HeJ and C57BL!6J mice [125]; 
confirming other studies with these two strains [126]. It is also possible that 
the' rejection' of the MCA discs, which was observed in one study [124] as 
well as the rejection of the tumor-free animals from the analysis [124], may 
have affected the results, as was proposed by Bernfeld and Homburg
er[125]. Thus, it is not easy to decide if the effects of carcinogen dose on 
antigenicity and susceptibility to tumor induction are indeed documented 
enough to incorporate such concepts into any discussions of conventional or 
unconventional IS. As will be discussed in Section 4, the alternate hypo
theses ofIS do not rely on recognition of the conventional tumor-associated 
transplantation antigens discussed in this sub-section. An alternative inter
pretation, which appears to be documented by facts [121, 127] may be that 
the plastic disc procedure of MCA carcinogenesis, with its peculiar depen
dence on a macrophage-mediated radiosensitive host component required 
for the metabolism of the MCA in the plastic disc [121], may be a unique 
model from which generalizations may not be warranted. It is also possible 
that most of the experimental models of chemical carcinogenesis, especially 
those using injection of a single and usually rather large dose of the chem
ical, may not be representative of the putative environmental attack by such 
products, although they are certainly highly relevant in determining meta
bolic pathways as well as other host responses to the chemicals. 

The issue of immunodepression by the chemical and our criticisms to the 
concept (see [16, 17, 21, 25, 28, 29]) will not be repeated here, but will be 
discussed again in the context of N-CMC in Section 4. Suffice it to close this 
paragraph by indicating that one still finds, in the relatively recent literature, 
studies expressing some surprise that the chemical carcinogen tested at low 
but still carciongenic dosages, has no detectable effects on the conventional 
immune responses of the host [128]. 

Finally, breaking my own rule of not discussing tumor transplantation 
models, I will discuss briefly the' sneaking through' phenomenon, initially 
observed by Old et al. [129]. This phenomenon consists in the preferential 
take of tumors from small size or cell number inocula, in comparison to the 
large size inocula, with rejection of the middle size inocula. A variety of 
interpretations following the trends of the times have been used to explain 
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this phenomenon, ranging from discrepancy between growth and recogni
tion [53, 112, 130] to low-zone tolerance [131] probably mediated by sup
pressor T cells [132, 133]. However, it was considered as a strong example 
against IS, since it appeared that the conventional immune system was 
incapable of detecting small inocula of tumor cells [29, 112, 130]; and com
parisons were made between similar situations in immunity to bacteria and 
other parasites, including concomitant immunity [21, 25, 29, 49, 57, 134, 
135]. The reason for discussing sneaking through here is that some studies 
have used the Meth A chemically-induced fibrosarcoma [129, 133] as a 
prime example of an antigenic tumor with sneaking-through capabilities, 
which is also one of the prototype tumors that we used for the definition of 
the natural cytotoxic (NC) branch of N-CMC [136]. However, it is tempt
ing, based on the extreme sensitivity of Meth A to NC cell killing in vitro, to 
interpret some of the data in ref. [133], showing that sneaking through of 
Meth A is not detected in T deprived or nude mice, as a consequence of a T 
cell interference with NC or N-CMC effector cells in general, as shown for 
NK cells under certain circumstances [137], rather than to conventional 
antigen-specific suppressor cells operative in a low-zone tolerance situa
tion [133]. This point will be further discussed in Section 4. 

2.2 The clinical evidence 
It is apparent that as the clinical studies on the association of immunde

ficiency and certain forms of malignancy become more incisive and com
plex (see [50] for a good example), my own comments on the subject 
become more shallow and cursory, compared to those in previous re
views [21, 25, 29]. 

In general, it is agreed that once the clinical material was analyzed fol
lowing proper age-related incidence for the different tumors, defining the 
'expected' frequency of the tumors; the great preponderance remains for the 
general category of non-Hodgkin lymphomas (NHL), and vanished for most 
of the other forms of malignancy, with the exception of some forms of skin 
cancer. This statement applies to the group of patients undergoing renal 
transplantation [138, 139); the cardiac transplantation group [140, 141): the 
patients receiving immunodepressive drugs for other causes besides trans
plantation [139, 142), although the risk for NHL or skin is much lower than 
for the transplanted group [139,143] or for the patients with immunodefi
ciency syndromes [143-145]; the group of patients with the severe immu
nodeficiency syndromes of different types, especially the severe combined 
deficiencies [144, 145], especially if the pediatric populations are ana
lyzed [144, 145], this group has been collectively known as 'naturally occur
ring immunodeficiencies' and represent a very heterogeneous group of 
patients, regarding age of onset, severity of immunodeficiency, PI ~',s ible gen-
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etic abnormalities, etc. [145], and the group of uremic patients in chronic 
renal dialysis without transplantation [146]. In this last case, the initial 
anecdotal literature, as was the case in most of the other examples, gave the 
impression of actual increase in the more common types of malignan
cies [147-149], which was not corroborated in other series with larger num
ber of patients and better estimation of tumor risks [146, ISO]. For further 
information on these tumor frequencies, as well as some other categories of 
increased lymphoid malignancies such as the group of patients with autoim
mune disorders, see the excellent review in ref. [143], as well as the factual 
data in references [151] and [152] (in [152] concerning malignancies in 1,348 
organ allograft recipients) and the analysis of the naturally occurring immu
nodeficiencies and 733 malignancies in transplant recipients in [145]. 

Before discussing some aspects of the lymphoid tumors and NHL, a brief 
comment on the skin tumors appearing in the transplant group. Firstly, the 
preponderance is of squamous cell carcinomas of the skin and lip, with 
basal cell carcinomas being less frequent, which is the reverse situation from 
the normal population, and showing some variations in incidence in rela
tion to sunshine exposure [5, 138, 139, 152]. Secondly, the frequency of 
melanomas was not increase or affected, even in series from regions where 
melanoma is frequent [139, 152]. Thus, one may conclude that a very pecu
liar type of skin cancer, which in most cases is not life threatening for the 
patients, although it may have a more aggressive behavior than in the nor
mal population [152], is the predominant one in the patients undergoing 
kidney transplantation. Whether this is indicative of certain skin cancer 
being controlled or affected by some form of immune response of the host is 
still a mostly hypothetical question. An alternative view, since some in
creased risk for similar types of skin cancers was observed in patients 
receiving immunodepressive drugs for causes other than transplanta
tion [139], may be that some of the drugs used for immunodepression may 
be related to this type of skin cancer, either as inducer or promoter of the 
squamous cell carcinomas. 

The most important advances in the studies on the association of malig
nancy with immunodeficiency, have been, firstly, the beginning of the ana
lysis on the pathogenesis of the lymphoid tumors [50,153-165] and second
ly, the possible grouping of immunodeficient patients into different clinical 
entities in which defective immunoregulation, as proposed some time 
ago [51], may be the permissive factor allowing the uncontrolled lymphoid 
proliferation [145], perhaps permitting a better understanding of lympho
ma-leukemia development. Thus, it scems that the negative conceptual 
influence exerted by the IS hypothesis over the studies of this unique clin
ical material, discussed in Section 1 of this review and in referencc [29], has 
finally been overcome. And indeed, with increasing numbers and better 
analysis, some interesting correlations are emerging. For example, in a study 
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of 35 cases of lymphoreticular disorders in primary immunodeficiencies of 
different types, it was found that 60% were NHL (non-Hogkin lymphomas) 
of which 38 were B-immunoblastic sarcomas; and 23% were Hodgkin's 
disease, predominantly of the lymphocytic depletion type, which is quite 
rare in young patients [153]. Three of the lesions, of the 35, could not be 
categorized as benign or malignant [153], a problem that we stressed some 
time ago [21, 25, 29] concerning the accuracy of the registries oflymphomas 
in immunodepressed patients. Furthermore, while the predominant type of 
disorder in the Wiskott-Aldrich syndrome was the B-immunoblastic sarco
ma, in the ataxia-telangiectasia group there was a predominance of either 
Hodgkin's (of the lymphocytic depletion type) or NHL of the type usually 
associated with the 14q translocation [153]. In addition, all of the 7 lym
phocytic leukemias studied in the ataxia group proved to be of T li
neage [145]. On the other hand, in the heart transplant patients, all of the 
tumors were of the NHL type, with predominance of HLA-DR positive
immunoglobulin and T-cell markemegative cells [159]. The presence of 
Epstein-Barr virus (EBV) has been documented in the lymphoproliferative 
disorders associated with the x-linked lymphoproliferative disord
er [155, 156], as well as in some of the lymphomas in renal transplantation 
patients [154, 157]; where it is postulated that the EBV transformed B cells 
in association with the impaired host defense responses, may be the me
chanism for the development of such tumors [154 -15 7]. Further analysis of 
these tumors showed marked B cell abnormalities and polymor
phism [153, 158], and the term 'polymorphic B-cell lymphomas' or 'poly
morphic diffuse B-cell hyperplasias' has been proposed for such type of 
lesions [158]. On the other hand, some probable monoclonal B-lymphomas 
have also been detected during the evolution of these tumors [154, 157], 
possibly as a result of some type of clonal dominance as discussed in Section 
2.1.4 in the experimental models. Diffuse polyclonal B-celllymphomas have 
also been observed in primary infections with EBV [160] or in some cases 
evolving directly from infectious mononucleosis [161]. In addition, donor 
type of immunoblastic B lymphomas, in one case actually bearing EBV 
genome, have been observed in patients with leukemia after bone marrow 
transplantation [162, 163]. Thus, a strong case for EBV as an important 
oncogenic factor in patients with immunodeficiencies [154] as well as for 
conditions of unregulated growth of lymphoid cells, especially B cells [51], 
is emerging from the analysis of this clinical material. Finally, while NHL 
are common in the untreated cases of severe combined immune deficiency 
(SCID) in children [144, 145], these have not been observed in 35 patients 
with successful bone marrow engraftment [164]. However, such fatal B lym
phomas frequently appear in SCID treated with thymus grafts derived from 
allogeneic donors [164-165], in one case also associated with EBV [166]. 
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Thus, the question concerning these lympho-proliferative disorders is, 
whether they are associated to actual deregulation of normal controls for 
differentiation, related to the underlying disease or triggered by the immu
nodepressive therapy which has the lymphoid system as target; or whether, 
as proposed by some [155], the main permissive factor for the proliferation 
of the abnormal lymphoid cells is the underlying natural or induced immu
nological deficiency, which otherwise would have controlled such abnormal
ity, especially if triggered by factors such as EBV [155]. Thus, this second 
alternative would still be in line with some form of IS. Interpretations 
somewhat combining both views have also been proposed [52]. I will dis
cuss in some detail the possible role of N-CMC, especially NK cells, both as 
regulators of lymphoma proliferation and as mediators of some homeostatic 
control of normal lympho-hemopoiesis in Section 4.1. It is possible that a 
model for development of B-Iymphomas via de-regulation of the immune 
system may be represented by the lymphomas appearing in anti-mu-treated 
nude mice [46] to be discussed in Section 3. 

The Kaposi sarcoma issue deserves mentioning here, since increased fre
quency has been reported in immunodepressed patients receiving immuno
suppressive drugs for organ transplantation [152,167] or for other rea
sons [167, 168] as well as for its association with other malignancies [169]. 
Furthermore, a possible association with cytomegalovirus has been sug
gested [170], thus, the possibility of another malignancy with putative viral 
triggering and with accompanying immunodepression allowing progression, 
is comparable to the NHL previously discussed. In addition, Kaposi sarco
ma has also been observed in the recently described' acquired immunode
ficiency syndrome' (AIDS) seen in homosexual men and other pa
tients [171-176]. I will not speculate too much about this unusual entity, 
since there is enough speculation in the scientific [177, 178] as well as the 
non-scientific publications [179, 180]. However, it is worth pointing out 
that in the severe immunodeficiency which accompanies AIDS, whatever its 
pathogenesis may be, the main cause of death still is the rapid and uncon
trollable infections by a variety of opportunistic organisms [172176], and to 
a much lesser extent the Kaposi sarcoma or other malignancies [171-175]. 
This bring us back to some of the arguments about IS and its role discussed 
in several parts of Section 1 of this review. To further stress this point, a 
recent survey of primary immunodeficiencies in children, showed that while 
NHL were observed in 2 instances out of 201, mortality was 18.4 % (32 
children) of which 74% (28 cases) were due to different types of infections 
or administration of live vaccines, especially in the patients with combined 
deficiencies [I8IJ. Thus, at the risk of being repetitious, while there is a 
strong case for IS as very important in defense against a variety of infections 
(and as a corollary, a substantial and deathly risk for uncontrolled infections 
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in immunodepressed patients), the case for IS against malignancy sccms to 
be restricted to a very narrow spectrum of tumors, in which lymphoid mal
ignancies predominate. 

Finally, some conditions in which increased chronic antigenic stimulation 
as well as immunological dysfunction appear associated. also have been 
described as associated with increased NHL, such as gluten entheropathy, 
Sjogren's syndrome, schistosomiasis, autoimmune thyroiditis, and also to 
some extent rheumatoid arthritis or BCG vaccination (see [143] for further 
discussion and appropriate references; sec also [151]). However, such corre
lation does not apply to patients with leprosy. where no differences between 
observed and expected NHL as well as Hodgkin's or leukemia were ob
served in a careful study [182]. Thus, although it is possible that alteration 
of the immunological balance may favor NHL development, it is also clear 
that neither immunodepression nor chronic antigenic stimulation per se. 

may be the sole factor. 

3. TUMOR DEVELOPMENT IN NUDE MICE 

Although I have extensively discussed this subject in past reviews on 
IS [21, 25, 29] as well as in experimental and review papers on tumor devel
opment in nude mice [18 - 20, 22, 26 - 28. 46], it still is a topic of relevance 
in relation to IS, whether in its orthodox form mediated by T cells [15] or in 
the newer forms as possibly mediated by N-CMC and other effector cells, to 
be discussed in Section 4. As a matter of fact these studies represent almost 
a connecting point between the two areas: on the one hand, they served to 
cast serious doubts about the experimental support of IS as mediated by T 
cells [2 I, 25, 29]; on the other hand, the demonstration of normal or in
creased levels of N-CMC effector cells in nude mice, prompted interpreta
tions that the 'normal' tumor incidence (i.e. comparable to that of the 
euthymic controls) could be due to N-CMC [5, 7, 13,26,29,32-36]. How
ever, the data on tumors in nude mice has been handled rather loosely, and 
two examples will illustrate this situation. Firstly. it has been described that 
germ-free nude mice partially inbred in the BALBIc background have a high 
incidence flymphomas [23]; which however, although within that particular 
experiment the nudes showed more lymphomas than the normal controls. 
the actual incidence was well within the variation range of lymphoma inci
dences in BALB/c mice, including germ-free animals (see [25, 26, 183] for 
discussion of this point, with the appropriate references supporting the argu
ment). However, statements such as ' ... a high incidence of lymphoreticular 
tumors has been observed in congenitally immunodefective germ-free nude 
mice ... ' [151], citing ref. [23], are quite common in present day literature. 
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An even worse example is found in ref. [184], where it is stated, that, 'The 
low incidence of spontaneous tumors in congenitally immunodeficient nude 
mice ... " again citing ref. [23] as the source. This statement is doubly incor
rect since ref. [23] shows possible, although questionable (see previous para
graph), increase of spontaneous lymphomas and normal (i.e. comparable to 
controls) incidence of chemically-induced fibrosarcomas, which confirmed 
our earlier findings [18]. Secondly, statements such as ' ... nude mice lacking 
T cells do not develop spontaneous tumors ... ' [4], citing ref [24], are also 
inaccurate, as will be seen in this Section (see also [19,22,26, 27], for furth
er discussion of this point). 

3.1 Spontaneous tumors and lymphomas 
Before discussing our own results, I will briefly analyze the available liter

ature on spontaneous tumors in untreated nude mice, especially the litera
ture published since 1979, the date of my last review on IS [29] or on nude 
mouse tumors [26] . 

The reports of no detectable tumors in rather large numbers (in one case 
11,000 mice) of nude mice in either BALB/c or NIH Swiss back
ground [24, 185, 186] as part of the survey of a production colony, in which 
most of the animals were observed for very short times, usually less than 4 
months [24, 185] or where only a small number of animals were actually 
autopsied [186], are certainly non-informative, and have been criticized in 
the past in some detail [25, 26]. Similarly, the studies on tumor incidence in 
nude mice which are used for other experimental purposes [24], especially 
the grafting of human tumors [187 -190] should be considered with some 
care, since in the case of the lymphomas, such tumors may actually be 
induced by the putative antigenic stimulation [188, 189]. This point will be 
further discussed in the next paragraphs. And certainly, the frequencies of 
tumors developing in such animals will probably not ' ... throw some light 
on this confusing picture .. .', as recently proposed [190]. In addition, most of 
those studies do not have actual controls and thus, except for stating fre
quencies for the group of experimental nudes in question, no comparisons 
with nul + or other euthymic controls are possible [187, 190]. 

It is only through careful studies on tumor incidence in which the animals 
are kept untreated, in which the observation period includes the whole life
span of the animals at risk, whether in germ-free or other conditions, and 
where a complete autopsy of the animals is included, that could be consi
dered to be truly indicative of the actual status of spontaneous tumor devel
opment in nude or in any other animal model [26]. 

One careful study of tumor incidence in athymic germ-free nude mice 
partially inbred (four backcrosses) in the C3Hf/He background, is unfortu-
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nately flawed by the lack of appropriate controls [191]. In this study, the 
nude mice were compared with the C3Hf/He inbred strain and not with the 
appropriate heterozygous littermates; thus, although worthless for the com
parison between tumor incidences in athymic nude versus euthymic con
trols, it still shows that nude mice, certainly develop tumors [191]. For 
example, with groups of approximately 50-60 animals at risk which were 
observed for their whole natural lifespan, overall tumor incidence was 72 % 
for the nude females and 65 % for the nude males (with 93 % and 67 % 
incidence in the normal C3H mice), which included both benign and mal
ignant tumors, and where lylphoreticular tumors were observed in approx
imately 35 % (versus 8 % in the normal C3Hf/He) and 55 or 33 % of other 
benign and malignant tumors in females and males, respectively [191]. In 
the normal C3H/F/He, there was a high incidence (28 %) of fibrosarcomas 
in females, and an unusual incidence of hepatomas with 4 % in females and 
28 % in males [191]. In the data compiled by Murphy for C3Hf/He, the 
incidence of fibrosarcomas is 3 % in males or females; the incidence of 
lymphomas is 3 % for both sexes and the incidence of hematomas is 25 % in 
females and 17 % in males [192]. In a study comparing frequency of com
mon naturally occurring tumors from six different laboratories in 
(C57BLl6N x C3H/HeN)F I mice it was found that while the incidence for 
lung-liver and leukemia-lymphoma was relatively homogeneous within la
boratories, significant inter-laboratory heterogeneity was observed, with the 
causes for such variability being unknown [193]. A good example of intra
laboratory variability is described in ref. [190]. In two separate studies in 
which nude mice in a Swiss outbred background were set aside for sponta
neous tumor incidence, with 50 animals per group and sex, and nul + con
trols, which were studied for their whole life span; some marked variations 
in tumor incidence were observed [190]. The overall tumor incidence was 
2 % in nude males and 8 % in nude females in the first experiment, versus 
4% and 10% respectively in the second; while the incidence in the nul + 
was 2 % and 4 % respectively for males and females in the first experiment, 
versus 18 and 24 % respectively in the second experiment, with practically 
no differences in the mean life-span of the nul + animals between both 
experiments [190]. With the lymphomas, the incidence was 8% in the nude 
females in the first experiment, with no lymphomas in either the nude males 
or the nul + of both sexes; while in the second experiment lymphoma inci
dence was 6 % in nulnu females and 4 % in nulnu males or nul + of both 
sexes [190]. Finally, with pulmonary adenomas, the first experiment did not 
show any such tumor in any group, while the second experiment showed no 
such tumors in nulnu males and 2 % in nu/nu females versus 12 and 15 % 
respectively in nul + males and females [190]. I certainly hope that this last 
set of numbers is not quoted as evidence for the immuno-stimulation the-
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ory [80,81] and are just considered as comparable to the variability ob
served in tumor inddence in the control literature using outbred Swiss 
mice [194] and in the somewhat shorter observation period due to shorter
lifespan of the nu/nu versus nul + [190]. As a matter of fact, in ref. [23] 
where it is proposed that germ-free nude mice partially inbred in the 
BALC/c background had increased lymphoma incidence, one of the pro
blems, in addition to those described previously, is that the nul + group, 
was actually observed for a shorter period of time than the nu/nu group, 
which may also effect the lymphoma incidence within that particular experi
ment [23]. 

Finally, another report described a high incidence of lymphomas in nude 
mice in the NIH(S) background [195]. This paper cited both reference [23] 
and [191], indicating that their results supported those previous observa
tions. In spite of the fact that these animals were not used for experimental 
purposes (although they appear to be retired breeders), that they were 
observed for their lifespan and that careful autopsies were performed, this 
study has one serious problem for analysis of incidence, namely that the 
nu/nu group (38 animals) is much larger than the heterozygous coated lit
termate controls (I5 animals); however, 16 lymphomas (42%) were ob
served in the nude group, versus a single lymphoma (7%) in the control 
group [195]. On important feature (besides an interesting comparison be
tween the Lukes-Collins classification of human lymphomas with the Dunn 
classification of murine lymphomas) is that while 9 lymphomas were 
observed in 20 animals (45 %) kept in non-sterile isolators, the incidence 
was 4 of 12 (33 %) plus two animals developing non-lymphoid tumors in the 
group kept in sterile isolators; with 3 lymphomas in 6 animals kept in lam
inar flow units [195]. We will discuss again the possible induction of lym
phomas in nude mice in Section 3.2. This study [195], when compared to 
the studies by Giovanella's group cited in ref. [190], may be an example of 
inter-laboratory variation (193], since both groups used nude mice in the 
NIH(S) Swiss background, with marked differences in lymphoma incidence 
both in the nudes as well as in the heterozygous controls. 

Our own experience, summarized in ref [26], showed no major discre
pancies from expected results when the spontaneous tumor incidence was 
studied in otherwise unmolested nude mice (which were not even used for 
breeding purposes), partially inbred in the CBA/H background (mostly in 
the 5th backcross) observed for 18 months, or with nude mice inbred in the 
BALB/c background (8 backcrosses and 3 to 5 intercrosses) observed for 24 
months, these animals could be kept for their whole lifespans, which in 
general were comparable to the normal animals in the laminar flow housing 
conditions described iIi ref. [28]. The CBA study included 80 nudes, 63 
nu/+ and 121 CBA/H [26]. The BALB/c study included 189 BALBIe, 189 
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heterozygous +/ + and nul + (derived from heterozygous matings), 85 
nul + (derived from matings and 80 nudes derived from homozygous mat
ings [26]. In this study with the BALB/c animals, the most common tumors 
were lung adenomas which appeared in 12 to 15 % of all groups, followed by 
a variety of other solid tumors which ranged from 3 to 5 %; lymphomas 
were uncommon and observed in I % of the animals, with no differences 
between nude and controls [26]. However, based on lymphoma incidence in 
BALB/c mice [196-198], it was apparent that the observation period in the 
study cited above was too short for a true estimate. On the other hand, in 
the CBA/H study, while again, the most frequent tumor detected was the 
lung adenoma (approximately 10 % in all groups), lymphoma incidence was 
6 % in CBA/H, 3 % in nul + and II % in nu/nu [26]. Thus, we attempted to 
determine a crude lymphoma estimate in the partially inbred CBA/H nudes 
and the inbred BALB/c nudes, observed for longer periods of time, i.e. 33-
47 months for the CBA and 30-32 months for the BALB [26]. Most of these 
animals were left unmolested in groups of 40-60, although some data on 
retired breeders are also included, and the studies were performed during 
the period from 1971-1976. The animals were housed in laminar flow units 
as described above (and in ref. [28] in detail). This study also showed no 
major difference in lymphoma incidence between the different groups [26]. 
For example, while lymphoma incidence was 8.9% in BALB/c mice (58 
lymphomas out of 650 animals at risk, with no clear difference between 
males and females), the incidence of lymphomas in nul + and +/ + litter
mates from heterozygous matings was also 8.9 (35 of 390), while the inci
dence in nul + animals was 7.2 % (13 of 180) and in nu/nu from heterozy
gous matings was 9.7% (35 of 360) and in nu/nu from homozygous matings 
was 8.4% (16 of 190 at risk, again with no differences between males and 
females); in summary, no major differences in lymphoma incidence be
tween the original inbred strain and the inbred nudes and controls [26] ; 
results in accord with the usual lymphoma incidence observed in other stu
dies using BALB/c sublines [196 -198]. 

Finally, the effect of the viable yellow gene, which produces an overall 
increase in spontaneous or induced tumor incidence of the types prevalent 
in the inbred background in which the gene is inserted [199], was studied in 
hybrids of the partially inbred (6th-7th backcross generation) nudes in the 
CBAlH background and C57BLl6J or C57BLlJA vy mice [27]. Unfortunate
ly, at that time we did not have nudes in the C57BLl6 background, thus the 
nu/nu A vy were obtained by mating CBA/H nu/nu males with nul + A vy 

mice, A vy being a dominant gene. Thus the nu/nu A vy are in reality an F j 

backcrossed to the nu/nu parent; while most of the controls in the experi
ment are either F j hybrids or in the case of the plain nu/nu, partially inbred 
CBA/H mice [27]. With the proviso in mind that comparison between 
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groups is not warranted, we did observe the viable yellow effect increasing, 
especially lung adenoma formation in all groups and hepatoma formation in 
males, with only marginal effects on lymphomas or other tumors, and no 
clear differences between the nudes and the other controls [27]. 

In summary, with the exception of some viral induced malignancies such 
as polyoma [20, 26], it is apparent from our own studies that the incidence 
of spontaneous tumors in nude mice is usually comparable to that in the 
euthymic controls, and follows the patterns of the late-appearing sponta
neous tumors developing in the original inbred strain in which the nude 
gene has been inserted [26]. 

This statement is also supported by the studies on spontaneous tumor 
development in nude mice (in BALB/c background?) which have been 
immunologically reconstituted with T cells, as described by the Lozzio 
group [190]. During an observation period of 14 to 29 months, 7 tumors 
were observed in these reconstituted nudes. from a total of 680 mice, of 
which 6 were lymphomas [190]. A detailed and careful study of nude mice 
in the C57BLl6 and BALB/c backgrounds (presumably inbred) reconstituted 
with thymus grafts was performed by Eaton et al. [200]. In the case of the 
C57BLl6 group, 108 nu/nu and 122 + / + were observed for their whole life 
span, which ranged from 52-53 months in both groups; the overall tumor 
incidence was comparable with 59 and 51 % respectively in nu/nu and 
+ / +, with the only difference being the appearance of some vascular 
tumors, mainly hemangioendotheliomas (8 tumors) in the nu/nu group [200]. 
Concerning lymphoreticular tumors, the incidence was 18 % in the nu/nu 
and 42 % in the + / +; in the last case, these figures were quite similar to 
those observed by us in C57BLl6J mice, where we found 32 % lymphomas 
in males and 42 % in females [20 I). while the incidence of epithelial tumors 
was 54 % in nudes and 11 % in + I + [200]. The study with BALB/c mice. as 
clearly indicated by the authors. had problems with differences in survival 
and group size at risk, since the nude mice had a mean survival of 56 
months; however, even with such a proviso, and with a lower overall tumor 
incidence in the nudes (32 % versus 73 % in the normals), the incidence of 
lymphoreticular tumors in the nudes was 20 % versus 74 % in the nor
mals [200]. The differences in survival in the BALB/c study were inter
preted as due to incomplete restoration by the thymus grafts in the nude 
group [200]. However, it is quite apparent that the nude trait per se does not 
increase the risk for lymphoma development, and if anything, it seems to 
reduce it; while it may effect vascular tumor development in one inbred 
strain [200]. It is interesting to read the discussion of this paper at the 
Workshop, on page 365 of ref. [200], since it still contains the same ill
founded argumentation about increased incidence of lymphomas in the 
untreated nudes, discussed in the previous paragraphs of this sub-section. 
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3.2 Lymphoma 'induction' in nude mice 
During the observation of 1141 non-inbred Swiss mice that received 

human tumor transplants, 24 tumors were found, of which 22 were found in 
the fraction of 324 mice which survived for 5 months or more, giving an 
overall tumor incidence of 2.1 to 6.8 % respectively if calculated for the 
whole population at risk or the group surviving 5 months or more [187]. 
These studies were obviously published as a rcaction to the belief that nude 
mice did not develop spontaneous tumors [185]. Of the 24 tumors ob
served, 18 were lymphoreticular in origin, and would have been classified as 
lymphomas, and 6 were pulmonary adenomas ([ 187], the same data also 
in [190]). The overall tumor frequency and tumor types found was compar
able to that observed in normal Swiss mice in a variety of backgrounds, 
observed for similar periods of time [194], since the mean age for animals 
developing tumors in this experiment was 9.1 months [187,190]; although 
lower than that described for ICR: Ha Swiss mice observed for their whole 
lifespan, where lymphoma-leukemia has a 20% frequency [202]. These ani
mals were grafted with a large variety of different human tumors, and in 
spite of such tumor heterogeneity, there was a tendency for animals grafted 
with colon and urogenital tract tumors, to develop more spontaneous 
tumors than expected [187,190]. In summary, although there is no data on 
tumor incidence in non-xenografted nudes, this study shows that the nude 
mice receiving human tumor grafts to develop tumors and that lymphomas 
do not seem to be over-representcd [187, 190]. 

A different picture is described in the studies by Baird et a1. [189], where 
they indicate that 19 of 30 nude mice in the BALBIc background receiving 
human tumor xenografts, developed lymphomas, giving a frequency of 
63 %, during a 6 month observation period. During this period, 5 control 
nudes did not develop lymphomas, which certainly does not secm to be an 
appropriate control [189]. They also show that in the same period, 9 of 16 
(56 %) nudes infected with pinworms developed lymphomas [189]; they had 
previously described the production of a transplatable complex lymphoma 
containing null, Band' occasional T cells' in a nude mouse infected with 
pinworms, which the authors concluded was a result of chronic antigenic 
stimulation, and that could represent a model for human disease [188]. In a 
subsequent study, it was shown that some, but not all, of human tumors 
grafted into nudes could induce the expression of endogenous murine leu
kemia virus in nude mice in the BALB/c background [203]. Of 5 lympho
mas produced in the experiments in ref. [189], all showed a pleomorphic 
histology and contained null, Band T cells; and all expressed surface Ig 
(which was usually lost after in vitro passage), and all expressed murine 
leukemia virus glycoproteins and proteins. Thus, the possibility of these 
tumors being the result of lymphoproliferation triggered by chronic antigen-
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ic stimulation (by the pinworms or the xenograft) and the possible activa
tion of endogenous murine leukemia virus, as well as other forms of' de
regulation' was considered in interpreting their pathogenesis [188, 189]. 

The ideas of lymphoma-leukemia resulting from chronic antigenic stimu
lation which eventually breaks normal regulation of the lymphoid system, 
was proposed some time ago (204], see also [51]), and experimental work 
supporting these views are abundant (for examples see [205-207], see also 
Section 2.2). 

Our own studies [46] show that a high incidence of lymphomas can be 
induced in nude mice after life-long immunosuppression with anti-mu anti
bodies, which induces a B cell maturational arrest. During studies on polyo
ma oncogenesis in nude mice, we observed that the animals, although highly 
susceptible at ages in which the euthymic controls are resistant, developed a 
partial resistance to tumor induction at approximately 4 months of age, 
which was not mediated by T cells [20]. Such resistance could be transferred 
with spleen cells from 4 month old nudes to newborn nudes or normals, 
which are highly susceptible to polyoma tumor induction; and our cell sep
aration procedures suggested a complex mechanism in which, however, B 
cells appeared involved [20]. Thus, we studied the effect oflife-long anti-mu 
treatment since birth on polyoma oncogenesis [46], and indeed, a partial 
abrogation of the age-dependent resistance was observed. However, and 
pertinent to this discussion, 33 % of the animals developed lymphomas with 
mainly splenic involvement, which is indeed a rare event in polyoma onco
genesis, which induces tumors in a variety of organs, but almost negligible 
tumors of the lymphoid system [20, 208]. Thus, we made a more detailed 
study on the effect of anti-mu on lymphoma development in nude 
mice [46]. Table 2 summarizes our studies in nudes partially inbred in the 
CBA/H background and nudes inbred in the BALB/c background. It is quite 
apparent that nude CBA/H mice treated with anti-mu have a marked 
increase in lymphoma development (42 %), which is also observed in 
BALB/c mice (28 %), when compared to controls. It should be noted that 
this is a short term experiment, terminated at 13 months, which as was 
discussed in sub-section 3.1, is relatively short for lymphoma studies. The 
first lymphoma in the anti-mu treated mice began to appear at 140 days, 
which is quite early for this type of tumor. Six of the 18 lymphomas in the 
anti-mu treated CBA-nudes, studied so far, proved to be surface Ig positive, 
and also all expressed murine leukemia virus antigens, as was observed by 
Beatie et al. (1980). Our interpretation of these results was that from the 
interaction of the maturational B cells arrest induced by anti-mu, the pos
sible selective mitogenic effect of anti-mu, the lack of mature T cells (regu
latory?), plus some form of additional triggering, perhaps via antigenic sti
mulation (our mice were not germ-free, but are certainly pinworm free) or 
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Table 2. Lymphoma incidence in anti-mu-treated nude mice and controls. 

Lymphoma incidence (number lymphoma/number mice and %) 

Mice Untreated Goat IgG Goat anti-mu 

CBAlH 2/54 (4) 2/60 (3) 3/58 (5) 
nu/+ & +/+ 1149 (2) 3/43 (7) 6/52 (14) 
nu/nu (CBA) 1/56 (2) 6/51 (12) 18/43 (42) 
BALB/c 2/40 (5) 1140 (2) 3/40 (7) 

nu/+ & +/+ 2/44 (4) 3/40 (7) 3/41 (7) 

nu/nu (BALB) 3/40 (7) 5/52 (12) 12/43 (28) 

The anti-mu or goat-IgG control animals were injectcd intraperitoneally since birth with 0.5 mg 
of IgG or anti-mu JgG, daily for the first 6 days and continuing 3 times/week for the duration of 
the experiment (see ref. [46]). All animals were sacrificied when obviously sick or at 400 days of 
age. The first lymphomas in the anti-mu-treated nudes bcgan to appear at approximately 
160 days of age. For further details on tumor type and nude animals see ref. [46). 

related to endogenous murine leukemia virus, may start some abnormal B 
cell proliferation leading to lymphoma formation [46]. A similar observa
tion has been made in BALB/c nudes treated with anti-mu or with endo
toxin (M.E. Gerswin, personal communication). It is obviously too early to 
determine if these lymphomas may represent models for the lymphomas 
appearing in immunodepressed patients (see sub-section 2.2), but at least 
some testable possibilities are worht studying, such as the role of T cell 
subsets in the regulation of these lymphomas. However, it is important to 
note that these lymphomas in anti-mu treated nude mice do appear in the 
presence of an intact [84] or perhaps enhanced [85,86] NK system, which 
will be discussed again in sub-section 4.2. 

3.3 Other studies on tumor development in nude mice 
I will not repeat here, our published studies on tumor induction by car

cinogens in nude mice [18,19,22,26,28], which basically showed no major 
differences between nudes and controls; but rather discuss a few observa
tions which were published since our last reviews on the subject [26, 28]. 

In a model of transplacental carcinogenesis with urethan, given at 17 or 
19 days of gestation, the incidence of primary lung tumors in the progeny of 
heterozygous BALB/c nul + matings, 4 months after exposure, was compar
able to the nude and normal offspring, with a higher incidence in both cases 
when urethan was given on day 19 [209]. However, in a rather complex 
system of scoring by 4 different pathologists, the authors concluded that the 
tumors had more atypical cells and showed more invasiveness in the nude 
than in the controls; however, with respect to invasiveness, there were some 
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wide differences in the scores of three pathologists, i.e. while one scored all 
of 10 tumors in nudes and all of 16 tumors in controls showing invasive
ness, another scored 3/10 and 3/16 for nudes and controls, while the third 
scores 8/10 and 3/16 for nudes and controls respectively [209]. Thus, it is 
not easy to agree with such conclusion, especially since the microphoto
graphs accompanying the paper, while showing that a nude lung adenoma 
had more nuclear heterogeneity than a control tumor, certainly did not sug
gest differences in invasiveness [209]. 

A series of papers have dealt recently, with skin carcinogenesis in nude 
mice [210-214]. In one study, repeated painting of the skin with dimethyl
benzanthracene produced a papilloma incidence,S months after beginning 
of the experiment, of 3 of 18 for the nudes and of 18 of 23 mice at risk for 
the nul +, which also showed more than one tumor per mouse [210]. In 
addition, the frequency of papillomas in nul + skin transplanted to nude 
mice was also low, 3 of 15 [210]. Unfortunately, the lack of a control group 
of nul + skin grafts in nul +, makes the evaluation of the result difficult. 
Anyway, the question of skin carcinogenesis in nude mice includes as a 
major variable the peculiar properties of the nude skin, and cannot be used 
as an argument for or against host immune intervention in tumor develop
ment. Two more studies used skin grafting techniques in nude mice to ana
lyze skin carcinogenesis, unfortunately with quite different re
sults [211, 212]. In the first one [211], the model used the technique devel
oped by Lappe [215] who showed that when skin was treated with a sub
carcinogenic dose of methylcholanthrene as initiator, applied by contact of a 
carcinogen-impregnated disc, and 5 days later transplanted to syngeneic 
hosts, transplantation seemed to act as promoter for papilloma formation. 
Following such technique, probably using normal BALB/c skin in all the 
experiments (it is not stated in ref [211]), the carcinogen treated skin was 
grafted to nude mice partially inbred in the BALB/c background or in one 
case to syngeneic normal BALB/c mice [211]. The incidence of grafts with 
papillomas was 3/15 (20%) in the nudes and lOllS (55%) in the BALB/c 
mice. In addition, a group of grafted nudes that also received lOs normal 
BALB/c spleen cells had an intermediate value of 7/15 [211]. A second 
experiment used the same type of grafts in nude mice which in addition had 
been irradiated with 300 R and the results were 5/18 (28 %) of grafts with 
tumors; in addition, when the same irradiated nudes received either 102 or 
107 BALB/c spleen cells, the tumor incidences were 7/18 and 3/18, i.e. 39 
and 17 % respectively [211]. These results were interpreted as suggesting a 
role for immunostimulation oftumor development, based on the differences 
observed between the nude mice restored with different numbers of spleen 
cells [211]. However, a major contradiction in these results is observed, 
since while the skin grafted into the normal BALB/c animals had the highest 
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papilloma incidence; the lowest incidence, even lower than the untreated 
nudes, was observed in the group rcceiving the highest spleen cell dose, i.e. 
107 [211]. A subsequent and more detailed paper using similar procedures, 
unfortunately did not contain data using nude mice [79]. It is not easy to 
produce at present an explanation of these modest differences in papilloma 
incidence. However, it is worth mentioning here that technical differences 
may be important in this type of experiment using skin grafting. For exam
ple, in the Andrews, experiments [82], the tumors were induced by 2 mm in 
diameter paraffin pellets containing approximately 0.15 mg of methylcho
lanthrene and full-thickness skin grafts containing the pellet were trans
planted; under these conditions tumor development (probably fibrosarco
mas) was reduced in the grafted animals. On the otherhand, when skin car
cinogenesis was initiated by contact with plastic discs embedded with paraf
fin containing methylcholanthrene and the treated skin grafted to normal or 
immunodepressed animals, grafting acted as a promoter for skin papilloma 
development, and the proportion and behavior of the tumors was directly 
proportional to the immunocompetence of the host [215). 

A second study, used a variety of skin types grafted mostly into nude 
mice, which were subsequently treated by a two-stage carcionogenesis regi
men using diemthylbenzanthracene and a phorbol acetate [212]. This study 
used skin from SENCAR mice, which are highly sensitive to this type of 
two-stage skin carcinogenesis, as well as BALB/c and BALB/c-nude 
skin [212]. The results show that papilloma development in SEN CAR skin 
seemed to be unaffected by the immune status of the host; and more impor
tantly that the papilloma incidence in intact nudes, nude grafts or the adja
cent skin in the grafted nudes, were quite comparable and that such inci
dence, albeit much lower than in the SENCAR mouse, was quite compara
ble to the incidence in BALB/c skin, which belongs to the strains that are 
poorly sensitive to this type of carcinogenesis [212]. Both BALB/c and 
BALB/c-nudes showed a frequency of approximately 0.25 papillomas per 
square cm per mouse; while SENCAR skin showed values of 1.50 or more 
papillomas [212]. One interesting, albeit related point, is that the skin graft
ing procedure, even with SENCAR skin on SENCAR hosts, seems to reduce 
papilloma incidence and increase latency periods [212], supporting to some 
extent the Andrews' experiments discussed previously [82]. However, this 
paper shows quite clearly that in a two-stage model of skin carcinogenesis, 
BALB/c as well as BALB/c nudes show the same degree of 'resistance' to 
skin papilloma development. Finally, another study on two-stage carcino
genesis in nude mice also presents some confusing results, especially a 
marked discrepancy between the title of the paper and its contents [213]. In 
this study the nude mice are partially inbred in the C3Hf/He background, 
with the nude trait being derived from a non-inbred BALB/c nude stock, 
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and used a dimethylbenzanthraccne-phorbol acetate scheme, similar to that 
in ref. [212], with the exception that the dose of phorbol used was higher 
and that croton oil was used as promotor in one of the experiments [213]. 
In the first experiment, in which the carcinogenesis protocol was changed 
and which the authors called' ... rather complex experimental conditions ... ', 
22 of 37 (59 %) nudes and 21 of 22 littermatcs devcIoped papillomas with an 
average latency of 208 and 145 days respectively, thus the title of the paper: 
'Resistance of germ-free athymic nude mice to two-stage skin carcinogene
sis' [213]. In a second experiment, they used nude mice which were either 
untreated, received a thymus graft or a sham-thymus graft; papilloma inci
dence in this study was 19 of 21 (90 %) in the untreated nudes, 17 of 20 
(85 %) in the nudes with a thymus graft and 20 of 20 in the nudes with a 
sham-graft; with average latency periods of 74 to 77 days; the only slight 
difference being that papilloma multiplicity was higher in the unreconsti
tuted nude mice [213]. Thus, the nudes in the second experiments devel
oped more tumors and at shorter latency periods than the controls in the 
first experiment. In spite of these results, the title of the paper, and to some 
extent the tone of the discussion were not modified [213]. 

Finally, a recent study using transplacental carcinogenesis with ethylni
trosourea (ENU) in BALB/c nudes, showed that 45 % of the nudes versus 
5 % of the normallittermates developed benign papillomas after exposure in 
utero to 50 mg/kg of ENU [214]. Furthermore, 17 % of adult nudes injected 
intraperitoneally with 100 mg/kg of ENU developed skin papillomas, versus 
no tumors in similarly treated normallittermates [214]. As it was indicated 
by the authors, this susceptibility of the nude mice to skin carcinogenesis by 
systemic ENU may be explained by other reasons besides the lack of con
ventional IS [214]. In our own studies on transplacental carcinogenesis with 
ENU in nude mice partially inbred in the CBA/H background [26], we did 
not detect any skin tumors in nudes or controls, using a similar dose of 
ENU as in Anderson et a1. [214]. However, we treated the pregnant mothers 
on day 16-17 of gestation, while the Anderson et a1. experiments treated the 
mothers on day 15 of gestation [214]; these differences in ENU administra
tion as well as the mouse strain differences, may explain the discrepancy. In 
summary, it is apparent from the analysis of the previous studies, that the 
case for actual resistance of nude mice to topically induced skin carcinogen
esis is not very strong, and in some cases can be attributed to problems in 
experimental design or even to problems in application of the carcinogen to 
the skin (as suggested by Holland and Perkins, [213]). The variations des
cribed are difficult to interpret either within a classical IS framework or 
even within the revised versions of IS to be discussed in Section 4. On the 
otherhand, it seems that nudes are more susceptible to systematically
induced skin carcinogenesis than their normal littermates [214]. This is 
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Table 3. EtTect of diethylstilbestrol on interstitial testicular tumor development in nude mice. 

Experimental group a Tumor incidence b Latency period C 

nul+ and +1+ (BALB/c) 20/25 (80%) 245±9.0 
nu/nu (BALB/c) 14/25 (56%) 248± 7.6 
nul + and + I + (CBAlR) 2/30 (7%) 510-525 
nu/nu (CBAlR) 2/30 (7%) 517-525 
nu/+ and +1+ (FI) 9/31 (29%) 360±9.2 
nu/nu (FI) 7/30 (23%) 37616.6 
BALB/c 21129 (72%) 220±5.9 
CBAlH 1130 (3%) 528 

a All males were implanted subcutaneously at 2 months of age with cholesterol pellets contain
ing 20% diethylstilbestrol (as described in ref. [216]) and observed for 20 months. Groups of 
20 controls implanted with simple cholesterol pellets did not show any testicular tumors in 
either the BALB/c or CBAlH system. FI : (BALB+CBA)F1 . 

b Tumor incidence expressed as animals with tumors per total studied (percent tumor in par
entheses). 

C Latency period as mean days for tumor appearance ±S.E. of the mean. 

indeed, one of the few instances in which nude mice showed increased sus
ceptibility to chemically-induced carcinogenesis (see [26, 28] for further 
comments). Whether this example belongs to the category of' restricted' IS, 
applying only to certain tumor types, as we suggested some time ago [21], or 
whether other mechanisms unrelated to IS may be operative, deserve furth
er analysis. 

Finally, before ending this fastidious analysis of the available data on 
carcinogenesis in nude mice, I will discuss one more model, that of inter
stitial testicular tumors induced by diethylstilbestrol (DES), as described by 
Andervont et a1. [216]. The reason is two-fold, firstly because it shows some 
additional properties of tumorigenesis in nude mice including possible gen
etic influences related to strain; and secondly because the depressive effects 
of DES on NK cells and its subsequent effect on chemically induced carci
nogenesis [217], appears as one of the few clear examples where low NK 
activity correlates well with increased risk for tumor development, which 
will be discussed in sub-section 4.2. Our studies with nude-BALB/c mice 
were briefly described in ref. [26], and our completed study is presented in 
Table 3. Male nude mice inbred in the BALB/c and CBNH background (in 
the latter case, 9 backcrosses and 3 intercrosses) or the nude F, hybrids of 
such strains, as well as the heterozygous controls, were implanted subcuta
neously at 1 month of age with cholesterol pellets containing 20 % DES, as 
described in ref [216], and observed for testicular tumor development for 
20 months. Two points are worth mentioning. Firstly, tumors in the 
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BALB/c groups had the shortest latency period for development and ap
peared at higher frequency than than in the CBA/H groups, which are prac
tically refractory to this oncogenic treatment, as was observed by Andervont 
et a1. [215], with the F J hybrids between the two strains showing interme
diate values; secondly, that in spite of the difference in tumor incidence 
between the BALB/c, CBA/H and FJ groups, DES treatment depressed NK 
activity in a control group of similarly treated animals to practically unde
tectable levels (data not shown) as was described by Kalland [2 17]. Thus, 
one may conclude that, the tumors appeared at their low or high frequency 
in spite of the absence of conventional T -cell-mediated IS, as well as in spite 
of the low levels ofN-CMC activity. Thus, one may conclude that the strain 
differences and possible genetic control of this type of oncogenesis are not 
related to immunological or para-immunological host responses. I will dis
cuss this subject again in sub-section 4.2. 

3.4 Conclusions 
I hope that it becomes apparent from this brief analysis of the available 

studies on induced and spontaneous tumor development in nude mice, that 
the predominant conclusion that can be made is the onc made by us some 
time ago: that the nude mice cxpress the spontaneous or induced spectrum 
or tumors characteristic of the inbred strain in which the nude trait has been 
inserted [18 - 22, 25 - 291. and that only in some selected models of virally
induced tumors (such as polyoma oncogenesis or Moloney sarcoma virus) 
do the nude mice show an increased susceptibility (see ref [26] for detailed 
review and appropriate references). However, as we indicated in this text, 
even in the polyoma model with its marked T-cell dependency, the nude 
mice can develop 'alternate pathways' of resistance to oncogenesis, me
diated by complex non-T mechanisms [20]. 

The possible role of N-CMC in this generally 'normal' susceptibility to 
tumor development observed in the nude mice will be discussed in Section 
4. Finally, I hope that at least temporarily, and based on the available stu
dies discussed here, we may put to rest two misconceptions concerning 
tumors in nude mice; firstly that the' absence' of tumors in these animals, 
which we strongly criticized in the past [21, 25, 26, 29] is due to inappro
priate experimental design; and secondly, that the 'higher' incidence of 
lymphomas in the nude mouse is questionable, especially with the possibil
ity that chronic antigenic stimulation and other immunological imbalances 
may actually induce such type of tumors in the nude animals, which may 
explain the few instances in which an apparent increase of lymphomas was 
observed within an experiment (see sub-section 3.2). We also criticized this 
concept rather strongly in the past [21, 22, 25, 26, 29, 183]. However, it 
seems that in neither case we have been persuasive enough, based on the 
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unusual persistence of such misconceptions in the literature. I think that a 
similar case of poorly designed or analyzed experiments is emerging for the 
case of skin carcinogenesis in nude mice, and I hope that from this review, a 
sceptical eye is cast on the reports of' resistance' to skin carcinogenesis in 
nude mice. 

Finally, two points are worth mentioning, concerning future directions. 
Firstly, a small field of 'unique) tumors is emerging, which appear only in 
nude mice under certain conditions such as: uterine tumors in polyoma 
infected nude mice [20], vascular tumors in one strain of nudes [200], skin 
papillomas after systemic carcinogens [214] and 'B lymphomas' in anti-mu
treated nudes [46]. Whethcr these represent special effects of the nude gene, 
or actual' weak spots' of the antitumor defense mechanisms, whatever they 
may be, as we proposed some time ago [29], deserves morc study. Secondly, 
and this will be discussed in more detail in Section 4, additional immunod
epression of the nude mouse, especially by procedures that affect N-CMC, 
seems warranted; however, other more conventional immunodepressive 
regimens (such as anti-lymphocyte serum, cyclophosphamide, anti-mu, etc.) 
have not seemed to influence tumor development (see ref. [46] for further 
discussion). 

4. DOES N-CMC MEDIATE ANTI-TUMOR SURVEILLANCE? 

Due to space limitations, and also a sense of avoiding too many repeti
tions from reviews past, this section will concentrate on the proposition 
described in its title: whether anti-tumor surveillance (or IS for short, as 
defined in sub-section 1.1) could be mediated by natural cell-mediated cyto
toxicity (N-CMC), of which NK cells are one of the best studied proto
types. 

As with our past analysis of IS, I will concentrate on the emerging studies 
on spontaneous or induced tumor developmcnt in animals with impaired 
NK activity (to be discussed in sub-section 4.2) and only marginally citing 
studies on the activity ofN-CMC on transplanted tumors, which at present, 
make the bulk of the evidence for the possible in vivo role of N-CMC as an 
anti-tumor mechanism [5-9, 32-35]. As a matter of fact, it is probably in 
the stage 3 (i.e. metastatic spread) and to some extent in stage 2 (i.e. local 
tumor development), rather than at stage 1 (i.e. IS of in situ lesions) that the 
N-CMC system seems to be most effective (for details of the 3 stages of 
tumor-host interactions, see sub-section 1.2). A brief listing of some proto
type studies with transplanted tumors and metastatic spread will also be 
discussed at the end of sub-section 4.1. 

For the same reasons cited at the beginning of this section, I will not 
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discuss in detail the general properties of N-CMC in animals and man, nor 
the possible role of other effector mechanisms such as macrophages, since 
these subjects will be covered by other authors in this volume. In sub
section 4.1, I will briefly discuss some unique properties of the N-CMC 
system, which make it mechanistically suitable to function as a possible 
antitumor IS mechanism, based in part on our discussions of the subject in 
references [29, 35, 49, 218] and [219]. An unavoidable sense of deja vu will 
permeate these pages, since most of the present discussions on the possible 
role ofNK and other N-CMC effector mechanisms (whether 'non-adaptive' 
as in ref. [39] or' para-immunological' as in ref. [55]) use much of the same 
argumentation utilized during the climax of popularity of the IS hypothesis 
when it was T cell dependent (see ref. [21J for extensive review). In addition, 
the present day enthusiasm about NK cells and their possible role in IS, has 
generated those same poorly planned experiments using beige mice, as those 
we criticized in the past using neonatally thymectomized animals [21]: 
probably as part of the wave of beige mouse studies predicted by Mitchison 
in 1980 [5]. Similarly, our past criticism [16, 17, 21] to some of the presis
tent although questionable correlations, such as the argument on the depres
sive effect of the carcinogen itself on the putative defense mechanisms, are 
still valid, whether IS is mediated by T or NK cells (see sub-section 4.2). I 
think that it is somewhat premature to build up a very strong case for or 
against an IS-like mechanism mediated by N-CMC effector cells which 
actually controls or affects in situ tumor development (see sub-section 4.2). 
As a matter of fact, the phenomenon of' cryptomnesia' in science, so well 
described by Merton [88J - which in essence is the rediscovery of known 
facts as if they were new findings, in its 'positive' formulation - has 
acquired a 'negative' aspect in the IS studies, which is the forgetting or 
overlooking of already known facts which do not agree with the bias 
towards expected results (for some examples within the conventional IS 
studies see our refs. [21,25,29]; for some examples on the in vivo role of 
N-CMC see our refs. [46,49,218, 219J. However, it is worth ending this 
brief introduction with the comment that, whatever the source of the expec
tancy bias, all of these efforts and studies are an integral part of our overall 
effort for a better understanding of the complexities ofthe tumor-host inter
action and its possible application to clinical situations favoring the 
host [49]. As indicated by Woodruff, polemical arguments are' ... no substi
tutes for rigorous testing and for the generation of new hypotheses ... ' (page 
147, in [55]). Thus, as was proposed some time ago by Popper, it is ' ... our 
way of choosing between theories ... ' in relation to a problem in question, 
, ... which makes science rational...' [220]. 
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4.1 Some general properties of N-CMC 
Due to an unexpected bloating of the references cited so far in this paper, 

I will mainly use, in this sub-section a procedure that I have strongly criti
cized in the past, that of citing reviews instead of the original papers on the 
subjcct (21, 29]. However, I am almost obliged to do so, since this review 
has a page limit which, although generous, is certainly finite. Furthermore, I 
want to use additional original references to support the points in sub-sec
tions 4.2 and 4.3. 

N -CMC has the following general properties: (I) pre-existence at high 
levels in normal hosts, with no apparent need for priming [32- 36, 137]; (2) 
'specificity' for certain tumor targets which appear as 'susceptible' to N
CMC-mediated killing with no clear evidence for memory in the immuno
logical sense [32-36,137]; (3) no major histocompatibility restriction be
tween effectors and targets for effective killing [32 - 36, 219]: (4) mediation 
by an interrelated but heterogeneous population of effector cells of still 
undefined lineage, although different from 'conventional' T, B, monocyte
macrophages [32-36, 219]; (5) in mice, N-CMC is mediated by several sub
populations of which NK and NC (natural cytotoxic) are the most promi
nent, which differ in surface markers, genetic control, target preference (al
though there is some overlap) and overall regulation [32-36, 219, 221-
224] ;(6) complex genetic influences (different from those controlling T, B or 
macrophage functions) affecting levels of activity, target preference for lysis, 
interferon effects, etc. [32-36,219,221]; and (7) the levels ofN-CMC are 
influenced by the interferons [32- 36] as well as other regulatory products 
such as intcrleukin 2 [225] and interleukin 3 [226], which affect overall lev
els of activity as well as the properties of the effector eclls [32-36]. These 
are a quite unique set of properties which set N-CMC as a distinct category 
of effector system, different from the rules and properties that govern the 
more conventional cytotoxic effector mechanisms; although it may well be 
that the final event of actual target lysis may be similar for most effector cell 
types [36]. 

How do the above propcl1ies of N-CMC apply to anti-tumor IS? Firstly, 
and quite importantly. once it has developed during early ontogeny, the 
N-CMC system can act directly without the need of time-consuming prim
ing (as is the case for T cells) or of time-consuming production of macro
phage-activating factors. In the past, one of our arguments against conven
tional immune responses mediating IS addressed this time-consuming ini
tial step required for recognition and clonal expansion (or functional activa
tion, in the case of macrophages) of the effector population capable of deal
ing with the in situ tumor [25, 29, 49, 57]. Secondly, and based mostly on in 
vivo studies with transplanted tumors, it is clear that N-CMC effector cells 
can deal quite well with a small number of tumor cells in situ [32-36, 184, 
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217, 227-238]: and as a matter of fact both for NK[227-23I] and 
NC [232] cells, it is clear that increasing the number of tumor cells even
tually overwhelms the capacity of the host N-CMC system to deal with the 
tumor at the local site. In the past, and drawing especially from the data 
with infectious agents [134], one of our arguments against IS being me
diated by conventional T cells was precisely the point that such system 
needs a certain antigenic mass to be activated, and that sub-threshold levels 
of antigen are ineffective or tolerogenic; thus, the T cell system, by defini
tion, would not recognize small numbers of abnormal cells [25, 29, 49, 57]. 
In summary, it would be blind to the emerging tumor in situ, and only be 
able to detect the tumor, assuming its 'antigenicity', when it reached a cer
tain size [25, 29, 49, 57]. Thirdly, the argument of ' tumor antigenicity' in its 
conventional sense, is irrelevant for N-CMC, since the system is indepen
dent of such determinants [32-36]. However, targets and even variants 
within targets which are resistant to N-CMC do exist, and whatever the 
nature of the 'antigens' or surface determinants being recognized by N
CMC effector cells, the possibility of' resistant' targets could be one of the 
explanations for escape of N-CMC [35,36,233,236]. The argument of con
ventional antigenicity (usually measured as tumor associated transplanta
tion antigens) was noted almost from the beginning of the IS boom [54], 
and generated considerable argumentation [12, 29, 40, 52, 53, 119]. The 
question of tumor clonality [114], which was considered as an argument 
against any form of IS, since it implied that the system allowed the escape of 
a single parent cell [4], was already discussed in sub-section 2.1.4. Macro
phage-mediated IS would also be apparently independent of conventional 
tumor-associated antigens [40]. As I indicated in a previous review [219], 
the question of' escape from surveillance' discussed in so many ways in the 
past (see [53] for a listing of almost all the possibilities as applied to con
ventional IS, which certainly apply to non-conventional IS mediated by any 
mechanism), is certainly a crucial one, besides the actual properties and 
mechanisms of the surveillance system [29, 219]. Indeed, the sneaking 
through phenomenon (also discussed in sub-section 2.1.4) was also observed 
with small doses of lymphoma cells [131], which later were shown to be 
susceptible to NK killing [137]. With the exception of some studies on 
changes in susceptibility to N-CMC killing after in vivo pas
sage [32, 232, 239], or some studies on the N-CMC sensitivity of in vitro 
transformed cells [2, 3, 113, 232], the analysis of this important question has 
bearly begun. Finally, an important area of ignorance concerning the in vivo 
functions ofN-CMC is that of regional differences or of delivery systems to 
the appropriate sites of the circulating N-CMC effector cells. I proposed 
some time ago that such factors could create' ... weak spots where incipient 
tumors may thrive ... • [219], which is somewhat a variation of the immuno-
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logically privileged sites argument, discussed in the past in relation to con
ventional IS [21,25,29,183]. Regional differences for tumor growth have 
been described in mice, although the actual mechanisms for such differences 
remain unknown [240]. 

One of the more spectacular in vivo correlations of NK cell function, has 
been the observation by Warren and Dennert [184], where a cloned cell line 
with NK activity administered to NK-deficient mice (beige, etc.) could res
tore the capacity of the hosts to reject allogeneic bone marrow transplants, 
resist challenge with transplanted tumor cells and show resistance to devel
opment of radiation-induced leukemia. This observation, as well as the 
remarkable recent accumulation of relevant information on NK cells and 
other N-CMC effector mechanisms (see ref [9J for an impressive compen
dium of this new information in the field), has prompted a recent commen
tary that NK cells had come to the rescue of immune surveillance, which 
however, was wisely tempered by the addition of a question mark [8]. Sim
ilarly, there is a rather convincing case for an important role of NK cells in 
the clearing of blood-borne metastasis of lymphomas and solid tumors, 
usually measured as either clearance of intravenously-injected radioiabelled 
tumor cells from the lung, or the counting of lung-colony formation after 
spontaneous or artificial metastasis, either in beige mice or mice with other 
forms of NK deficiencies [237, 241-249J. This last point relates directly to 
stage 3 of the tumor-host interaction discussed in sub-section 1.2; although 
of the highest importance due to its clinical implications, is certainly beyond 
the scope of the present review. Similarly, a variety of important issues on 
N-CMC effector cells, such as heterogeneity, cell lineage, regulation and 
other properties, including their possible role in regulation of normal hemo
poiesis or of initial defense responses to a variety of bacterial, viral or para
sitic agents (see again [9], as well as [36,137,219,250,251]) are beyond the 
scope of the present review. 

However, a few additional points will be discussed before closing this 
sub-section. Firstly, the initial ideas, derived mainly from murine studies, 
that NK cells were primarily involved with responses to lymphomas [32-
34,36] and that NC cells had a preference for non-lymphoid solid tu
mors [35, 136], is certainly incorrect, since solid tumors, for example, can 
be lysed both by NK and NC cells [252]. Thus, in spite of some of the 
differences between the two effector populations, they even share a certain 
degree of target preference. This point will be discussed again when com
menting on the tumor induction studies in sub-section 4.2. Secondly, the 
idea of an heterogeneous, albeit related, system of effector cells acting in 
concert (35, 219] has also received strong experimental support in murine 
systems [222-224, 253]; although comparable studies in other species, in
cluding man, have barely begun, and are presently concentrated mostly on 
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NK-like cells, recognizable by their peculiar morphology as 'large granular 
lymphocytes' [254]. Although LGL have been detected in mice [255], it is 
apparent from the studies by Roder and collaborators [36, 256] on the 
ultrastructure of the NK cells that form conjugates with the targets, that 
most of the cells do not have the morphology of LGL. Whether the mouse 
represents a unique model; whether the comparisons are inadequate due to 
regional differences, since the murine studies use spleen cells while the 
human studies use peripheral blood lymphocytes or whether limited num
bers of targets have been tested in the studies in other species, certainly 
needs further clarification. As will be seen in the next paragraphs, it is quite 
possible that the spleen may not be the totaL nor the best, representative of 
murine NK activity [257]. 

Finally, an important point which needs mentioning, is the age-related 
decline of NK activity in spleen, observed in mice at approximately lO-12 
weeks of age [32-34, 137]. It is obvious that if such is really the case, that 
after 3 months of age, which is quite far away from the age at which spon
taneous tumors begin to appear in mice [192], NK cells disappear; the argu
ment for a role of NK cells in antitumor IS becomes almost non-existent. 
However, this phenomenon is not general for all N-CMC effector cells in 
mice [136], it is not detected in peripheral blood, even at 16 months of age 
([257], our unpublished observations), is readily augmentable in 
spleen [258], and such a decline is not observed in rats [259] nor hu
mans [32, 250]. Thus, as mentioned previously, the spleen may not be the 
overall representative of the NK activity in the murine host. However, 
some correlations between spleen NK activity and behavior of transplanted 
tumors have been described, showing increased tumor growth in the 'older' 
animals (usually at approximately 4 to 6 months of age) with the putatively 
NK defect [33, 34, 36,231,260,261], which are not easy to explain. For 
example, subcutaneous growth of Y AC cells injected into 4 week or 6 week 
old mice, showed lower frequency of takes than when injected into 6 or 9 
month old hosts [260]. Lung clearance of injected tumor cells was impaired 
in 13-20 week old mice [231], at a time when blood NK activity is 
high [257]. Thus, it is not easy to understand how clearance of intravenous
ly injected tumor cells by the lung would correlate with spleen rather than 
with blood NK activity. On the other hand, clearance of labelled cells from 
other sites, such as footpads, seems to have other mechanisms and proper
ties [262]. The same paradox concerning what has been termed' senescence' 
of NK activity [36] is exemplified by the experiments of Haller et al. [261], 
where 1 year old mice with low NK activity in spleen, could be restored to 
normal by lethal irradiation followed by injection of young bone marrow; 
however old bone marrow (1 year old) still produced good restoration of 
spleen NK activity in both young or old irradiated hosts [261], with the 
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differences favoring the young marrow being significant but very mod
est [36, 261]. These experiments were done using CBA mice, which were 
shown to have rather constant high levels of NK activity in blood, even at 
more than 470 days of age [257]. To conclude, this comment, whatever the 
mechanism of the age-related low NK activity in spleen [137] (which cer
tainly is not observed with other N-CMC effector cells such as NC [136]), is 
not a generalized phenomenon, since 'normal' levels of NK effectors in 
blood can be detected in 'aged' mice, and well preserved levels of NK
precursors can be found in the' aged' bone marrow [261]. As was indicated 
previously, such putative declines have not been observed when measured 
in spleen or other tissues in rats [32, 259] nor in human blood lympho
cytes [32, 263]. 

Another important proviso for questioning the value of transplanted 
tumors in relation to IS studies, is the observation that the tumor cell ino
culum itself, regardless of whether it contains passenger viruses, can actually 
induce a boosting of NK activity mediated mostly by interferon [260, 264]; 
which combined with our past criticisms on the use of transplanted tu
mors [21], explains why we concentrate exclusively on the discussion of 
spontaneous or induced tumor development in experimental models of 
IS. 

4.2 Tumor development in N-CMC deficient animals 
In this sub-section I will discuss two types of experimental evidence: 

firstly, the correlation between known levels of NK activity in spleen and 
spontaneous or induced tumor development in a particular mouse strain 
and secondly, tumor induction after exposure to carcinogens in animals 
with spontaneous or induced low NK activity, which include beige mice. I 
will also discuss some experiments on carcinogen-induced tumors in ani
mals with low or normal NK activity, in which the effect of the carcinogen 
proper on NK activity was studied. An occasional experiment with rats will 
also be discussed. As can be seen from the paucity of actual studies (4 stu
dies cited in ref. [7]; one study, as well as 5 other examples of related 
experimental and clinical observations in ref. [250]), this is a field that has 
just begun to be explored, and most of the conclusions have to be consi
dered provisional. I will discuss mainly correlations with NK, since strain 
distribution of activity in mice is well established for such system, while it is 
still being defined for other N-CMC effectors [219], and because most of the 
studies on tumor induction use either beige mice or mice with induced 
deficiencies of the NK compartment. 

4.2.1 High NK-activity mouse strains 
How about murine strains with high NK activity? This has to be consi-
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dered only as a suggestive correlation, but as seen in Table 4, the CBA 
sublines, which have been considered as prototype high NK reac
tors [33, 34, 36] have a low incidence of late appearing lymphomas and a 
moderately high, but variable, incidence of other tumors (mostly mammary 
tumors in females and hepatomas in males, see also sub-section 3.1 for 
discussion of lymphomas in CBA nudes, and refs. [21, 26, 266 and 273]). 
The only mouse strain described as having NK cell hyper-reactivity, of a 
level higher than that usually seen in other high NK strains or in nude mice, 
is the SMll strain [265], and is clearly a strain with low spontaneous tumor 
incidence [266], although being one of the strains with an intermediate life
span, comparable to strains with low NK activity, such as All [266]. Over
all tumor incidence of varied types has been reported as 7 % in females and 
0% in male SM/l mice, observed during their whole lifespan [266]. It is 
obvious that these findings need confirmation and further analysis and 
should be considered presently, only as suggestive correlations. Especially 
since as will be discussed in the next paragraphs, there is not a good corre
lation between NK levels in spleen and spontaneous tumor development 
(including leukemia-lymphoma) in most murine strains [46, 49]. In addi
tion, SM/J mice have other immunological hyper-reactivities which may 
also be affecting tumor development [265]. On the otherhand, some muta
tions like yellow and viable yellow (see ref. [27] and sub-section 3.1) which 
augment the tumor incidence characteristic of the inbred strain in which the 
gene has been inserted [199], have no effect on NK activity ( [267] and our 
unpublished data) nor on NC activity (our unpublished data). 

4.2.2 NK activity and spontaneous tumors in rats and mice 
In a careful study in which NK activity in 7 different inbred rat strains was 

analyzed, no correlation with NK levels and spontaneous tumor incidence 
was observed [268]. For example, high tumor incidences have been reported 
in low-NK strains such as BN as well as in high-NK strains such as F344 
and BD.X ([268, 269], see also [193] for further discussion on tumors in 
F344). Similarly, while both AKR and SJL mice (see Table 4, which develop 
a high incidence of spontaneous leukemias and lymphomas respectively) are 
low-NK strains; C58, which is also a strain selected for high leukemia inci
dence [192] can be included in the intermediate to high NK category ([34], 
our unpublished data). In a study of a leUkemia-prone wild mouse popula
tion ([270); see [271 for further details on tumor-prone sub-populations of 
wild mice, which in general have intermediate to low tumor incidences, see 
ref. [192]), some interesting information on NK cells was obtained: (1) the 
wild mice from this restricted area in California possess a wide range of NK 
reactivity against Y AC target cells, with 32 mice (50 % of all tested) falling 
in the low-NK range, comparable to All mice; (2) splcen cells from those 



46 

Table 4. Spontaneous tumor development in different mouse strains and sublines: Lack of 
correlation with NK activity in spleen. 

Strain a 

CBAlJ (LS) 
CBAlJ (LS) 
CBAlH (LS) 
CBAlH (18 M) 
CBAlH (47M) 
CBA/H nulnu (18 M) 
CBAlH nulnu (47 M) 
BALB/c (24 M) 
BALB/c nul + (24 M) 
BALB/c nulnu (24 M) 
BALB/c (32 M) 
BALB/c nul + (32 M) 
BALB/c nu/nu (32 M) 
DBAl2 (LS) 
DBAI2 (LS) 
C57BLl6J (LS) 
C57BLl6J (LS) 
C57BLl6J 
C57BLl6J nulnu * 
C57BLlIOJ (LS) 
RF/J (LS) 
RF/J (LS) 
LP/J (LS) 
LP/J (LS) 
129/J (LS) 
129/J (LS) 
129/J (LS) 
PLlJ (LS) 
PLlJ (LSI) 
PLlJ (LS) 
I/Umc (LS) 
AlJ (LS) 
AlJ (LS) 
AlWySn (LS) 

Percent Tumors C 

All tumors 
NK 
acti vity b Male Female 

H 
H 
H 
H 
H 
H 
H 
I-H 
I-H 
H 
I-H 
I-H 
H 
I-H 
I-H 
I-H 
I-H 
I-H 
I-H? 
J-H 
J-H 
I-H 
I-L 
I-L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

29 54 
72 87 
26 33 
IO 16 
? ? 
24 22 
? ? 

20 
19 
20 
? 
? 
? 

15 49 
18 37 
37 46 
7 14 

51 
59 

33 31 
49 43 
? ? 
26 20 
19 55 
7 21 

12 20 
? ? 
19 71 
? ? 
? ? 
12 21 
13 30 
65 95 
? ? 

Lymphoid tumors 

Male Female 

6 5 
8 12 
4 4 
5 6 
5 6 

12 10 
5 5 

1 
1 
1 
9 
9 

IO 
IO 12 
? ? 
32 46 
? ? 

42 
18 

31 29 
49 43 
? 30 

9 
? ? 
2 7 

? ? 
5 13 

19 50 
? 45 

6 32 
2 8 

? ? 
3 5 

13 10 

Referenced 

273 
266 
21, 201 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
273 
266 
201 
266 
200 
200 
273 
266 
274 
273 
266 
273 
266 
46,49 
266 
274 
46,49, X 
46,49, X 
266 
46,49, X 
192 

a Different strains and sublines, observed for tumor incidence for the indicated period of time 
(in parentheses, length of observation in months; LS: observed for whole life span). (*) thcse 
animals were grafted with a syngeneic tumors, see ref. [200] for more details. 

b NK activity in spleen, against YAC targets, based from data in references [32-36, 221]. 
C Percent tumors in animals at risk, columns in the middle indicate overall tumor incidence 

without indication of sex. The question marks (?) in the table indicate that the information is 
not available. 

d References cited in bibliography; (X) indicates our unpublished results. For additional con
sultation on lymphoma incidence in mice, see pages 169-173 in: Inbred and Genetically 
Defined Strains of Laboratory Animals. Part I. Mouse and Rat. Altman PL, Katz DD (eds), 
Bethesda, MD, Federation of American Societies for Experimental Biology, 1979. 
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same animals showed no killing whatsoever against allogeneic lymphoma
leukemia or other tumor target lines derived from other mice trapped in the 
same area; conversely, CBAIl and C3H/Hel mice, but not All, could kill 
quite well, those same lymphoma-leukemia cell lines; (3) using NIH 3T3 
lines infected with wild amphotropic or ecotropic MuL V, no detectable NK 
activity of the wild mice against such determinants could be detected and 
(4) no indication of an overall defect of NK responses could be related to 
the expression of MuL V in this sub-population of wild mice with high inci
dence of leukemia [270]. In this detailed study, it is apparent that NK activ
ity in spleen could not correlate well with the leukemia-proneness of this 
wild mouse population. Furthermore, the situation of this wild mice study, 
reacting against YAC but not against allogeneic cell lines derived from the 
same SUb-population is reminiscent, although not supportive, of some of the 
problems detected in human studies [272]. 

The correlation between known NK activity in spleen and incidence of 
spontaneous or induced leukemia-lymphoma (or other tumors) in mice is 
presenting a complex picture, in which almost all the possibilities can be 
observed [46, 49]; or compare any well-detailed study on tumor incidence 
in in bred strains, such as those cited in ref. [192] or the studies in 
refs. [266, 273, 274], with their known levels of NK activity. There is also 
the additional problem of some inter-laboratory variation of spontaneous 
tumor incidence in the same mouse strains, even when using appropriate 
number of animals and lifespan observation periods of otherwise unmo
lested animals (compare [21,46, 49, 192.201, 266,273-275]). However, as 
indicated previously, with the exception of AKR and SJL, which are both 
NK-Iow strains and which have a high incidence of spontaneous leukemia
lymphoma [192], tumor incidences, including leukemia-lymphoma does not 
seem to correlate well with overall levels of NK activity [46, 49]. Table 4 
shows a good example of this situation. where a variety of low NK strains 
such as 129, LP, A, RF, I and PL do not show a very high risk for leukemia
lymphoma development, while strains such as C57BLl6 and C57BLI I 0, 
which have moderately high levels of NK activity, develop a much higher 
frequency of lymphomas. The case of PLil deserves further comment. PLil 
mice belong to a category of non-augmentable low NK strains, with normal 
NC activity ([276]; our unpublished data) which shows a variable leukemia 
incidence, which was moderately high in studies performed in 1966 [266] 
and much lower (our unpublished data) or very late appearing leukemia 
incidence in more recent studies [274]. In summary, Table 4 shows that 
several low-NK strains have a lower or comparable incidence of overall 
tumors or leukemia-lymphoma than the prototype NK-high eBA strain. I 
will not belabor this point any further, but it seems that overall spontaneous 
tumor incidence including leukemia-lymphoma for a particular inbred 
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mouse strain, does not correlate with the known levels of NK activity of 
that particular strain at optimal conditions of in vitro NK testing (usually 
measured against Y AC.I targets, using spleen cells within a limited age
range of donors). However, the overall strain pattern of NK reactivity, does 
not show variability in tissue distribution, and the pattern is preserved when 
NK [34,36,267] or NC [232,267] activity is measured in other organs, 
including blood [267]. Whether the complex genetic control affecting 
NK [221] and NC cells [219] is part of the complex genetic control of tumor 
susceptibility or resistance, needs further detailed study. 

4.2.3 Tumor development in induced NK deficiencies 
Two studies have used procedures that reduce NK acl1vlty in 

vivo [217, 235] to determine the effects of such treatment on tumor devel
opment after exposure to methylcholanthrene (MCA). In one study, an anti
body against the asialo-GM 1 marker, which is present on NK as well as 
other cells [235, 277, 278], and suppresses NK activity after in vivo admin
istration was used [235]. This study used BALB/c nude mice injected sub
cutaneously with 600 Ilg of MCA [235]. The results, presented only in chart 
form, show marginal differences which are difficult to evaluate: 14/19 anti
asialo GM 1 treated animals developed local tumors versus 10/19 in the 
controls, 15 weeks after MCA treatment; although the differences between 
the two groups were seen almost at all time points [235]. The second study 
used a procedure which induces profound and apparently life-long depres
sion of NK activity, seen after the administration of diethylstilbestrol (DES) 
during the first week of life [217]. The DES and control female mice of the 
outbred NMRI strain were treated at 8-10 weeks with a subcutaneous injec
tion of MCA at doses of 10, 20, 50 or 100 Ilglmouse. The experiment was 
terminated at 36 weeks, and the approximate tumor incidences (based on 
the charts) and with groups ranging from 20 to 44 mice, showed some sug
gestive differences: while tumor incidences were higher in the DES-group at 
10 and 20 IlgiMCA dosages, such differences were not observed at higher 
MCA dosages [217]. Unfortunately, tumor incidences in these animals, 
especially in the DES-treated group, do not follow a true dose response in 
relation to MCA, since the highest tumor incidence (approximately 50 %) 
was observed at the 10 and 50 Ilglmouse dosages; while the control mice 
showed a kind of plateau curve of approximately 20- 30 % tumors at all 
dosages, with the lower tumor incidence at 20 IlgiMCA [217]. Thus, in spite 
of being suggestive of a role of NK in controlling tumor development, these 
results show enough intrinsic variation to warrant some caution in the inter
pretation. As mentioned earlier, both anti-asialo GM 1 and DES affected 
the growth of transplanted tumors [217, 235]. As was discussed in sub-sec
tion 3.3, the characteristic strain-dependent incidences of interstitial testicu-
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lar tumors induced by DES [216] were not affected in normal or nude 
BALB/c (high tumor incidence) and CBAlH (low tumor incidence) after 
exposure to DES, which produced a marked decrease in NK activity, with 
intermediate values for the normal or nude Fl hybrids of both strains. Thus, 
in spite of the low NK activity, the testicular tumor pattern characteristic 
for each strain of normal or nude mice was preserved. 

4.2.4 Depression of NK activity by carcinogens 
Urethan lung carcinogenesis was also studied [279-281]. The main con

tention of these studies is that the capacity of the carcinogen to depress NK 
cell activity may be ' ... an important factor in its carcinogenic activi
ty ... ' [279]. Unfortunately, this contention is not supported by the experi
mental facts. While it seems to apply to the situation with All mice, it does 
not seem to be a general phenomenon applicable to other mouse 
strains [281, 282]. In All mice administration of 1 mglg body weight of 
urethan injected into 6-8 week old animals, usually in repeated injections, 
produced a marked decrease in NK activity in spleen (this depression was 
biphasic, with depression at day 1 after urethan, normalization by day 4 and 
a more profound depression by days 7-8 which persisted 14-18 days, see 
ref. [279], decreased the lung clearance of injected tumor cells [280, 281] 
and produced high numbers of adenomas per mouse, 3 months after ure
than [279 - 281]. A concurrent study showed that the same treatment in 
C57BLl6 mice did not produce depression of NK activity and did not 
induce lung tumors [280]. These results were considered as highly suppor
tive of the view that the depressive effect of urethane on NK activity was a 
factor in lung carcinogenesis [280]. A more detailed study is described in 
ref. (281]. Here, the same dosage of urethan is given to All, CBAll and 
C57BLl6 mice, and while the results in A and C57BLl6 are similar to those 
reported already, the situation with CBAll shows that the generalization is 
impossible. In the case of CBAll mice, the urethan treatment had no clear 
effect on NK activity (except for a mild decrease by day 1) and no effect on 
lung clearance of injected labelled tumor cells, while 67 % of the animals 
developed lung tumors within the 3 month observation period [281]. Fur
thermore, the same dosage of urethane given to normal C57NLl6 and 
C57BLl6 bglbg mice showed no differences in lung carcinogenesis [281]. 
This last finding was interpreted as a result of the lung-target cells in 
C57BLl6 mice (and bglbg) being' ... inherently resistant... ' to carcinogenesis 
by urethan. However, it is worth mentioning here that C57BLl6 mice and 
sublines, are not resistant to leukemogenesis by urethan [282,283] and that 
the A mice and sublines are the prototype strains for high spontaneous 
incidence and high sl1sceptibility to carcinogen-induced lung adenoma for
mation, with usually 53% lung tumors at 12 months of age that rises to 90% 
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by 18 months ([284]; see also [192]). In addition, a certain degree of over
interpretation also permeates some experiments in this study: for example, 
the effect of cyclophosphamide (CY) on lung tumor development after ure
than in All mice is indicated in the text as a 54 % increase, and interpreted 
as indicative that such an increase is due to the further suppression of NK 
activity produced by CY [281]. However, the actual data shows 11.4 no
dules per lung in the animals treated with urethan and 17.6 nodules in those 
treated with urethan plus CY, while in another experiment the incidence of 
lung nodules is 13 in animals receiving only urethan; suggesting that intrin
sic variation between experiments also has to be considered in this type of 
study, as we have indicated in the past in relation to other studies on lung 
tumor development using immunodepressed animals of different types [21]. 
Ref [285] contains a good example of marked variability induced by differ
ent factors on lung carcinogenesis by urethan in All mice. In addition, 
another study in which BALB/c mice were injected with 10 mg/mouse of 
urethan, also in repeated injections, showed a marked increase in NK activ
ity in spleen, beginning 2 weeks after urethan and persisting for 8 weeks 
after the carcinogen [286, 287]. Thus, it is obvious that the urethan effect 
observed in All mice may not be a general phenomenon, and be perhaps 
related to other mechanisms. 

In the past, we criticized the notion of immunodepression by the carci
nogen being a required permissive factor for its carcinogenic ef
fect[15, 54, 66], using two types of arguments [16, 17,21,25]: firstly, that 
the carcinogen doses which produced detectable effects on the immune res
ponses (mostly T, B at that time) were usually 100 to 1000 times the actual 
carcinogenic dosages [16, 21] and secondly, that by manipulating the actual 
carcinogen dose or route of administration, a complete dissociation of its 
carcinogenic action from its immunodepressive action could be obtained, in 
which tumors developed in the absence of any detectable immunodepres
si ve effect by the carcinogen [16, 17, 28]. It seems that similar approaches 
should be used in analyzing the effects of carcinogens on N-CMC effector 
cells, before a major generalization is made. I should add, that the urethan 
lung-carcinogenesis experiments have been cited already in reviews as sup
portive of a possible role of NK cells in anti-tumor surveillance (see 
refs. [7, 251, 280] for examples). Before closing this subject, I will discuss 
two additional sets of experimental data: one dealing with the effects of 
dimethylbenz(a)anthracene on NK aCtlvIty and tumorigene
sis [286, 287, 288] and the other with the effects of leukemogenic dosages of 
radiation on NK activity [289, 290]. In the first set of studies, BALB/c mice 
were treated with dimethylbenzanthracene (DMBA) orally at a dose of 1 mg 
per feeding, in 6 weekly administrations, in mice that also had or had not 
received a pituitary syngeneic graft [286, 287] and NK activity was found 
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depressed in the spleens of carcinogen-treated tumor-bearing animals. The 
interpretation was that the tumor-bearing state in this system (but not in a 
lung-carcinogenesis model induced by urethan, see previous paragraphs) 
depressed NK and cytostatic activity in the spleen, via a putative suppressor 
cell mechanism [286, 287]. In a second study, using the same mice and 
DMBA schedule of administration [288], it was found that although the 
carcinogenic treatment depressed NK activity in spleen, the low levels of 
NK activity did not correlate with tumor risk, since comparably low levels 
were observed in animals with and without mammary tumors [287J. In 
addition, chronic administration of poly I: C, although it augmented the 
lowered NK activities, did not seem to affect tumor development in this 
model [288]. The authors indicate that the correlation between decrease in 
NK activity and tumor development in their model is still unk
nown [288]. 

The leukemogenic split-dose radiation (175-179 R whole body, weekly 
for 4 weeks) in C57BL/6 mice has been shown to have a marked depressive 
effect on spleen NK activity, which was observed by 12 weeks post-irradia
tion and that could not be fully restored by poly I: C treatment [289]. Sim
ilar results were obtained in another study [290], which also showed that 
lung clearance of Y AC labelled cells was also impaired, and that bone mar
row cells from normal C57BLl6 mice, but not from C57BLl6 bglbg mice, 
could restore the deficiency of NK in spleen and the lung clearance [290]. 
However, the levels of NK activity in spleen (expressed as percent lysis at 
100: 1 ratios, while in 281 is expressed as lytic units per spleen. making 
comparisons difficult) is quite minimal, ranging from 1 to 8 %, which makes 
this study difficult to evaluate [289]. The authors indicate that this is prob
ably related, even in the non-irradiated normal mice, to the age-related 
decline of NK activity in spleen, since the animals were 10-12 week old 
when tested [290]. For further discussion of this point and the lack of age
related decline of NK cells in blood, see previous paragraphs. The demon
stration that radiation-induced-leukemogenesis could be prevented by ad
ministration of cloned cell line with NK activity [184] is probably the stron
gest argument for a possible correlation between NK activity and leukemo
genesis in this complex experimental model [291]. 

Before closing the discussion of these models, I would like to return to the 
urethan-C57BL/6 problem discussed previously [281]. The older literature 
contains some interesting results, which could be reinterpreted in the view 
of the possible role of N-CMC in tumor development. For example Berem
blum et al. [282] noted that injection of adult bone marrow, failed to inhibit 
urethan leukemogenesis in newborn C57BL/6 mice. In a subsequent study, 
they showed that urethan leukemogenesis was fairly potent (35 % incidence) 
when treatment was begun soon after birth, but weaker when urethan was 
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begun at 45 days of age, with only 6 % incidence [292]. These results may 
suggest a certain role for NK cells due to their age-related development, but 
also shows that adult C57BLl6J mice whose NK compartment is not 
affected by urethan [281], are still susceptible to leukemia development. 
They also showed that leukemogenesis could be inhibited by thymectomy, 
but that in contrast to radiation-induced leukemogenesis, such inhibition 
would not be reversed by thymus-grafting [282]. Furthermore, they also 
showed that in a two stage-carcinogenesis model of a single dose of irradia
tion (150 to 400R) followed by a multiple injection dose of urethan at 
1 mglg body weight dosages, leukemia incidence would be increased in 
C57BLl6 mice, and that the younger group (28-32 day old) was more res
ponsive than the older (37-44 day old) animals [293]. Finally, in a subse
quent study, they showed that when newborn C57BLl6 mice were used, the 
animals did not prove to be more susceptible to radiation-induced leukemia 
than the older animals and that while urethan injected within the first day 
after birth failed to induce leukemia, two weekly injections started at 4 days 
of age, were leukemogenic [294]. However, leukemia incidence declined 
when urethan was begun at 14 or 21 days of age; with latency periods being 
24 weeks for the early injections versus 44 weeks for the later urethan 
administrations [294]. It is apparent that these studies have a reminiscent 
flair following the ontogeny ofNK development in mice [32-34,137], and 
may support some of the views on urethan or radiation being operative in 
depressing NK activity and allowing the leukemogenic process to develop, 
as proposed for the urethan-Iung model [281], or the split-dose radiation 
model [289, 290]. However, the failure of adult bone marrow administra
tion to reverse this process [282], would argue against a direct role of NK 
cells in this model. In addition, in spite of the data with urethan and lung 
carcinogenesis quoted in ret [281], C57BLl6 mice are quite susceptible to 
urethan carcinogenesis and develop a variety of tumors, including thymic 
leukemias when treated at 10 days of age [283]. It is worth mentioning here 
that the synergistic effect of urethan and a single low dose of irradiation has 
been known since 1958, and the studies included C57BL mice, from which 
the C57BLl6 and other sublines have been derived [295]. In summary, it is 
clear that further analysis of these complex biological models of induced 
leukemogenesis may produce interesting correlations with our present 
knowledge ofN-CMC, especially NK-mediated responses in mice. The only 
aim of this tirade was to caution the first value interpretations of these 
possible correlations. 

4.2.5 Studies with beige (bg/bg) mice 
A few studies on spontaneous or induced tumor development in beige 

(bglbg) and control mice have been recently reported [238, 243, 297 -299]. 
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In spite of the studies with transplanted tumors showing differences in 
behavior between normal versus low-NK beige mice ([296]; see also pre
vious paragraphs and [36,241-243,296]) and in spite of the beige mice 
being heralded as a model for NK surveillance [5, 6, 36, 300] which may 
, ... provide a critical test of the hypothesis that NK cells are a first line of 
defense against neoplasia ... ' [300], the studies on tumor development in 
beige have produced only marginal results. This absence of a spectacular 
confirmation of NK-mediated IS by the beige mouse, could be interpreted 
in several ways: (1) The NK deficiency in beige mice is not as complete as 
originally thought in 1979 [301] and can be detected and aug
mented [276,302-304]; (2) The beige mice have an intact NC [276, 305] 
and promonocyte NK-like [306] compartment, which may act as IS against 
the induced tumors; with or without an additional macrophage de
fect [306, 307]; (3) The possible, albeit questionable, increase of lymphoma 
incidence in the untreated beige mice may be part of the complex influences 
of the beige gene and independent of the NK deficiency [297, 299]. Thus, 
the beige model was not such a good model to start with, and the disap
pointment voiced already by some [7, 238] may be due to the unwarranted 
initial high hopes [300]; (4) The lack of difference between beige and con
trols in tumor induction studies [238, 243, 298, 299] could be due to the 
'equalizing' effect of the carcinogen-induced depression of NK activity in 
the normal controls (see previous paragraphs). Thus, it is possible that the 
variety of murine mutations, like beige, which, among other effects, in
fluence NK activity may not be ideal models [267]. And in spite of the 
complex genetics of N-CMC effector cells [221,308], it is quite probable 
that the 'critical test' for the role of NK or N-CMC effectors in anti-tumor 
IS will require the actual production of high versus low N-CMC activity 
congenic mouse strains. 

Before discussing the more recent data on tumor development in beige 
mice, two older studies are worth mentioning [309,310]. During genetic 
studies of the SN/Le strain which carries the beige (and satin) gene and a 
variety of crosses with C57BLl6J [309] it was observed that the homozygous 
beige animals had an increased susceptibility to spontaneous neumonitis 
and that 23 animals out of 558 (4 %) under study at 7 to 17 months of age, 
involving a variety of crosses and having better correlation with homozy
gous satin than with homozygous beige, showed moderate to marked gen
eralized lymphoadenopathy, ' ... suggestive of lymphoma ... ', which in 3 
cases was confirmed as reticulum cell neoplasms, again with a better corre
lation with satin than with beige [309]. Due to Dr. Murphy's expertise in 
murine pathology, this finding should be considered as a cautionary note in 
the evaluation of beige mouse studies, since not all of the lymhoid tissue 
enlargements are related to actual lymphoma development [309]. A second 
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study, using beige animals in the C57BLl6J background (as all of the tumor 
studies to be discussed here), showed that lifespan was only slightly dimin
ished when compared to the C57BLl6J controls: 23.4 months in beige ver
sus 27.9 months in controls [310]. Unfortunately, this study does not con
tain information on tumor development nor cause of death [310]. However, 
it contrasts with the lifespan data discussed in ref. [299]. 

Two recent studies on spontaneous tumor incidence in beige and con
trols [297, 299] suggest an increase in lymphomas, however, both reports 
can be considered as preliminary, and the definitive publication of the stu
dies will clarify this issue. In one letter to Nature, as a result of the publi
cation of ref. [301] and the enthusiasm about beige mice, it was observed 
that 11 of 40 (27%) of beige mice in the (C3H x 101)F1 background devel
oped ' ... a variety of disseminated lymphomas ... ' at 15 -18 months of 
age [297]. It is also indicated that neither of the parent strains nor the F 1 

hybrid kept at Harwell' ... is noted for natural lymphoma ... ' [297]. The oth
er study [299] indicates that in a total ' ... of over 200 C57BLl6 bgibg and 
bgl + mice ... ' studied for spontaneous tumor development, only malignant 
lymphomas have been observed in both groups, with a frequency of tumors 
in dead mice of 46 % (7 of 11) in bglbg and 27 % (3 of 11) in bg/ + ; with no 
indication of age of appearance, except that ' ... the age profiles were the 
same for each group ... ' and that the beige mice had a shorter lifespan [299]. 
At first glance, in spite of the paucity of detailed information, one may 
concludc that the cause of death in beige mice may be relatcd to a higher 
incidence of lymphomas. However, it is clear if compared to the data on 
normal C57BLl61 presented in Table 4, that the lymphoma incidence even 
in the beige is within that seen in the C57BLl61 strain. 

The tumor induction studics using beige mice show mostly negative 
results. As already mentioned, there were no differences between beige and 
control C57BLl6 mice in lung tumorigenesis produced by urethan, with 
both groups showing resistance [281]. One study again using beige in the 
C57BLl6 background showed that local tumor incidence after subcutaneous 
injection of 100 Jlg of methylcholanthrene, showed no differences in tumor 
frequency, latency period for appearance, nor time of death due to tumor 
growth [243]. This is really a micro-study, since the number of animals at 
risk was 8 in each group; due to this fact it should be considered only as 
suggestive evidence, and indeed, this paper is a good example of the ques
tionable experimental design of studies produced at the peak of enthusiasm, 
mentioned at the beginning of this section. A second and well-designed 
experiment studied tumor development in 64 bglbg and 83 bgl + littermates 
in the C57BLl6 background, which received 1 mg of DMBA intragastrically 
in 5 weekly dosages (as in refs. [286-288]) and tumor incidence monitored 
at 165 or 500 days after the first DMBA feeding [298]. The findings showed 
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that the beige and controls had a similar incidence of most tumors, includ
ing lymphomas, and only showed a slight increase in non-epithelial tumors 
arising in cutaneous or subcutaneous sites in beige mice when studied at 165 
days and an increase in non-thymic lymphomas (7 of 27, 26% in bglbg 
versus 1 of 33, 3 % in bgl + ) when studied at 500 days [298]. However, none 
of the differences were statistically significant [298]. In spite of that, the 
paper indicates that the beige mutation may cause ' ... a certain defect in a 
mechanism that may prevent or delay the onset of non-thymic lymphomas 
and of epithelial and non-epithelial cutaneous tumors ... ' in the DMBA 
treated animals [298]. Although indicating that the results are less spectacu
lar than predicted from the studies with transplanted tumors, the dampen
ing of the differences between groups may have been related to the depres
sive effect of the DMBA on NK activity [298]. In a subsequent paper from 
the same group, it is indicated that the lack of increase in tumor develop
ment in the beige may be due to the fact that ' ... clearly, the bg mutation 
does not provide an ideal model (since) the NK-defect it causes is neither 
absolute, nor selective ... ' [238]. This same study showed that at 200 days, 
tumor incidence after DMBA was similar in beige and controls (13 of 
64 bglbg and 15/83 bgl +, probably the same animals as in re( [298]). Fur
thermore, they also showed no differences between groups of 20 beige and 
controls injected early in life with Moloney leukemia virus (M-MuLV): 
7 bglbg and 6 bgl + developed leukemia within 165 days after infection with 
no differences in latency period; an additional group of beige and controls 
injected with M-MuLV at 4-6 weeks of age, did not develop any leukem
ias [238]. They also showed no differences in local tumor development, rate 
of growth or regression in a small group of beige and control animals 
injected with Moloney Sarcoma virus [238]. Thus, the procedure of denying 
the validity of the beige model is applied here for the interpretation of the 
negative tumor-development results. 

Finally, another study showed no major differences between beige and 
controls receiving either a murine leukemia virus (9 of 13 beige and 13 of 
16 bgl + developed lymphomas); subcutaneous injection of three different 
(although undefined) dosages of benzo(a)pyrene (50 of 65 bglbg and 85 of 
124 bgl + developed local tumors), or with split-dose irradiation (160R, 
weekly x 4), where lymphoma-leukemia incidence was 6/13 in bgibg and 
7/19 in bgl + at 200 days [299]. In spite of this array of negative results, it is 
indicated that' ... according to the evidence presented to date, it is quite 
possible that NK cells play a protective role in surveillance against the 
development of some primary tumors .. .' ([299], italics added). A rather 
florid, but interesting, scheme for a step-wise mechanism of IS in which NK 
cells would be the first step, is presented by Roder and collaborators in two 
reviews [36, 300]. Both were probably written at a time in which mostly the 
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Table 5. Lack of correlation between spontaneous levels of NK activity and leukemia develop-
ment after exposure to methylcholanthrene. 

Percent 
Percent skin 

NK Number leukemia d tumors 

Strain • activity b Ah c of mice (latency periods in days) 

AKRlJ Low d 46 100 (149) 0 
RF/J Int-H d 45 95 (135) 0 
SJLlJ Low d 40 85 (186) 20 (195) 
DBAl2 Int-H d 40 67 (239) 0 
C58/J Int-L b 40 50 (188) 10 (250) 
PLlJ Low b 50 42 (344) 5 (375) 
129/ J Low d 48 29 (241) 10 (265) 
(I xRF)F1 Low d 32 12 (198) 16 (374) 
AlJ Low b 45 7 (550) 51 (358) 
I/Umc Low d 49 6 (375) 6 (350) 
CBAlH High b 53 6 (195) 92 (250) 
BALB/C Int-H b 49 4 (323) 77 (290) 

• Female mice treated at 10-12 weeks of age with 5 daily skin paintings with 3-methylcholan
threne in benzene, applied to a skin area in the back of approximately 2 sq. cm, using the 
procedure described in ref. [274]. In most ofthe experiments animals were observed for tumor 
development (leukemia and/or local skin tumors) for 400-450 days. 

b NK activity tested in spleen cells against YACI targets in 4 hr StCr release assays. Int-H or 
Int-L means that the NK values are intermediate-high or low, respectively. For further details 
on NK activity in many of these strains see refs. [32-36]. 

C Aryl-hydrocarbon-hydroxylase (Ahh) levels of activity controlled by the Ah gene [126]; the b 
allele is the inducible or responsive; the d allele is the non-responsive. For details on strain 
distribution of Ahh levels of activity see p. 81 in: Inbred and Genetically defined strains of 
laboratory animals, Part 1, Mouse and Rat. Altman PL, Katz DD (eds), Bethesda, Md, Fed
eration of American Societies for Experimental Biology, 1979. 

d Tumor incidence expressed as percent of animals with tumor per total animals at risk at 
400-450 days after treatment; mean latency periods in days, in parentheses. Strains are ranked 
by leukemia incidence. 

tumor transplantation studies in beige mice were available, however in one 
of the reviews [300] it is indicated, as unpublished data, that beige mice 
showed a higher incidence of tumors after exposure to benzo(a)pyrene, 
although later it was found that the overall differences between beige and 
controls in this tumor model showed no statistical significance [299]. 

4.2.6 Lymphoma-leukemia development in low-NK strains 
In a study still in progress, briefly reported in refs. [46] and [49], we indi

cated that spontaneous leukemia-lymphoma incidence (see Table 4 and sub
section 4.2.2) did not correlate well with known levels of NK activity in 
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those strains. In addition, the incidence of T cell leukemias (and skin 
tumors) induced by skin painting with methylcholanthrene, using the model 
developed by Duran-Reynals and collaborators [274], also did not correlate 
well with the levels of NK activity, especially in a variety of NK-Iow 
strains [46, 49]. Table 5 presents some of this data in more detail. The pro
cedure used female mice, whose flanks and back were shaved, and which 
were painted daily for 5 days with a solution of 1 g methylcholanthrene 
(MCA) in 100 ml of benzene, using a brush dipped once in the solution and 
painting an area in the back of approximately 2 cm2; the treatment was 
begun at 10-12 weeks of age. It is obvious from the results in Table 5 that 
extreme caution should be used in interpreting these results, since examples 
to please almost any bias can be found, depending on the strain tested. For 
example, with the NK-Iow strains such as 129, PL, A, I and (I x RF)F J the 
leukemia incidence was 29, 42, 7, 6 and 12 % respectively, and in most of 
those strains the leukemias appeared much later than in other strains such 
as AKR, SJL (both NK-Iow) or C58 and DBAI2 (both with intermediate
high NK levels). In the case of PL, for example, at 250 days after treatment, 
leukemia was usually 10% or less. As was discussed previously, the PLlJ 
have a more profound NK defect than the beige, which is not augmentable 
by either long-term assay nor interferon-inducers ([276]; our unpublished 
data; see also sub-section 4.2), and however, are relatively resistant to early 
induction of leukemia by MCA-painting and have an intermediate inci
dence of spontaneous leukemia-lymphoma which appears late in life (see 
Table 4 and 5). On the other hand, the incidence of skin tumors, followed a 
somewhat inverse pattern from leukemia, as was previously described [274, 
with all the permutations again being expressed by the different strains. It is 
interesting to note that the leukemia/skin tumor pattern in A/l and CBA/H 
(or CBA/J, see [274]) are quite comparable in spite of A being one of the 
prototype low-NK strains and CBA being the prototype high-NK 
strain [32, 34, 36]. It is also clear that if only one or two strains had been 
used in this study, depending on chance or some educated guess in selecting 
them, a rather compelling case for an important role of NK cells in con
trolling leukemogenesis, with no relevance for skin carcinogenesis would 
have emerged. For example imagine if the study would have included only 
AKR, SJL and CBA! I might add that in this particular model of leukemia 
development in the NK-Iow strains such as 129, PL, A, I and (I x RF)F J 

mice, the putative depressive effect of the carcinogen on NK activity 
becomes almost irrelevant; since even assuming that the carcinogenic sche
dule depresses NK activity further (and our preliminary testings suggest that 
it does), some strains remain quite resistant to leukemia development in 
spite of their low NK levels. As was indicated for C3H and RF crosses [274] 
leukemia development does not correlate with expression of the responsive 
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allele at the Ah locus which regulates MCA metabolism [216], while skin 
tumor development usually does [274]. The Ah phenotype of the strains 
used is also indicated in Table 5~ Similarly, as di~cussed in sub-section 3.2, 
the lymphomas induced by anti-mu treatment in nude mice in the CBA/H 
and BALBlc background, develop in the presence of an intact high activity 
NK compartment, especially in the CBAlH nudes (see Table 2 and 
ref. [46]). Thus, it seems that alternative interpretations besides the possible 
role of NK cells (or perhaps other N-CMC effectors), seem necessary to 
explain these results. In the case of the MCA model of leukemia develop
ment, it involves complex genetic influences [274,275,311]. It is also ap
parent that a narrow model, or the use of a limited number of mouse strains 
may provide some results which may seem to support the desired argument, 
but which may prove to be isolated cases and not a truly general phenom
enon. 

4.2.7 Conclusions 
One has to conclude from the experimental data discussed in this subsec

tion 4.2, that in spite of the arguments discussed in Section 4 and 4.1 con
cerning the general properties of the N-CMC systems, and in spite of some 
persuasive discussions in the published literature [5-8,29,32-36, 55,219, 
250, 251, 280, 300]; the experimental data on tumor development in con
ditions of impairment of NK function, do not support the idea of a major 
role for the NK branch of the N-CMC system as a surveillance device 
preventing tumor development in mice and rats, regardless of tumor type. It 
is obvious that most of these are still incipient studies, which in the case of 
the beige mice, seem more disappointing due to the high initial expectancy 
concerning that model [36, 300]. It is also clear that further studies, well 
planned, and with sufficient numbers of animals involved, will certainly 
help clarify the possible role of N-CMC mechanisms in anti-tumor surveil
lance, or at other stages of the complex tumor-host interaction. 

4.3 The clinical evidence 
I will start this sub-section with two provisos. Firstly, that the definition 

of' normal' levels of NK activity in peripheral blood in healthy normals is 
not an easy task and high-low individual reactive patterns can be quite 
persistent and different [312]; and that a variety of extraneous factors such 
as alcohol or aspirin consumption, smoking habits (see [312) for appropriate 
references) as well as intrinsic variations of the assays and modes of hand
ling the experimental data and expressing the cytotoxicity results can affect 
the overall values, making comparisons difficult [312]. Thus, the indication 
of abnormal values for NK activity in blood of patients with different dis
eases including cancer, requires careful analysis and control [312). Secondly, 
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as indicated before, space limitations will make of this sub-section just a 
cursory excusion over some of the available data, especially in patients with 
the immunodeficiencies discussed in sub-section 2.2. I will just use a few 
examples to point towards some interesting questions, rather than evaluate 
in detail all of the available clinical literature with its merits and/or defects. 
It is also apparent that some re-adjustment of the evaluation of the signifi
cance of the changes in NK activity observed in the clinical studies, will 
take place in the near future, with our increasing understanding of the reg
ulation and function of NK cells and N-CMC in humans. Two temperate 
and perceptive reviews on the clinical significance of N-CMC in humans 
can be found in references [313] and [314]; similarlyn reference [9] contains 
a wealth of information on human N-CMC effectors and clinical correla
tions. On the other hand, pleasant uninformative editorials [315] should be 
avoided. Further clinical studies will certainly tell us in the near future 
whether N-CMC and its different effector cells plays a role in any of three 
levels of tumor-host interaction described in sub-section 1.2 (i.e. IS which is 
the reaction against in situ incipient tumors; tumor immunity, which is the 
post-factum set of complex responses of the host to the developing, and 
usually clinically recognizable tumor; and the complex mechanisms which 
affect metastatic spread of the tumor); and even in a fourth level, in this 
case man-made, which is the possible manipulation of residual tumor after 
surgery-chemotherapy. On the other hand, the simple descriptive listings of 
NK levels in blood measured in short term assays against K-562 targets, in a 
myriad of different diseases, which appear almost daily in the literature, will 
not improve our understanding of the in vivo role of N-CMC. 

A good example of the problems in evaluating the association of NK 
abnormalities with disease, is provided by multiple sclerosis, where a var
iety of conflicting results concerning NK activity and their possible role in 
the pathogenesis of the disease have been reported (the appropriate refer
ences in [316]) which, however could not be sustained when monozygotic 
twins discordant for multiple sclerosis were compared: both interferon pro
duction and NK activity were similar between the affected and the heatlhy 
twins [316]. Similarly, and more directly related to the subject of this review 
and the patients discussed in sub-section 2.2, although an initial study 
showed that 10 of 12 males with x-linked lymphoproliferative disorder had 
marked deficiency of NK activity [317], which was cited as good evidence 
for a possible role of NK cells in IS [36,151,300]; a subsequent study 
showed quite clearly that the NK defect is secondary to the development of 
the syndrome and the EBV infection [318]. It is obvious that whether pri
mary or secondary to the syndrome, the possible role of low NK activity 
and subsequent lymphoma development [155], needs further study. The 
studies on NK activity in patients with the naturally occurring immunode-
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ficiencies, which as was discussed in section 2.2 are at a higher risk of 
developing lymphomas [145], have given a mixed picture of results with a 
predominance of normal NK activity in x-linked agammaglobulinemia and 
other forms of hypogammaglobulinemia; a depressed NK activity in most 
patients with severe combined immunodeficiency, and a variable frequency 
of low or normal NK activity in patients with other immunodeficiencies 
such as ataxia telangiectasia, Wiskott-Aldrich syndrome, IgA deficiency, 
etc. [319-322]. Forty-seven patients with different types of immunodefi
ciencies have been studied [319-321]. The common feature, stressed by 
Peter and collaborators [313, 322], being the association with impaired 
function of the bone marrow and the hemopoietic system. Since, in addition 
to the immunodeficiencies with marrow involvement cited above, low NK 
activity was also observed in patients with leukemia, preleukemia, osteo
myelofibrosis, polycythemia vera, myeloma [322] and Fanconi's anem
ia [323]. These studies support the murine data on the extreme marrow 
dependency of the NK branch of N-CMC [32-36]. In some 
cases [319,323], the defect appears related to problems in interferon pro
duction. In trisomy-211Down's syndrome, which does not show a defect of 
overall NK activity, the augmentation of NK activity by interferon seems 
abnormal [324]. Whether this subtle NK change is related to the increased 
risk of the trisomic patients to infections or lymphoma-leukemia (ref. [324] 
contains the appropriate references; see also ref. [21]) needs further study. A 
decreased and protracted depressed NK activity has been also described in 
the patients immunodepressed for kidney transplantation [325]. The pa
tients with Chediak-Higashi syndrome (of which the beige mouse is one 
animal homologue) have decreased NK activity [326] and a certain propen
sity for development of lymphoproliferative disorders (see [326] or [21] for 
appropriate references). However, it is not yeat clear whether the NK defect 
is the permissive factor for malignant development or part of the same 
abnormality which favors malignant change. Conversely, lepromatous le
prosy patients, which, as discussed in sub-section 2.2, do not have an 
increased risk for malignancy or lymphoma development in spite of their 
immunodeficiency [182], do have suppressed NK activity during episodes 
of erythema nodosum [327]. In the case of patients with acquired immu
nodeficiency syndrome (see sub-section 2.2) only one study showed that all 
4 patients had low NK activity when tested against herpes virus-infected 
targets [174]. Of these four patients only one had Kaposi's sarcoma [174]. 

In summary, with the reservations concerning the increased risk for 
development ofa very limited range of tumors in the patients with naturally 
occurring or induced immunodeficiencies discussed in sub-section 2.2; it 
appears that most of those patients show low levels ofNK activity at some 
stages of their disease. However, whether low NK activity in these patients 
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is in any way related to the increased tumor risk or is a consequence of 
tumor development, is only conjectural at present. 

Finally, I would like to discuss three more aspects of the studies of NK 
activity in cancer patients. Firstly, the observation of lower NK-like activity 
in patients and some relatives with familial melanoma [328], needs confir
mation and extension to other types of familial cancer. As was indicated 
previously, only a few of the 16 males at risk in the case of the x-linked 
lymphoproliferative disorder, and none of the other family members, 
showed decreased levels of NK activity [318]. 

Secondly, the possible prognostic value of tumor-related changes in NK 
activity in patients, is beginning to be evaluated, unfortunately with com
plex results of difficult interpretation, which prompted one group of re
searchers to indicate that ' ... the question of prognostic significance of NK 
activity in melanoma patients is hence largely unresolved ... ' [329]. Al
though a positive correlation between NK levels and prognosis in melano
ma patients was reported [330] which was not corroborated in a somewhat 
similar study [331], albeit using a different assay for N-CMC; a subsequent 
analysis [329, 332] showed correlations which are difficult to interpret, if 
indeed NK cells should be ' ... an important surveillance mechanism against 
tumors in vivo ... ' [332]. In these studies it was shown that the tumor bearing 
state reduced NK activity (as was observed in some of the animal studies, 
see [32-36] for appropriate references in murine models); that NK levels 
increased after removal of the melanoma; and that the prognostic value of 
the NK levels was influenced by stage of disease and tumor thickness, as 
well as age of the patient [332]. Thus, there was a correlation ofNK activity 
measured shortly after removal of the primary, with thickness of the tumor, 
but the patients with high NK activity at this time had a worse prognosis, 
and the interval between removal of the primary and local recurrences was 
shorter in the patients with high NK activity [329, 332]. In another study, it 
was shown that there was no correlation whatsoever between NK levels 
(before or after interferon therapy) and the clinical response in a group of 39 
myeloma patients treated with interferon [333]. In general it is agreed that 
the NK defect in the blood of patients with cancer becomes more pron
ounced with progression of disease and metastatic spread or untreated leu
kemia [334, 335]. NK activity in nodes draining a variety of solid tumors 
could not be correlated with level, size, histological type, hyperplasia or 
metastatic spread in the regional node [336]. The studies which simply 
measured NK activity in cancer patients showed a whole spectrum of res
ponses which include: insignificant depression in melanoma patients when 
compared to controls [337]; no differences between breast cancer patients 
and controls [336]; depression of NK activity in more than one third of 83 
patients with untreated breast cancer, with the same pattern in 25 patients 
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with benign breast lesions [338]; while 31 % of 51 adult patients with a 
variety of solid epithelial tumors showed low NK activity, only 7% of 27 
normal controls failed to kill the K-562 target, however, while NK activity 
in all the normal low-NK responders could be restored by in vitro treatment 
with interferon, only half of the low-NK cancer patients could be res
tored [339]; patients with leukemia have in general low NK activity in 
blood [322, 335, 340] which may get normalized during remission, as is the 
case with acute myelocytic leukemia [341]. In summary, a rather variable 
picture which suggests that during the early stages of tumor development, 
the impairment of NK activity in blood (and nodes, when studied) may be 
comparable to normal, with a decline in activity associated with progression 
and metastatic spread. 

Thirdly, and finally, the effects of many of the adjuvant therapies, wheth
er putative immunomodulators or not, on NK activities is in some cases 
different than expected, if the expectation is that NK cells are participating 
in the beneficial effects of such therapies. For example, levamisole has been 
shown to be inhibitory of NK activity in vitro [342]. On the other hand, 
some of the cis-platinum compounds used in the clinic seem to increase 
N-CMC effector activity [3431. DES in prostatic cancer patients has been 
shown to profoundly depress NK activity [344], as was observed in the 
murine studies [217]. Similarly, interferon; which has been shown to be a 
major booster of NK activity in animals and man [32 - 34, 36, 250, 251, 
280], actually reduced NK activity in patients treated for protracted periods 
of time [345, 346]. It is obvious from the above listing of' paradoxes' that 
our understanding of the in vivo role of N-CMC, and its possible function in 
IS and anti-tumor responses, is still fragmentary and that further detailed 
studies are required before we can take a firm stance concerning its possible 
role in IS or other forms of the tumor-host interaction in humans. 

5. CONCLUDING REMARKS 

It is apparent that due to some space constraints, this review has pro
duced a peculiar hybrid text in which some subjects have been discussed 
with punctilious detail, while others have been addressed in more general 
terms. It certainly does not address the more general properties, functions 
and problems of the N-CMC field, which I hope will be covered in other 
chapters in this volume. However, several important areas of the N-CMC 
field have not been discussed in this text: areas which, in the long run, may 
actually define the true in vivo role ofN-CMC, and which may have little to 
do with anti-tumor activities, as was proposed for the more conventional 
immunological responses [21, 25, 29]. These include the overall regulation 
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of lymphohemopoiesis [347, 348], of which resistance to hemopoietic 
grafts [349,350] or hybrid resistance to tumor grafts [221,351] may be just 
two related examples; and the possible role of N-CMC in the defense 
mechanisms against a variety of bacterial, viral or parasitic infections (see 
pages 1445 to 1526 in ref. [9] for pertinent studies). Whether these are the 
'true' functions of N-CMC, and the anti-tumor component is just a by
product of the general functional properties of the NCMC system, needs 
further definition. I will not repeat here some of our past comments on the 
voluntaristic need to find and define a special defense mechanism against 
cancer [21,25,29], and not to assume that it may simply be the by-product 
of the functions of a more general defense mechanism (of which N-CMC is 
a branch) against infections. However, it is worth mentioning here that, as 
discussed in sub-section 4.1 (see also [29]), the N-CMC system has indeed 
the potential capacity to act as an anti-tumor surveillance mechanism in the 
sense of the traditional IS (see sub-section 1.1); a potential capacity which is 
not shared by most of the conventional immunological responses (see 
ref. [29,49, 57]). As a matter of fact, as stressed in past re
views [21,25,29,49], this is the first time that an operative mechanism 
which may act as surveillance has emerged. Whether NK cells have actually 
'rescued' IS as proposed recently [8], is still too premature to announce. 
Although as discussed in the text, some studies have produced impressive 
data on the capacity ofN-CMC to affect the growth of transplanted tumors, 
especially as artificially-induced metastasis; our discussion in sub-section 
4.2 shows that the NK branch of N-CMC has not produced a good corre
lation between deficient NK activity and spontaneous or induced tumor 
development in animal models. This, after all, is still the main (and perhaps 
sole) prediction of the original IS theory [15, 54], i.e. that the deficiency of 
the putative effector mechanisms which mediates IS, should increase the 
risk for tumor development. Whether other branches of N-CMC effector 
mechanisms may act as anti-tumor surveillance devises [35, 219, 232] needs 
extensive study. Whether NK and other N-CMC effector cells are part of 
the overall anti-tumor response of the host (see sub-section 1.2), rather than 
the more restricted IS function, seems to be a possibility, based on the 
experimental and clinical data. 

Thus, at present writing, it seems that IS remains as a limited event that 
may apply to a limited number of tumors, and which in some cases can be 
interpreted by alternative hypotheses (e.g. the case of the lymphomas in 
immunodepressed patients, see sub-section 2.2). Whether in a restricted or 
an expanded form (to cover other types of tumors), the possibility of an 
IS-like mechanism mediated by N-CMC, cannot be fully dismissed at pre
sent, and certainly merits further study. In general, the main prediction of IS 
still remains thai of an increased risk for tumor development when the 
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putative IS mechanism is defective. It is possible that from a more incisive 
understanding of N-CMC we may develop models of N-CMC deficiency 
which may help clarify that question. It is also apparent from sub-section 
4.2, that the partial NK deficiency in beige mice does not seem to represent 
the idea model for testing the role of NK cells in IS. Thus, the present status 
of IS seems to be one of guarded convalescence from the present day schi
zophrenic period, which followed the manic state of the early seventies. 
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2. Role of Macrophages In Host Resistance 
Against Tumors 

WILLIAM E. FOGLER and ISAIAH J. FIDLER 

1. HOST-TUMOR INTERACTIONS TN THE PATHOGENESIS OF CANCER 
METASTASIS 

The most devastating aspect of cancer is the propensity of malignant 
neoplasms to spread from their primary site of growth to distant organs 
where secondary tumors, metastases, can develop. Despite remarkable ad
vances in aggressive adjuvant therapy and improvements in general patient 
care, most deaths of patients with solid cancers are caused by metastases. 
There are several reasons for the current failure to eradicate metastasis. 
First, by the time of surgical excision of the primary neoplasm, metastases 
may have already occurred. Second, even when metastases are diagnosed, 
their location and number may limit the effective dose of therapeutic agent 
that can be delivered to the lesion without being toxic to the host. Third, the 
most formidable obstacle to successful treatment of metastasis is the hete
rogeneous nature of malignant neoplasms and the rapid emergence of meta
stases that are resistant to conventional therapeutic regimens [1- 3]. 

The pathogenesis of cancer metastasis depends on the interaction of 
tumor cells with the host and can be divided, somewhat arbitrarily, into 
several sequential steps: (1) invasion of cells from the primary tumor into 
the surrounding tissue, with penetration of blood and/or lymph vessels, (2) 
release of single or multiple tumor cell emboli into the circulation, (3) arrest 
of the circulating emboli in the small vascular beds of organs, (4) tumor cell 
extravasation through the wall of the arresting vessel and infiltration into 
adjacent tissue, and (5) multiplication of tumor cells and the development 
of vascularized stroma into the new tumor focus [4-6]. 

The pathogenesis of metastasis is influenced by many host factors that 
include immune reactivity. During the process of metastasis, tumor cells 
come in direct contact with various elements of the immune system such as 
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macrophages [7, 8], T lymphocytes [9, 10], natural killer lympho
cytes [11,12], and natural cytotoxic cells [13,14]. Moreover, tumor metas
tasis can be inhibited by soluble effector molecules such as induced or nat
urally occurring antibodies and complement [15-18], tumor necrosis fac
tor [19, 20], lymphotoxin [21, 22], and tumor-derived growth inhibition 
factor [23]. 

Experimental studies on the role of host immunity in cancer metastasis 
have yielded contradictory results. Highly immunogenic methylcholan
threne (MCA)-induced mammary carcinomas did not metastasize in the rat, 
whereas weakly immunogenic tumors produced extensive metastases [24]. 
In an experimental metastasis model, tumor cells injected intravenously 
were arrested primarily in the lungs, and mice bearing small local (subcuta
neous) tumors were more resitant to the development of pulmonary meta
stases than normal mice [25, 26] or mice bearing large primary tu
mors [25, 27]. The development of metastatic foci was enhanced by treat
ment of tumor-bearing mice with antithymocyte serum [28-30] or X-radia
tion [31], and the resistance of normal mice to intravenous challenge with 
tumor cells was augmented by the transfer of spleen cells [32] or peritoneal 
cells [30] from immune donors. Serum alone had no effect on the resistance 
of X-irradiated recipients to intravenous tumor challenge unless normal or 
immune spleen cells were adoptively transferred into these mice before 
challenge [32]. Collectively, these results suggest that cellular and humoral 
immune responses can destroy hematogeneously disseminated tumor cells. 
Thus, suppression of host immunity was shown to increase the metastatic 
incidence of malignant neoplasms. 

The finding that immune suppression leads to increased metastasis is not 
a generalized phenomenon. In many other tumor systems, depression of 
immunologic reactivity actually was associated with a decrease in metasta
sis [33-38] or had no influence whatsoever on the growth of a local or 
disseminated tumor [39]. The basis for these discrepancies could have been 
the differences in the histology and etiology of the tumors and in the species 
in which they originated. In order to study the importance of host immunity 
to the incidence of metastasis by tumors of different antigenicities, Fidler et 
al. [39] minimized these experimental variables; they examined three mu
rine fibrosarcomas with different degrees of immunogenicity for their me
tastatic activity in normal, immunosuppressed and sham-suppressed mice, 
and in immunosuppressed mice whose immunity was reconstituted imme
diately prior to the studies. A highly immunogenic fibrosarcoma grew local
ly and formed more pulmonary tumor colonies in immunosuppressed mice 
than in normal, sham-suppressed, or reconstituted animals. A fibrosarcoma 
of intermediate immunogenicity grew locally and also formed more pul
monary metastases in immunosuppressed recipients, but this increase could 
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not be reversed by reconstitution with lymphocytes from normal mice. In 
contrast, the third and least immunogenic fibrosarcoma produced fewer pul
monary tumor colonies in immunosuppressed mice than it did in normal, 
sham-suppressed, or immunoreconstituted mice. Thus, even under relative
ly uniform laboratory conditions, the influence of the immune system on 
experimental cancer metastasis varied for the three syngeneic tumors. These 
data demonstrate that tumor immunogenicity is an important factor in the 
relationship between host immunity and tumor dissemination but that no 
generalizations about this relationship can be drawn from a single tumor 
system [39]. 

The interaction of circulating metastatic tumor cells with host tumoricidal 
factors represents a highly selective process and the subsequent growth of 
metastatic cells into visible foci is the end-point of many destructive events 
which few tumor cells survive. 

2. BIOLOGIC HETEROGENEITY OF MALIGNANT NEOPLASMS AND 
IMPLICA nONS FOR HOST RESISTANCE AGAINST TUMORS 

There is now a large body of data to indicate that at the time of diagnosis. 
malignant neoplasms are heterogeneous and contain cells with diverse phe
notypic characteristics such as antigenicity and/or immunogcnicity [40- 57]. 
growth rate [58-62], protein production [63-65], karyotypes [66-72], cell 
surface receptors [73-76], hormone receptors [77-81], response to a variety 
of cytotoxic drugs [82-95], and metastatic potential [96-101]. The recogni
tion that malignant neoplasms are composed of cells with diverse biologic 
behaviors has initiated studies into the nature of this heterogeneity and its 
implications for therapy. 

Heterogeneity in sensitivity to cytotoxic drugs exists among tumor cell 
subpopulations populating primary neoplasms. Cells isolated from a rat 
hepatocellular carcinoma [90], a methylcholanthrene-induced murine sarco
ma [84], and a murine mammary tumor [89] have been shown to have 
different in vitro and in vivo sensitivities to a variety of chemotherapeutic 
agents. These observations are not restricted to experimental tumor sys
tems. Various human neoplasms (such as melanoma [91], adenocarcinomas 
isolated from colon [102], stomach [86], breast [91], and ovary [94], and 
lymphoma [103]) also have been shown to be heterogeneous for drug res
ponse. Moreover, even within the same patient, different metastases can 
exhibit different susceptibilities to chemotherapeutic agents [95]. The emer
gence of drug-resistant tumor cell variants in clinical oncology is well docu-

mented. For example, small-cell carcinoma of the lung is usually initially 
sensitive to chemotherapy with or without radiotherapy. In contrast, recur-
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Table 1. Immunomodulators capable of activating tumoricidal properties in mononuclear 
phagocytes. 

Agent 

Endotoxin, lipopolysaccharide, lipid A 
ds RNA (synthetic or viral origin) 
Aggregated IgG, immune complexes 
Lysolecithin analogs 
Chronic infection of host with bacteria, protozoa, nematodes 
Maleic anhydride divinyl ether 
Muramyl dipeptide (MDP) 
y-Interferon 
Lymphokines 

Specific macrophage-arming factor (SMAF) 
Macrophage-activating factor (MAF) 

Reference(s) 

106-110 
106 
111 
112,113 
114-116 
II 7, 118 
119-121 
110, 122, 123 

7,8,124 
107, 109, 110, 
123, 125-127 

rences, which are a common feature of this neoplasm, are resistant to che
motherapy regardless of the magnitude of the initial response to thera
py [104,105]. 

Antigenic and/or immunogenic heterogeneity of tumor cells also presents 
problems for treatment of metastasis. Analysis of several AKR murine leu
kemias demonstrated that these tumors were immunologically polyclon
al [57]. Immunization of tumor-bearing animals with a vaccine prepared 
from the original tumor proved unsuccessful because only the dominant 
population was rejected, allowing the minor subpopulation to proliferate. 
The minor subpopulation(s) in the vaccine did not offer a significant immu
nologic challenge for stimulation [57]. Because tumor cell variants resistant 
to chemotherapy and/or immunotherapy can proliferate unchecked follow
ing the destruction of the sensitive populations, the successful treatment of 
metastases will be one that can circumvent the problem of cellular diversity 
and that does not induce resistance. 

3. IN VITRO INTERACTION OF TUMORICIDAL MONONUCLEAR PHAGOCYTES 
WITH TARGET CELLS 

Although tumor cell popUlations are heterogeneous with regard to many 
characteristics, they appear to be susceptible to destruction by activated 
(tumoricidal) macrophages. Mononuclear phagocytes can be activated to the 
tumoricidal state by various natural and synthetic materials as summarized 
in Table 1. The cellular and molecular processes by which a normal, non
tumoricidal macrophage is rendered tumoricidal are now receiving wide 
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attention and will not be discussed here. Current concepts of macrophage 
activation suggest that a series of phenotypic alterations accompanying acti
vation are acquired in a stepwise fashion, culminating in the development 
of tumoricidal activities. The rate of the appearance and/or loss of specific 
phenotypic alterations depends on the nature and duration of activating 
factors [107,128,129]. 

Activated macrophages acquire the ability to recognize and destroy neo
plastic cells while leaving nonneoplastic cells unharmed [130, 132]. The sus
ceptibility of tumor cells to destruction by tumoricidal macrophages is inde
pendent of the in vivo biological behavior of the tumor cell. Melanoma 
variant cell lines that have a low or high metastatic potential, that have 
invasive or noninvasive characteristics, and that are either susceptible or 
resistant to lysis mediated by syngeneic T -cells are lysed in vitro by lympho
kine-activated macrophages [132]. Similarly, several cloned cell lines that 
were isolated from a murine fibrosarcoma induced by ultraviolet (UV) 
radiation and that vary in their degree of immunogeneicity and/or invasive 
and metastatic potential in vivo [52] are all susceptible to destruction in vitro 
by tumoricidal macrophages [99]. The nature of target cell susceptibility to 
destruction by activated macrophages has also been examined with virus
transformed cell lines in which various characteristics of the transformed 
phenotype are temperature dependent [133]. These studies demonstrated 
that the tumor cells were lysed by macrophages regardless of whether they 
expressed cell surface LETS protein or Forssman antigens, displayed surface 
charges that permitted agglutination by low doses of plant lectins, expressed 
SV -40 T antigen, had a low saturation density, or exhibited density-depen
dent inhibition of DNA synthesis [133]. Moreover, recent attempts to select 
in vitro tumor cell variant lines that are resistant to macrophage-mediated 
lysis have proved unsuccessful [134]; the techniques were similar to those 
used previously to successfully select tumor cell lines resistant to lysis by 
syngeneic T lymphocytes [46] or natural killer cells [12]. Recently we at
tempted to select for macrophage-resistant tumor variants using II mouse 
tumors of different histologic classification, etiology, and histocompatibility. 
Despite rigorous selection pressures we were unable to isolate macrophage
resistant tumor cell populations. 

Much of our knowledge regarding the mechanism(s) by which mononu
clear phagocytes destroy susceptible target cells has been obtained from a 
variety of in vitro assays, including light microscopy [135], inhibition of 
tumor growth (cytostasis) [136-138], cleared zones of tumor cell mono
layers [115, 139], release of radioactive labels from target cells [140-142], 
cinemicrographic analysis [143], and sequential scanning and transmission 
electron microscopy [144]. Morphologic studies of the interaction of murine 
macrophages with susceptible target cells suggested to Hibbs that a direct 
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macrophage-target cell contact involving the transfer of lysosomal enzymes 
is responsible for target lysis [130, 145]. Evidence 10 support this concept 
was provided by the ultrastructural studies of a guinea pig system reported 
by Bucana et al. [144]. Tumor cell destruction by syngeneic peritoneal 
macrophages stimulated by bacillus Calmette-Guerin was associated with 
direct exocytosis of lysosomes from macrophages followed by lysosome 
endocytosis by the target cells. Both Hibbs [130] and Bucana et al. [144] 
emphasized that destabilization of the target cell membrane constitutes an 
integral step of the cytolytic process. In studies with murine peritoneal 
macrophages activated by Corynebacterium parvum, Puvion et al. [146] 
observed that lysosomes of activated macrophages disappear following con
tact with target cells. Moreover, the contact zone was characterized by an 
alteration in membrane enzyme localization. Macrophage-mediated cyto
toxicity in vitro does not always correlate with the transfer of lysosomes and 
destabilization of the target cell membrane. Miller et al. examined murine 
peritoneal macrophages treated with perfluorochemicals and did not find 
evidence for the transfer of lysosomes from the activated macrophage into 
the target cell or alterations in the structure of adjacent macrophage-tumor 
membranes [147]. Another potential mechanism of macrophage-mediated 
tumor cell cytotoxicity following cell-cell interaction was suggested by the 
findings of Kaplan et al. [148]. Lewis lung carcinoma cells were found to 
undergo a reductive cell division in the absence of DNA synthesis following 
interaction with murine macrophages activated by C. parvum, suggesting 
that this aberrant division may be related to the lethal event mediated by 
activated macrophages. 

Not all investigators agree that direct cell-to-cell contact is mandatory for 
destruction of target cells by macrophages. The release of soluble macro
phage secretory products at contact sites with their targets has been pro
posed as one mechanism of target lysis [149 -151]. Other agents thought to 
be involved in lysis of target cells include toxins released by macro
phages [152-154], the third component of complement (C3a)[155], tumor 
cell growth inhibitory products such as excess thymidine [156], hydrogen 
peroxide [157, 158], and heat-labile neutral serine proteases[159, 160]. Al
though the exact mechanism(s) by which macrophages recognize and kill 
tumor cells is still unclear, most investigators do agree that, at least in vitro, 
activated macrophages discriminate between tumorigenic and nontumorig
enic cells. 

4. INVOLVEMENT OF THE MONONUCLEAR PHAGOCYTE SYSTEM IN 
CARCINOGENESIS AND PROGRESSION OF CANCER 

Functions of the mononuclear phagocyte system in the maintenance of 



Table 2. The role of mononuclear phagocytes in maintenance of homeostasis. 

Function 

Erythrophagocytosis 
Iron metabolism 
Lipid metabolism 
Secretory products involved in inflammatory 

and immunologic cascades 
Inflammatory response 

Phagocytosis of senescent cells 
Wound healing 
Remodeling of tissue 

Immunologic response 
Catabolism of antigen that prevents induction of tolerance 
Presentation of antigen in highly immunogenic 

form to lymphocytes 
Mediator of T -B lymphocyte interaction 

Host defense against bacterial, fungal, and parasitic infection 
Host defense against neoplasia 

Reference(s) 

161 
162 
163 

164 
165,166 

165-167 

165, 166 
168,169 
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homeostasis have been identified by various investigators, as summarized 
in Table 2. The most recognized physiologic role of macrophages is the 
clearance and catabolism of debris, which include effete red blood cells 
(erythrophagocytosis). In the latter process, hemoglobin is converted to an 
iron-free pigment, which is subsequently utilized in erythropoiesis. Macro
phages are, therefore, involved in the controlled recycling of iron. In addi
tion, the macrophage contains several esterases which are involved in the 
metabolism of lipids and the dissolution of atheromas. When host homeos
tatic mechanisms are stressed, the mononuclear phagocyte system can par
ticipate in complex interactions that involve cellular and humoral aspects of 
the inflammatory and immunologic response. In this regard, the macro
phage is recognized as an important component of host defense against 
bacterial, fungal, and parasitic infections. Mononuclear phagocytes also 
affect the pathogenesis and development of neoplasms. 

The mononuclear phagocyte may provide surveillance in the detection 
and destruction of neoplastic cells [170, 171]. Using tumor systems of rab
bits, Lurie [172] noticed that the incidence of uterine cancer, dependent on 
age and strain, was parallel to the natural resistance to infection by tuber
culosis (the most resistant strain having the lowest incidence of cancer). In 
addition, the resistance of the rabbits to tuberculosis was directly related to 
the bactericidal capacity of their mononuclear phagocytic system. These 
studies suggested a correlation between the activity of the phagocytes and 
the observed resistance to neoplasia. Studies by Droller and Remington 
supported this concept [173]. In their investigations, mice infected with the 
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intracellular protozoa Toxoplasma gondii were more resistant to viral in
duction of neoplasms and to tumors resulting from the transplantation of 
syngeneic tumor cells. The macrophages harvested from the protozoa
infected mice were cytotoxic in vitro to the transplanted tumor cells [173]. 
The importance of macrophages in carcinogenesis was revealed from studies 
by Norbury and Kripke [174], who determined whether treatment of mice 
with either a macrophage stimulant (pyran copolymer) or macrophage tox
ins (trypan blue or silica) would influence the latency and/or incidence of 
skin carcinogenesis induced by UV radiation. Treatment of mice with pyran 
copolymer lengthened the latent period of tumor development and reduced 
the incidence and number of the skin tumors that resulted from suboptimal 
exposures to UV radiation. Conversely, treatment of mice with macrophage 
toxins shortened the latent period for induction of skin cancer by UV radia
tion. Similarly, in transplantable tumor systems, the impairment of macro
phage function by agents such as carrageenan or silica was found to be 
associated with an increase in the incidence of spontaneous [175, 176] and 
experimental metastases [177]. There are also several reports regarding the 
efficacy of macrophages in the inhibition of metastasis. In an adoptive 
transfer study, intravenous injections of syngeneic murine macrophages that 
had been rendered tumoricidal by in vivo or in vitro manipulation reduced 
the incidence of experimental metastasis of the B16 melanoma [178]; simi
larly activated macrophages have also been shown to eradicate metastases 
in two other murine tumor systems [179, 180]. In vitro activated murine 
macrophages also were shown to inhibit the growth of tumors at primary 
sites [181]. 

Progressively growing tumors can induce several alterations in macro
phage function, such as enhanced carbon clearance in vivo [182, 183], in
creased expression of monocyte Fc receptors [184, 185], suppressed migra
tion of macrophages into the peritoneal cavity or the site of subcutaneously 
growing tumors, and suppressed chemotactic response of macrophages in 
these sites [186-191]. In this context, Sone and Fidler recently investigated 
whether the presence of progressively growing metastases in lung parenchy
ma of rats influenced the number and function of lung macrophages [192]. 
The presence of pulmonary metastases (produced by a syngeneic mammary 
adenocarcinoma) did not result in a decrease in the number of lung macro
phages, and the macrophages harvested from tumor-bearing rats were func
tionally intact. Furthermore, the macro phages sharvested from rats with 
metastases could be rendered cytotoxic to syngeneic tumor cells in response 
to activation stimuli administered in vitro or in vivo. Such findings suggest 
that the presence of a large number of tumor cells in organ parenchyma 
need not interfere with the function of macrophages in that organ. 

Although the presence of macrophages at the periphery of and within 
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neoplasms is well recognized, their exact role in the tumors is unclear. Dif
ferences in the cytotoxic activity of macrophages isolated from nonmetasta
sizing and metastasizing tumors have been reported. Mononuclear phago
cytes isolated from a nonmetastatic sarcoma demonstrated cytotoxicity in 
vitro [193]. In contrast, intratumoral macro phages of a weakly immunogen
ic, nonmetastasizing tumor were not demonstrably cytotoxic. Similar data 
have been reported for progressing and regressing m urine sarcomas [194] . 
Macrophage-mediated cytotoxicity in vitro could not always be correlated 
with the in vivo behavior of the tumor from which the macrophages were 
isolated [195]. 

Eccles and Alexander [196, 197] found that the macrophage content of six 
carcinogen-induced rat fibrosarcomas correlated directly with their immu
nogenicity and inversely with their metastatic potential, suggesting that 
some tumors are nonmetastatic because they contain high numbers of 
macrophages. However, this is not generally true of other tumors. We 
recently examined the macrophage content of 16 different rodent tumors 
and did not find a correlation between the extent of macrophage infiltration 
into neoplasms and the metastatic behavior of the tumors [198]. Moreover, 
we did not find a correlation between the macrophage content of UV
radiation-induced murine fibrosarcomas growing in normal or immunosup
pressed syngeneic mice and the immunogenic potential of the tumors. 

Several factors in influence the extent of macrophage infiltration into 
tumors. One factor, tumor cell immunogenicity, was not correlated with 
macrophage content in our study. This observation is in agreement with 
studies by Evans and coworkers [199, 200], who examined the macrophage 
content of 33 different methylcholanthrene-induced murine fibrosarcomas 
and rhabdomyosarcomas and concluded that there was no relationship 
between macrophage content and the immunogenicity of the tumors. The 
factors influencing macrophage infiltration into tumors are poorly under
stood, but both immune and nonimmune factors are clearly involved [200] . 
In fact, many tumors appear to be nonimmunogenic under conditions of 
progressive growth, and in these tumors, macrophage infiltration may de
pend more on nonimmunologic factors such as inflammation and necro
sis [201]. 

Whether tumors regress or progress is apparently determined by the 
degree to which tumoricidal activity of macrophages is generated in situ, 
rather than by the number of macrophages within the tumor [194]. This 
finding could explain why progressively growing spontaneous metastases 
often contain as many macrophages as or more macrophages than the par
ent tumor [202]. Two recent independent studies reported that the macro
phage content of pooled metastases was similar to that of primary tu
mors [203] and that the metastases were not resistant to macrophage
mediated lysis [204]. 
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Clearly, the role of the mononuclear phagocyte system in metastasis var
ies for different tumors and does not correlate with tumor cell immunoge
nicity and/or metastatic properties. In some tumors, numerous infiltrating 
macrophages can inhibit metastasis, but the absence of macrophages in a 
benign neoplasm will not lead to metastasis. The absence of macrophages is 
unlikely to compensate for inability of tumor cells to invade the host stroma 
and enter the circulation to produce distant growths. Therefore, neoplasms 
with low macrophage content may or may not be metastatic, as demon
strated in studies in which nonmetastatic clones isolated from a highly 
metastatic neoplasm also exhibited low macrophage content when growing 
subcutaneously [202]. 

5. MANIPULATIONS OF THE MONONUCLEAR PHAGOCYTE SYSTEM FOR 
TREATMENT OF METASTASES 

As discussed in the previous section, the intravenous injection of nonspe
cifically activated mononuclear phagocytes into mice bearing metastases has 
been shown to inhibit tumor growth both in the primary site [181] and in 
metastases [178 -180]; therefore, intravenous administration of activated 
macrophages might be useful in augmenting host resistance to disseminated 

neoplastic disease. For clinical use, however, this strategy has two serious 
shortcomings: it requires the transfusion of a large number of histocompa
tible or autologous macrophages, and most intravenously injected macro
phages are likely to become arrested in the capillary bed of the lung and not 
reach other relevant sites. A more promising approach is to develop me
thods whereby autologous macrophages can be activated in situ. . 

One of the major pathways for macrophage activation in vivo is believed 
to result from the action of the Iymphokine component (macrophage-acti
vating factor [MAF]) released from sensitized lymphocytes (Table 1). Ther
apeutic use of MAF is hindered by the lack of purified preparations of this 
mediator, and efforts to activate the tumoricidal properties of macro phages 
in vivo by parenteral injection of crude preparations of lymphokines have 
proved unsuccessful. Injection of lymphokines into skin [205] or skin tu
mors [206, 207] provoked local inflammatory reactions and histologic 
changes suggestive of macrophage activation that resulted in the regression 
of small cutaneous tumors; however, systemic activation of macrophages is 
more difficult for several reasons: (1) Lymphokines injected into the venous 
circulation have a short half-life, probably because they bind with plasma 
proteins [208]. (2) Only a small fraction of the mononuclear phagocyte sys
tem may be capable of responding to MAE (3) Macrophages can be acti
vated by lymphokines only within a relatively short period following their 
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emigration into tissues from the circulation [208]. (4) The tumoricidal pro
perties of macrophages are short-lived (2-3 days), and macrophages are 
refractory to reactivation by lymphokines [208]. 

A second major pathway for the activation of macrophages in vivo 
involves their direct interaction with microorganisms and/or their products. 
Because such biologic agents often cause undesirable side effects, such as 
granuloma formation and allergic reactions [209], it is preferable to use syn
thetic compounds that are relatively nontoxic yet possess immune-poten
tiating activity to activate macrophages in vivo. N-acetylmuramyl-L-alanyI
D-isoglutamine (muramyl dipeptide [MDP]) is the minimum structural unit 
(mw 492) with immune-potentiating activity that can replace mycobacteria 
in Freund's complete adjuvant. MDP influences many macrophage func
tions including cytotoxic activity [210- 211]; however, following parenteral 
administration, this water-soluble agent is rapidly cleared « 60 minutes) 
from the body and excreted in the urine [212], which limits its therapeutic 
potential. We recently showed [213-215] that the phagocytic uptake by 
macrophages of Ii po somes (concentric phospholipid vesicles separated by 
aqueous compartments) containing MDP produces highly efficient activa
tion of rodent macrophages. Most liposomes injected intravenously are tak
en up by cells of the reticuloendothelial system. This 'passive targeting' of 
liposomes to macrophages offers a means of enhancing uptake of therapeut
ic agents that stimulate macrophage activity. Furthermore, liposomes are 
nonimmunogenic and do not elicit allergic reactions commonly associated 
with the systemic administration of other immune adjuvants [2 I 6]. 

We have demonstrated that both lymphokines [208,213-215,217-224] 
and MDP [121, 222, 223] when encapsulated in liposomes are highly effec
tive in activating macrophages in vitro and in vivo. Dose-response measure
ments indicate that liposome-encapsulated preparations of these agents 
induce maximum activation of tumoricidal properties in macrophages at 
significantly lower doses than that needed for equivalent activation by the 
nonencapsulated (free) preparation. Activation of liposomes to the tumori
cidal state requires phagocytic uptake of liposomes; this is followed by an 
undefined lag period before cytotoxic activity is expressed [218]. Participa
tion of macrophage surface receptors is not required, suggesting that activa
tion results from the interaction of MAF or MDP with an intracellular tar
get(s). Unlike activation by free MAF, which requires binding of MAF to a 
fucoglycolipid receptor on the macrophage surface [224], liposome-encapsu
lated MAF can activate macrophages that lack functional receptors for 
MAF [213]. Moreover, liposome-encapsulated MAF can induce activation 
of subpopulations of tissue macrophages and intra tumoral macro
phages [208, 213] that are completely refractory to activation by free 
MAF. 
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These findings raised the possibility that macrophage-activating agents 
encapsulated within liposomes could be similarly efficient in activating 
mononuclear phagocytes in vivo and provide a therapeutic modality for 
enhancing host resistance against metastases. To test this possibility, we 
inoculated mice bearing spontaneous pulmonary metastases intravenously 
with either MAF or MDP encapsulated within multi lamellar liposomes 
composed of phosphatidylcholine and phosphatidylserine. This type of lipo
some was chosen for several reasons. First, studies of body distribution of 
liposomes of different size and phospholipid composition demonstrated that 
these negatively charged liposomes localize and are retained in the lungs (in 
addition to organs rich with reticuloendothelial cell activity) [215]. Second, 
toxicity studies in which these liposomes containing MAF were injected 
intravenously into mice or beagle dogs revealed no adverse reactions in 
recipient animals even after repeated injections [219]. Finally, another study 
has shown that intravenous injection of these liposomes activates murine or 
rat lung macrophages to become tumoricidal [214]. 

In our studies, multiple intravenous injections of liposome-encapsulated 
MOP, but not free MDP or controlliposome preparations, eradicated spon
taneous visceral metastases in C57BLl6 mice from which a syngeneic mela
noma had been surgically removed. At the start of therapy, the metastatic 
tumor burden in the lungs and lymph nodes may have exceeded a total
body burden of 107 cells. Nonetheless, 65 % of mice treated with liposome
encapsulated MDP and 70% of mice treated with liposomes containing 
MAF survived at least 200 days. The tumor burden in these successfully 
treated mice was probably reduced to fewer than 10 viable cells, as evi
denced by their survival of more than 40 days, which is the median life span 
of mice implanted with 10 viable B 16 cells [225]. Thus, the intravenous 
injection of liposomes containing macrophage-activating agents brought 
about the complete regression of established pulmonary and lymph node 
metastases. 

The mechanism(s) responsible for the regression of established metastases 
after the systemic administration of liposomes containing MAF or MDP 
probably involved the activation of macrophages to become tumoricidal. 
Several lines of evidence tend to support this conclusion. First, administra
tion of macrophage-activating agents encapsulated within liposomes that are 
not retained in the lung fails to activate lung macrophages and there is no 
regression of lung metastases [220]. Second, the pretreatment of tumor
bearing animals with agents that are toxic for macrophages (silica, carra
geenan, hyperchlorinated drinking water) before systemic therapy with lipo
some-encapsulated lymphokines or MOP abrogates the response to lipo
some therapy and such animals rapidly die of metastatic disease [220]. 
Third, systemic activation of macrophages by liposome-encapsulated MDP 
can be accomplished in athymic nude mice, eliminating the possibility that 
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T lymphocytes are the effector cells [222]. Finally, intravenous injection of 
macrophages activated in vitro by incubation with liposomes containing 
MAF or MDP produces a reduction in metastatic burden comparable to 
that achieved by systemic administration of liposome-encapsulated activa
tors [220]. 

6. SUMMARY AND CONCLUSIONS 

The emergence of metastases that are resistant to conventional therapy 
could be the major reason for the failure to treat cancer metastasis. Tumors 
are heterogeneous with regard to many characteristics, including metastatic 
potential, and the proliferation of a minor subpopulation of cells within the 
primary tumor could cause treatment-resistant metastases to emerge; there
fore, the successful approach to destruction of metastases will be one that 
circumvents tumor cell heterogeneity and also against which resistance is 
unlikely to develop. 

At least in vitro, appropriately activated macro phages appear able to 
recognize and destroy any neoplastic cells regardless of their different char
acteristics. Moreover, cells do not appear to develop resistance to macro
phage-mediated cytotoxicity. A significant effort is now under way in many 
laboratories to develop effective agents that will stimulate the antitumor 
activities of macrophages. Liposomes offer a most suitable carrier system 
for delivering agents to macrophages in vivo. When injected intravenously, 
the majority of liposomes are taken by phagocytic reticuloendothelial cells 
in the liver and spleen and by circulating monocytes. This provides a highly 
effective mechanism for 'targeting', albeit passively, of liposome-encapsu
lated materials to macrophages. We have exploited this mechanism to 
deliver lymphokines and/or synthetic MDP to macrophages in situ. Intrav
enous administration of lymphokines or MDP encapsulated in multilamel
lar liposomes activates macro phages in vivo and augments host resistance to 
metastases. No beneficial effects are obtained with the same materials 
administered in unencapsulated form. The enhanced destruction of esta
blished metastases produced by therapy with liposome-encapsulated macro
phage activation agents is mediated via activated macrophages. Treatments 
that impair macrophage activity abrogate the response to liposome admin
istrations. Neither functional T lymphocytes nor NK cells are necessary for 
stimulation of host antitumor responses by liposome-encapsulated lympho
kines or MDP. 

Not all mice treated with intravenous injections of liposomes containing 
MDP survived; however, the metastases of treatment-failure animals are 
not populated by macrophage-resistant tumor cells, indicating that macro-
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phage activation could overcome the fundamental problem of phenotypic 
heterogeneity among tumor cells. However, regardless of their state of acti
vation, macrophage destruction of large tumor burden is not feasible. Thus, 
the most likely role for tumoricidal macrophages is in the destruction of 
micrometastases and/or the few tumor cells that remain after treatment with 
conventional adjuvant therapies such as chemotherapy. 
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3. Specific Antitumor Immunity 
and its Role in Host Resistance to Tumors 

ROBERT W. BALDWIN 

1. INTRODUCTION 

The repertoire of tumors in which there is conclusive evidence for the 
expression of antigens which can be manipulated to produce tumor rejection 
responses has grown considerably since the early studies reported some 25 
to 30 years ago with 3-methylcholanthrene (MCA)-induced rodent sarco
mas [1-3]. It now includes tumors of many types such as carcinomas and 
sarcomas induced with a broad spectrum of chemical carcinogens [4] many 
of these belonging to the classes (polycyclic hydrocarbons, nitrosamines, 
aromatic amines and aminoazo dyes) which are known, or suspected to be, 
human carcinogens [5]. Rodent tumors induced with DNA- and RNA-con
taining viruses also express antigens able to induce tumour rejection res
ponses in the host [6, 7]. 

Faced with this wealth of evidence from rodent tumor studies, that the 
adaptive immune system can respond to tumors, it is not surprising that 
many attempts have been made, and continue to be made, to introduce 
specific immunotherapy for cancer treatment [8]. To date there is little evi
dence to suggest that these approaches have been successful and it is now 
evident that clinical immunotherapy trials were introduced far too prema
turely. Basically, there are a number of conditions which must be fulfilled 
before manipulation of host immune responses can be considered as a real
istic approach to therapy. Foremost of these, it must be conclusively shown 
that human tumors are specifically recognised by the host's immune system 
and procedures for enhancing immune responses are effective. The int1uence 
of immunostimulation, either specifically or non-specifically in a patient 
who already may have responded immunologically to a developing tumor 
must also be taken into consideration since these responses may function to 
'down-regulate' antitumor immunity. Finally, the pathways whereby anti
body and sensitized lymphocytes are generated following recognition of 
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tumor-associated antigens and the mechanisms involved in eliciting anti
tumor responses needs to be defined. 

2. SPECIFIC IMMUNE RECOGNITION OF MALIGNANT CELLS 

For a tumor to generate specifically sensitized lymphocytes and/or initiate 
antibody production, it must express antigens which are immunogenic in 
the host. This requirement is met by many experimental animal tumors 
induced by chemical carcinogens or oncogenic viruses. Tumors induced by 
DNA- or RNA-containing viruses may express an array of plasma mem
brane associated antigens [6, 7]. This is reflected in the specificity of im
munity elicited to these tumors which is 'virus-related' although not simply 
due to viral antigens. These characteristics basically differentiate virus
induced tumors from carcinogen-induced tumors where tumor-associated 
antigens exhibit a high degree of polymorphism so that tumors appear to 
express individually-distinct antigens [4]. There is still, however, little 
known about the nature of the antigens expressed upon carcinogen-induced 
tumors. It has been argued that one set of tumor specific antigens on MCA
induced murine sarcomas is retrovirus-derived, being carried on the envel
ope protein of gp70. According to this hypothesis the tumor antigens prob
ably arise by the recombination events that yield diverse gp70s of the MCF 
viruses [9]. This intriguing hypothesis remains to be evaluated with other 
tumors and it is by no means the only mechanism proposed to account for 
neoantigen expression in carcinogen transformed cells, one view being that 
they represent mutation products [4, 10]. 

In contradistinction to the findings with many rodent tumors induced 
with chemical carcinogens or oncogenic viruses, naturally arising (sponta
neous) tumors are less frequently able to elicit tumor rejection reac
tions [11,12]. These findings have been used to argue that many, if not all, 
of the experimental animal tumors are irrelevant in relation to human canc
er [11]. It is not true, however, that all tumors lack immunogenicity as 
defined by their capacity to induce resistance in normal immunocompetent 
hosts against a challenge with viable tumor cells at doses sufficient to pro
duce progressively growing tumor in controls. It was established more than 
12 years ago in experiments showing that a number of naturally arising rat 
mammary carcinomas were immunogenic [13]. Since then the total number 
of 'spontaneous' tumors studied has increased to 44 and of these 7 had 
demonstrable immunogenicity [12]. Clearly, however, the majority of the 
tumors were not immunogenic and this finding must be borne in mind in 
considering specific immunotherapy of human cancer. In this context it 
must also be recognized that all carcinogen-induced tumors are not immu-
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nogenic. For example, about 70 % of sarcomas induced in W AB/Not rats 
with doses of MeA ranging from 1 to 10 mg and almost all the aminoazo 
dye induced hepatocellular carcinomas have proved to be immunogen
ic [14]. In contrast, the frequency of immunogenic hepatocellular carcino
mas, ear duct carcinomas and mammary carcinomas induced with N-2-
fluorenylacetamide FAA in WAB/Not rats was quite low [15]. For example 
only 2 of 11 FAA-induced mammary carcinomas were able to induce tumor 
immunity [16]. 

These findings indicate that the distinction drawn between non-immu
nogenic 'spontaneous' tumors and the immunogenicity of tumors induced 
by carcinogens or oncogenic viruses, is too extreme. Basically animal studies 
show that some tumors do express tumor rejection antigens and other do 
not. This may be because the antigens were never expressed or they may 
have been selected against during tumor progression leading to 'deletion' or 
'masking'. 

Some of the non-immunogenic murine tumors used in arguments on the 
relevance of animal tumors to human cancer [11] have been shown to yield 
stable tumor cell variants expressing tumor rejection antigens following 
exposure to potent mutagens [17]. For example, applying this technique to a 
'non-immunogenic' murine thymic leukaemia yielded variants which con
ferred protection against the original tumor. These variants arose with a 
frequency far greater than that expected from mutational events so that the 
mutagen treatment may reverse a process of tumor antigen modulation [18]. 
This is but one example of a condition whereby tumor antigens may 
become' silent' through immunomodulation [19]. 

However, one may conclude from the many studies with rodent tumors 
that the frequency of expression of antigens which can be manipulated to 
induce immune rejection responses is quite variable. Quite clearly tumors 
induced by extrinsic agents are more frequently more immunogenic than 
those arising naturally. This implies that tests for measuring this character
istic are necessary before embarking upon specific immunotherapy. With 
animal tumors this can be established to some extent by studying the rejec
tion of tumor transplanted into syngeneic recipients. But there is as yet no 
satisfactory in vitro correlate which can be used for defining the immunoge
nicity and immunosensitivity of tumors. 

3. GENERATION OF ANTI-TUMOR IMMUNITY 

Augmentation of immune responses to tumor-associated antigens is po
tentially one of the most effective ways for manipulating the tumor-host 
relationship in therapy. But, this approach must take into consideration the 



110 

<l> 
U 
C 

6/6 

5/6 

~ 4/6 
'u 
c 

.... 3/6 
::J 
o 
E 
~ 2/6 

116 

Dl92A 

LNC: Tumour eell 
100 : 1 

LN Sen sit Me7 - DI92A Mel - DI92A 
. + + + + 

by :- BeG BeG BeG BeG 

Figure 1. Inhibition of growth of rat hepatoma D 192A and sarcoma Mc7 by lumbar lymph node 
cells from WAB/Not rats immunized by intramuscular inoculation of tumor cells admixed with 
BCG (Glaxo percutaneous vaccine). Lymph node cells (LNC) from tumor immune donors 
mixed with tumor cells at a ratio of 100: I were inoculated intramuscularly into normal reci
pients and tumor growth assayed in comparison with rats receiving tumor cells alone. Growth of 
hepatoma DI92A was suppressed by LNC from rats immune to this tumor but not sarcoma 
Mc7-immune rats. Conversely LNC from sarcoma Mc7-immune donors suppressed sarcoma 
Mc7 but not hepatoma D192A. 

complex tumor-host interactions elicited by a developing tumor which 
broadly tend to down-regulate anti-tumor responses [20-24]. Added to this, 
therapy by surgery, radiotherapy and chemotherapy all induce some degree 
of immunosuppression. Furthermore, there is now considerable evidence to 
support the view that tumors may contain heterogeneous populations of 
tumor cells even expressing distinct tumor antigens [25 - 29] and this could 
prove an obstacle in developing immunotherapy for the treatment of recur
rent or metastatic disease. 

3.1 Effector cells involved in tumor recognition 
A role for specifically sensitized T lymphocytes in tumor rejection was 

originally deduced from studies with many rodent tumors showing that 
immunity could not be induced to transplanted tumors following immuni
zation of recipients deprived of T cells by thymectomy, whole body irradia
tion and reconstitution with T cell-depleted bone marrow cells. Also, immu
nization of congenitally athymic mice does not lead to the development of a 
tumor-specific immune response [29]. 
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Figure 2. (bottom) Influence of lymphadenectomy on the inhibition of intramuscular growth of 
hepatoma DI92A following stimulation of a tumor-specific immune response by a contralateral 
intramuscular inoculation of a vaccine containing viable hepatoma D 192A cells together with 
BCG. Excision of the lymph node draining the vaccine (D 192A cells + BeG) within 7 days 
abrogated the development of tumor immunity and the contralateral challenge with hepatoma 
D I92A developed in almost all rats. Furthermore the hepatoma 0 192A cells admixed with BeG 
for immunostimulation also produced whereas tumor cells in this type of vaccine are normally 
suppressed (see below). (Top) Excision of the lymph node draining the site ofhcpatoma DI92A 
challenge had no significant effect upon the development of tumor immunity to hepatoma 
D I92A. In these experiments the challenge inoculum was rejected in most rats. Moreover, the 
mixed tumor cell-BCG vaccine only produced tumors in one rat whereas (as shown in the top 
figure) this vaccine produced actively growing tumors when the vaccine draining lymph node 
was excised. 

Adoptive transfer experiments have also been used to demonstrate the 
requirement of specifically sensitized lymphocytes in tumor rejection. This 
is illustrated by the experiments summarized in Figure 1 showing that lum
bar lymph node cells draining an intramuscular challenge of viable hepato
ma D192A cells together with BeG suppressed growth of this tumor when 
transferred to normal immunocompetent W AB/Not rats in admixture with 
tumor cells. Hepatoma DI92A-stimulated effector cells were ineffective 
against an immunologically unrelated tumor (sarcoma Mc7) and conversely 
lymph node cells sensitized to sarcoma Mc7 suppressed growth of this 
tumor, but not hepatoma D192A [30]. In agreement with these experi
ments, immunization of normal WAB/Not rats with hepatoma Dl92A
BeG vaccines generates a systemic immunity so that a contralateral chal
lenge with this tumor, but not others, is rejected. One interpretation of these 
experiments is that specifically sensitized lymphocytes generated by immu-
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nization with tumor-cell-containing vaccines function systemically perhaps 
with the capacity to localize in tumor deposits. In support of this, excision 
of the lymph node draining the tumor cell-BCG vaccine inoculation site 
abrogated the tumor immune response so that a contralateral challenge with 
hepatoma Dl92A cells produced tumours (Figure 2). In comparison, exci
sion of the lymph node draining the tumor challenge site had no effect upon 
the capacity of tumor cell-BCG vaccines at a contralateral site to elicit 
tumor immunity [30]. Inoculation of tumor cell vaccines, especially when 
incorporated with BCG, also results in the generation of activated macro
phages and augmentation of natural killer cells. So the responses obtained 
following immunization with hepatoma D192A-BCG vaccines could con
ceivably be due to the differential sensitivity of the rat tumors to NK cells 
or macrophages. This is not likely, however, since sarcoma Mc7 cells are 
more susceptible to NK cells than hepatoma D 192A [31] . 

3.2 Function of effector cells 
Numerous studies have established that cytotoxic T lymphocytes are gen

erated following immunological recognition of tumors and it has been con
cluded that these effector cells mediated tumor rejection [32-34]. It is now 
clear, however, that distinct subsets of T cells are involved in tumor cell 
recognition and in the mouse these can be phenotypically classified by their 
expression of Lyt differentiation antigens [35, 36]. Analysis of T cell subsets 
using these markers indicates in several systems that the Lyt I - 2 + cytolytic 
T cell is not primarily involved in anti-tumor responses [37 -39]. Instead, 
the functionally active cell in the Lyt 1 +2's- T cell (delayed type hypersen
sitivity effector cells, TDTH). This is illustrated by studies showing that Lyt 
1 + 2,3 - T cells derived from mice immune to sarcoma S 1509a suppressed 
growth of this tumor when injected in admixture with tumor cells (Winn 
assay) into normal mice. In comparison Lyt 1- ,2,3, + T cells were ineffective 
in Winn assays [39]. It was also concluded that the cytotoxic T cell was not 
the main effector cell mediating anti-tumor responses to Moloney virus
induced sarcomas in the rat [40, 41]. Expansion of spleen cells from rats in 
which the tumor had regressed by culturing together with Mitomycin C
inactivated-tumor cells generated a population which when injected intrav
enously into tumor-bearing rats produced tumor rejection. Fractionation of 
stimulated spleen cells in a fluorescence activated cell sorter following reac
tion with the anti-rat T cell monoclonal antibody W3125 yielded one pop
ulation (W3/25 positive) which was poorly cytotoxic in vitro for tumor cells, 
but induced tumor rejection when infused intravenously into tumor-bearing 
rats. Conversely, the W3/25 negative subset of splenic lymphocytes was 
cytotoxic in vitrc but produced slight enhancement rather than suppression 
of tumor growth [40]. 
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In addition to these two examples, there are several other reports showing 
that TDTH cells rather than cytotoxic cells are the effector cell predomi
nantly involved in the rejection of syngeneic tumor transplants. It is also 
pertinent to note that murine T cells mediating skin graft rejection in the 
mouse have been reported to be Lyt 1 + with the Lyt-2.3 + and Lyt-l,2,3 + 

cells being ineffective [42, 43). Also rejection of skin allografts in T cell 
deficient rats could be induced by injection of thoracic duct lymphocytes 
and this response was abolished by removal of the subset labelled by W3125 
monoclonal antibody [44). These findings again support the view that the 
ability to reject skin allografts in T cell deprived rats can be restored by 
injection of TDTH cells and that cytotoxic T cells have no discernible 
effect. 

These studies .on rejection of syngeneic tumor transplants and the related 
finding on skin and tumor allograft rejection strongly suggest that the cyto
toxic T cell identified by its effect in vitro on target tumor cells is not the 
main effector cell in vivo. Rather the T cell which generates an anti-tumor 
response has characteristics of a TDTH cell. 

I t 
TSTA NK, Mil" 

TARGET 
STRUCTURE 

IFN 

Figure 3. DIagrammatic representation of the function of sensitized T cells in mediating anti
tumor responses. Cytotoxic T cells may be generated which directly exert an anti-tumor res
ponse. Another T cell subset (TDTH) may release soluble factors (interleukins, interferon) fol
lowing target cell recognition. These factors may act upon tumor infiltrating macrophages lead
ing to activation to a state where they produce a direct (or indirect) effect upon tumor cells. 
TDTH-initiated factors may also augment tumor cytotoxicity of tumor infiltrating lymphocytes, 
ego via interferon production. These populations will include NK cells and also 'activated' T 
cells [48]. Activated lymphocytes may attack tumor cells indiscriminately or following recogni
tion of target cell structures (NKlMQ receptors ?). The other function of factors released follow
ing TDTH interaction with tumor antigens is to increase the infiltration of host cells (NK cells, 
macrophages, most cells) so enhancing the potential of in situ anti-tumor responses. 



114 

Table 1. The phenotype of rat lymphocytes producing T cell growth factor following mixed 
lymphocyte reaction (MLR). 

Proliferation of T cell blasts in 
Cell population used to the presence of supernatants 
generate MLR supernatants a (cpm3H thymidine incorporation) b 

Exp I Exp 2 Exp 3 

606±39 739±62 629±29 
Unfractioned spleen 3666±54 5292± 162 2621±19 
W3!25 - spleen 740±30 672± 101 470± I3 
W3!25 +spleen 6537±26 9412±83 4135±20 

1120±30 1035±22 893±22 
Un fractionated spleen 4958±60 4249±34 2337±89 
OX8-spleen 6621 ±82 6496±69 4715±71 
OX8 + spleen 987±39 1014±22 911±16 

544±67 621 ±22 NT 
U nfractioned spleen 2392±52 4453±54 NT 
W3/ 13-spleen 627±87 718±39 NT 
W3/ I3+spleen 2712± 77 4767± 79 NT 

a Irradiated WAB/KX F) lymph node cells were used as stimulators. Spleen cells separated into 
W3!25 + and W3!25 - antibody binding populations in the fluorescence activated cell sorter 
[45]. 

b The proliferation of T cell blasts was assessed over a 3 day culture period. Proliferative res
ponses from day 2 (maximal activity) are presented. 

The exact function of TDTH cells in mediating tumor rejection is not 
clear but it is likely that they promote activation and/or infiltration into 
tumors of non-specific effector cells including NK cells and macro
phages [23]. This could result from the release of soluble factors such as 
Iymphokines and interferon following tumor cell- TDTH interactions (Fig
ure 3). As shown in Table I, rat spleen cells cultured with semi-allogeneic 
lymphocytes generate growth promoting factors (TCGF) for T-cell blasts. 
The phenotype of the TVGF-producing cells assessed using antibody la
belled cell populations separated in the fluorescence activated cell sort
er[45] indicates that they are W3/ 25 and W3/ 13 positive. In additional 
experiments, the blocking effect of these antibodies on the production of 
TCGF in the mixed lymphocyte reaction was examined. These showed that 
addition of W3/25 antibody at the beginning, but not the end of an MLR, 
results in the loss ofTCGF activity in rat MLR-conditioned medium. Addi
tion of W3/ 13 and OX8 antibodies had no effect. Taken together these 
experiments indicate that the T cell Iymphokine is a product of W3125 + T 
cells. 
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The production of immune interferon (y-IFN) following antigen stimula
tion of sensitized T cell is well established but the role of T cell subsets has 
not been fully elucidated. In murine systems y-IFN appears to be a product 
of the Lyt 2,3 + T cell subset possibly requiring the cooperation of B cells or 
macrophages [46]. In comparison, human y-IFN produced following lym
phocyte stimulation with PHA involved subsets identified as Ty, T non /1, 
OKM 1 + OKT4-, OXT8- and OKTlla+ [47]. 

If, as argued above, a non-cytotoxic T cell plays a critical role in tumor 
rejection through the generation of soluble factors, this implies that the final 
cytotoxic response is produced by non-specific effector cells including acti
vated macrophages and NK cells (Figure 3). One must also include the effect 
of soluble factors leading to the generation of activated T cells which unlike 
those generated by antigen recognition may exhibit an indiscriminate lytic 
effect. This concept recently proposed by Klein and co-workers [48] is based 
upon the view that T cells in certain differentiation states are able to lyse 
target cells on the basis of two types of interactions. One is due to epitope 
recognition and requires clonal amplification of specific lymphocyte popu
lations. The other involves T cell differentiation so that these activated cells 
may not express antigen receptors. Expansion of these populations is consi
dered to be polyclonal and they kill target cells indiscriminately. 

4. MODULATION OF ANTI-TUMOR IMMUNITY 

Many immunogenic tumors grow progressively when transplanted into 
normal immunocompetent recipients, even when the dose of tumor cells is 
only just sufficient to produce consistent tumor growth. In comparison, 
preimmunization, for example by injection of radiation-attenuated tumor 
cells, confers solid immunity to a subsequent challenge with up to 10-100 
times the tumor cell dose producing growth in untreated recipients. This is 
but one of the many observations which suggests that a developing tumour 
may 'escape' from host controls in a positive manner rather than by simply 
failing to develop a sufficiently effective tumor immunity and a number of 
pathways for this have been proposed [20- 24]. 'Blocking factors' such as 
circulating immune complexes of tumor antigen with specific antibody and 
even tumor antigen have been postulated to be involved, since these serum 
factors modified lymphocyte cytotoxicity for tumor cells. But, probably a 
more important pathway is the generation of suppressor cells, especially 
suppressor T lymphocytes (Ts) which inhibit the generation of effective 
tumor immunity [21, 22, 39]. An extreme example of the powerful influence 
of Ts cells is illustrated by studies on UV -induced murine tumors which are 
highly immunogenic, but are prevented from being rejected by impairment 
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of host responses through Ts cell induction [49]. A further example of the 
powerful influence of Ts cells in 'down-regulating' tumor immunity is pro
vided by studies on the adoptive transfer of resistance to the highly immu
nogenic murine fibrosarcoma Meth A [50]. Tumors growing in immunode
prived mice (thymectomy, lethal irradiation and bone marrow reconstitu
tion, TXB) were rejected following intravenous infusion of spleen cells from 
tumor immune donors. However, prior infusion of spleen cells from mice 
bearing established (12 to 14 day old) Meth A tumors as a source of Ts cells 
inhibited the regression of tumor by immune spleen cells [50]. Adoptive 
transfer of splenocytes from mice bearing another tumor, the P8I5 masto
cytoma also abrogated the tumor suppressive effect observed following infu
sion of immune spleen cells into TBX-mice bearing this tumor. The sup
pressor cells were identified as T cells by their susceptibility to treatment 
with anti Thy 1-2 antibody and complement [51] but identification of the T 
cell subset has not yet been reported and the investigation of the specificity 
of the response is still incomplete. Analysis of the temporal changes follow
ing adoptive transfer of tumor-immune splenocytes and the subsequent 
treatment with Ts cells indicated, however, that it is likely that the suppres
sor cells inhibit the generation of a secondary response. This is illustrated in 
experiments showing that infusion of immune cells resulted in the produc
tion in the node draining the test tumor of T cells cytotoxic for P8I5 target 
cells; peak levels occurring coincidently with the onset of tumor regression. 
Also production of cytotoxic T cells was greatly reduced in recipients receiv
ing immune spleen cells and suppressor spleen cells. From the previous 
discussion it may be that the cytotoxic T cells are not the effector cells 
which produce tumor rejection, but they may by an indication of the spe
cific T cell response generated to the tumour. For example, in tests with 
murine sarcoma S I 509a the Lyt 1 + 2 - cells, which are predominantly 
involved in tumor rejection rather than the cytotoxic Lyt 1 -2 + cell, were 
shown to proliferate in vitro in response to tumor antigen. The proliferative 
response of this Lyt 1+2 - subset could be specifically blocked by adminis
tration of Ts cells prior to assay [39]. 

There is as yet only limited understanding of the pathways involved in 
tumor antigen recognition, especially with respect to the generation of sen
sitized T lymphocyte populations, although antigen presentation seems cru
cial, with cell membrane bound or soluble antigen favouring Ts produc
tion [39]. For example, in numerous studies with carcinogen-induced rat 
hepatomas and sarcomas, tumor-specific immunity was induced following 
immunization with attenuated tumor cells [2, 4]. In contrast immunization 
with tumor cell membranes or tumor antigen preparations isolated by a 
variety of procedures including 3MKCl or papain extraction were com
pletely ineffective in generating anti-tumor immunity [52]. This may be 
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Figure 4. Serum levels of tumor antigen and specific immune complexes during intramuscular 
growth of hepatoma D23 from an inoculum of 102 tumor cells. Free hepatoma 023 antigen was 
determined by the capacity of serum to neutralize tumor-specific antibody in syngeneic immune 
serum (B622) as measured by reduction in membrane immunofluorescence staining of hepatoma 
023 cells. Total D23 antigen was measured in serum following low pH dissociation of immune 
complexes and chromatographic isolation of antigen-containing products. 

attributed to inappropriate processing of antigens since pre-treatment of rats 
with cyclophosphamide (40 mg/kg) to eliminate suppressor cell precursors 
allowed tumor immunity to be detected following immunization with 
3MKCl extracts of rat hepatoma [30]. Related to these findings, tumor 
antigen shedding occurs very early during growth of transplanted rat hepa
tomas and sarcomas [53]. For example, sequential analysis of serum sam
ples from rats implanted intramuscularly with 102 hepatoma D23 cells rev
ealed that circulating tumor antigen could be detected within 5 days of 
tumor challenge, this being well before tumor was detectable (Figure 4). 
Initially tumor antigen was present in free form but then this was rapidly 
lost to be replaced by immune-complexed products [54]. This sequence of 
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events obtained with hepatoma D23 and sarcoma Mc7 implanted into dif
ferent anatomical sites suggests that tumour antigen shedding occurs as a 
very early consequence of tumor growth and before the host elicits a tumor 
immune response and these are conditions which favour the induction of Ts 
cells [53, 54]. 

5. ACTIVE SPECIFIC IMMUNOTHERAPY 

Specific immunostimulation in which animals implanted with tumor cells 
receive a simultaneous treatment at a separate site with tumor cell vaccines 
leads with many rodent tumors to complete rejection or partial control of 
tumor growth. In general, the most effective vaccine contains intact tumor 
cells and the response is enhanced by including immunomodulating agents 
such as BCG or C. parvum in the vaccines [55]. There are only a few sys
tems, however, in which therapy is successful if this type of treatment is 
delayed until several days after tumor challenge [55]. To take an example, 
injection of hepatoma D192A cells admixed with BCG elicits a specific anti
tumor immune response which is sufficiently powerful to induce rejection of 
a simultaneous contralateral intramuscular challenge of the same tumor 
(Figure 5). Tumor growth was also suppressed when treatment was delayed 
until 5 days after tumor challenge, but thereafter the therapeutic response 
was reduced so that tumors developed in 4/6 rats when immunotherapy was 
given on day 8 [56]. Experiments with another immunogenic rat tumor, 
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Figure 5. Active specific immunotherapy of intramuscular (1M) implants of rat hepatoma 
D 192A. Hepatoma D 192A cells injected 1M were treated up to 8 days later by a contralateral 1M 
inoculation of hepatoma D192A cells admixed with BCG. This immunostimulating inoculum 
does not produce a progressive tumor and the systemic host response inhibits the contralateral 
tumor. 
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sarcoma Mc7 also showed that early treatment with tumor cell-BCG vac
cines was effective but this did not influence tumor growth after 6 
days [57]. 

These experiments emphasize that additional manipulations are necessary 
when attempts are made to immunostimulate tumor-bearing hosts since, as 
already discussed, they may be in a state of T ceJI mediated immunosup
pression directed towards 'down-regulating' concomitant tumor immuni
ty [22]. One approach has been to eliminate the immunosuppressive com
ponent in the tumor-bearing host and in early studies this was attempted 
using procedures to remove 'blocking factors' from serum [58). Although 
this approach still has some support from those who advocate plasmaphor
esis in cancer therapy there is little evidence to show that this type of man
ipulation can significantly alter the immunological status of tumor-bearing 
animals [59]. In this respect, however, most of the experimental studies 
have been attempted with tumor-bearing animals. It cannot be excluded, 
therefore, that procedures designed to remove circulating immunosuppres
sive substances either alone of in combination with secondary immunother
apy may not influence the growth of recurrent tumors and/or metastases. 

Another approach involves the administration of agents which will elim
inate Ts lymphocytes and/or their precursors. As already described cyclo
phosphamide (Cy) treated rats are able to elicit a tumor-specific rejection 
response to soluble hepatoma-antigen preparations, this response not being 
obtained in normal immunocompetent rats [30). This effect of Cy treatment 
is further illustrated in experiments on the adoptive transfer of tumor 
immunity to the murine Meth A sarcoma [60]. Infusion of tumor-immune 
spleen cells into normal mice did not elicit rejection of tumor implanted 4 
days earlier, but treatment was effective when spleen cells were adminis
tered one hour after Cy treatment (100 mg/kg) of the recipients. Further 
analysis of this system revealed that the tumor regression produced by com
bination therapy with Cy and immune spleen cells could be abrogated by 
intravenous infusion of tumor-bearer spleen cells as a source of suppressors. 
The suppressor cell population was defined as Ts cells since they were sus
ceptible to anti-thy 1-2 antibody and complement. Moreover, this suppres
sor cell population could be completely eliminated from tumor-bearer 
spleen cells by treatment of the donor with Cy 24 hours before harvesting 
spleen cells [60] . 

In extending these studies, it was found that the P815 mastocytoma in 
DBAl2 mice and SAl sarcoma in All mice were also susceptible to combi
nation therapy with Cy and immune cells although the sensitivity of these 
tumors to Cy alone complicates the test. Cy treatment alone caused a tem
porary arrest of tumor growth and then they grew rapidly. Combination 
therapy ensured complete suppression of the tumors. 
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There are many other examples where cyclophosphamide has enhanced 
tumor immunotherapy. Transfer of splenic Lyt 1 +2 - lymphocytes from 
immune donors in combination with Cy 5 days after inoculation of Friend 
virus-induced leukaemic cells significantly increased survival in comparison 
with Cy alone [38]. Conversely a role for anti-tumor immunity has been 
reported in experiments showing that Cy cured mice bearing large (12 to 16 
day old), but not small (4 day old) growths of MOPC-315 [61, 62]. Cyclo
phosphamide treatment has also been used to enhance the effect of specific 
immunostimulation with I -butanol-extracted tumor antigen preparations in 
mice with subcutaneously growing implants of an MCA-induced murine 
sarcoma MCA-F [63]. This tumor was susceptible to Cy therapy (25 mg/kg 
intraperitoneally twice weekly) but whilst survival was increased from 15 % 
in untreated mice to 63 % in Cy-treated mice, there were no tumor regres
sions. In comparison, combination treatment of Cy with tumor antigen vac
cination led to complete tumor regression in 20 % of the tested mice. 

Another approach to eliminating Ts cells involves their specific immuno
logical depletion. Suppressor cells in the mouse express surface structures 
encoded in the I-J subregion of the H-2 complex and this has led to the use 
of antisera against these determinants for controlling immune suppres
sion [64]. For example, administration of low doses of anti I-J antisera, 
prepared by immunizing mice of a given strain with lymphoid cells differing 
only at the I-J region, inhibited growth of the murine sarcoma S1509a [65]. 
Serum reactivity could not be removed by absorption of sera with tumor 
cells suggesting that the effect observed in tumor-bearing mice was mediated 
by abrogation of the Ts effector cell response. 

This type of serotherapy has been effective against other tumor sys
tems [66]. In particular anti I-J serotherapy markedly inhibited the growth 
of UV-induced tumors in UV-irradiated mice which, as already described, 
are extremely effective in developing Ts cells causing enhancement of tumor 
growth [67]. 

The recent development of I-J specific monoclonal antibodies [68-70] 
provides yet another approach for controlling Ts effects in tumor-bearing 
hosts. Studies reported by Drebin et al. [39] show, for example, that anti
I_J t antibodies significantly inhibit growth of sarcoma S1509a in AJ (H-2a, 
I-Jk) mice whereas anti-I-Jb antibodies had no effect. But in [A. BY
yAJ]F1 (H_2a/b, I_Jk/b) mice, both anti I-Jk and anti-I-Jb monoclonal antibod
ies inhibited tumor SI509a growth. 

6. IMMUNOTHERAPY OF METASTATIC TUMORS 

6. I Specific immunotherapy 
The limited effectiveness of specific immunotherapy against even small 
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Figure 6. Tumor rejection antigens expressed on rat sarcoma Me97 and its metastases. Tumor 
eelllines were established from the primary MeA-induced sarcoma (Mc97A and Mc97B) and 
from metastases developing in the peritoneum (Mc97a), kidney (Mc97R) and lung (Mc97p). 
WAB/Not rats were immunized against each tumor and the spectrum of immunity to the 
immunizing tumor and various sub lines established [26]. 

localized tumors is now well appreciated, but this type of therapy may be 
effective against tumor metastases. Visceral tumor deposits produced fol
lowing intravenous injection of the guinea pig line 10 hepatoma were sus
ceptible to treatment following multiple inoculations of irradiated tumor 
cells mixed with heat killed BeG or M. Phlei [71, 72]. Also, tumors devel
oping at pulmonary and extrapu!monary sites following intravenous injec
tion of an MCA-induced murine sarcoma were suppressed following immu
nization with tumor antigen-containing extracts prepared in I-butanol [63]. 
These more recent studies further extend early reports showing that pul
monary tumor growth can be controlled by active immunization with tumor 
antigen-containing vaccines [73- 75]. But the experimental approach used 
in this type of investigation does not take into account the antigenic hete
rogeneity of primary tumors and more particularly the finding that metasta
ses may express antigens which differ from those of the primary. To inves
tigate this, sarcomas were induced in W AB/Not rats by subcutaneous injec
tion of MCA and primary tumors as well as metastases taken from the 
peritoneum, kidney and lung established as tumor lines by transplantation 
into syngeneic recipients. Rats were then immunized against each of the 
separate sublines and their resistance to challenge with the immunizing 
tumor and other sublines determined [25]. The pattern of antigenic cross
reactivities with one sarcoma Mc97 and its sublines is illustrated in Figure 
6. Tumor lines established from opposite poles of the primary showed 
cross-reactivity and the antigen expressed on these tumors was also detected 
on the subline established from the peritoneal metastasis, but not the renal 
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metastasis. Tumors derived from the renal metastasis and the pulmonary 
metastasis expressed cross-reacting tumor rejection antigens, but these were 
not detected in tumor lines derived from the primary tumor. The hetero
geneity of tumor cell populations with regard to a number of characteristics 
including neoantigen expression and immunosensitivity has been reported 
by other investigators particularly with respect to determining whether 
metastasis development represents a random or selective event [4,27, 28]. 
Although much of this research is still at an early stage of development it 
may be concluded that the immunogenicity of metastases is quite variable 
and many metastases may develop from cell populations which probably 
only form a minor component of the original tumor. 

It has also been shown that the specificity of tumor rejection antigens on 
recurrent tumors may differ from those on primary tumors [25]. This was 
established again using MeA-induced sarcomas in experiments showing 
that tumor rejection antigens expressed on tumor lines established from the 
primary tumor were different from those on lines derived from rapidly 
developing recurrent tumors. Again therefore it is highly unlikely that 
growth of recurrent tumors will be suppressed by enhancing the immune 
response of the host to primary tumors. This was then established in studies 
with a limited number of tumors where treatment of rats with vaccines 
containing cells derived from primary MeA-induced sarcomas and BeG 
did not influence the rapid re-growth of tumors at the tumor excision 
site [77]. It should be emphasized that there are other contributory factors 
which must be considered in relation to these studies, including the in
fluence of trauma associated with the surgical resection of primary sarco
mas. Also, unlike tests with transplanted tumors, it is not possible to control 
the amount of tumor being treated. Nevertheless these tests with primary 
tumors are more relevant than experiments with transplanted tumors and 
further research on these systems is necessary in relation to the development 
of immunotherapy of human cancer. 

6.2 Regional immunotherapy 
Several approaches are being developed for generating specific and/or 

non-specific anti-tumor responses in tumor deposits for treating metastases. 
These include targeting of immunomodulating agents to tumors. This is 
exemplified by the intravenous injection ofliposomes for targeting muramyl 
dipeptide (MDP) or lymphokines in the treatment of pulmonary tumor 
deposits (78-80]. Liposomes are taken up by alveolar macrophages and this 
leads to their activation so producing an anti-tumor response. It is also 
possible to mimic the intratumor responses generated by T cell recognition 
of tumor associated antigens. This is illustrated by experiments showing 
that growth of naturally-arising rat mammary carcinomas Sp4 and Sp15 is 
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suppressed when tumor cells are injected together with the purified protein 
derivative of tuberculin (PPD) in BCG-sensitized W AB/Not rats [81]. Tu
mor rejection was initiated by the local DTH response elicited and BCG 
sensitization itself did not modify tumor growth. Furthermore growth of 
mammary carcinoma Sp4 was suppressed when tumor cells together with 
PPD were injected into WAB/Not rats which had received lymph node cells 
from BCG-sensitized donors. 

From the experience gained in the use of liposomes for targeting chemo
therapeutic agents, it is evident that this approach will have limited appli
cation. In one study, for example, liposomes injected intravenously were 
found to be extensively (80-90%) taken up in the reticuloendothelial cells 
in the liver and spleen and by circulating monocytes [80]. It is evident, 
therefore, that other methods must be developed for targeting immunomo
dulating agents and monoclonal antibodies reacting with tumor associated 
antigens may be used for this purpose [82]. This approach is exemplified by 
studies showing that a murine monoclonal antibody produced against hu
man osteogenic sarcoma cells specifically localizes in osteogenic sarcoma 
xenografts maintained in immunodeprived mice [83]. This antibody has 
been coupled to interferon and the conjugates used to activate peripheral 
blood NK activity against K563 and osteogenic sarcoma target cells [84]. 
These experiments show that interferon can be directed to tumor cells using 
antibody conjugates which taken together with the in vivo antibody locali
zation studies suggest that this represents a novel approach for targeting 
immunomodulating agents. 

Monoclonal antibodies reacting at least preferentially with many types of 
human tumors are now available or under development [82,85]. There is 
also evidence that these monoclonal antibodies localize in human tumors. 
For example one antibody (791 T /36) has been found to localize in primary 
and metastatic deposits of human colorectal carcinomas [86]. Other mono
clonal antibodies have been shown to localize in colon carcinoma [87] and 
malignant melanoma [85]. 

However, most of these monoclonal antibodies are of mouse origin and 
whilst their administration to patients has not produced adverse responses, 
they may have limited value for repeated administration. This is empha
sized by a phase 1 clinical trial of colorectal cancer patients receiving mon
oclonal antibody 17-1A where it was found that antibodies against mouse 
immunoglobulin developed in three of the four patients [88]. Consequently, 
the development of monoclonal antibodies for targeting immunomodulating 
agents will depend upon the production of antibodies by human hybrido
mas. 
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4. Cultured Human Antitumour T Cells 
and their Potential for Therapy 

B.M. VOSE and A. HOWELL 

INTRODUCTION 

Over the past two decades, the availability of increasingly effective che
motherapeutic regimens has led to the cure of a large proportion of patients 
with Hodgkins disease, some non-Hodgkins lymphomas, childhood leu
kaemias and solid tumours, choriocarcinomas and teratocarcinomas. Pro
gress has been much slower with the common solid tumour e.g. those of the 
lung, breast and gastrointestinal tract. In breast cancer for instance remis
sions occur in 50-70% of patients given chemotherapy and in 10-20% of 
these the remissions are apparently complete in that no residual tumour can 
be detected by conventional techniques. However, in the majority of pa
tients in complete remission the tumour eventually regrows and kills the 
host. Thus in these common solid tumours chemotherapy may reduce the 
bulk of the disease but not eradicate it. The development of new cytotoxic 
agents and more effective scheduling may improve the cure rate but the 
addition of an alternative modality of treatment such as immunotherapy at 
the time the total tumour burden is low, possibly immediately after surgery, 
has long been an attractive approach. 

Immunotherapy in the clinical setting may take two forms, (i) the admin
istration of agents which modify the biological response of the host to the 
tumour, or (ii) the passive administration of specific antibodies or cellular 
reagents with anti tumour activity. The former approach is considered in 
other sections of this volume but has met with limited therapeutic benefit to 
date. In this chapter, we will consider the possibility that passive cellular 
immunotherapy may have a role in cancer treatment. 

Such cellular immunotherapy of human cancer could be achieved only if 
certain widely held views are proved to be correct. (1) It is implicit that 
human tumour cells express at the cell surface molecules which the host is 
capable of recognising as foreign and which are targets for host defence 
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mechanisms. (2) The fact that malignancy is evident points to a specific or 
general compromise or suppression of 'host defence' which should be cor
rected or reversed by administration of reactive cells. (3) 'Host defence' 
may be mediated through a number of effector mechanisms and concentra
tion on any single component might be inappropriate to the goal of the 
immunotherapist. It is true to say that although several attempts at passive 
immunotherapy have been attempted there is to date little evidence of sus
tained clinical benefit. 

1. PREVIOUS STUDIES USING PASSIVE CELLULAR IMMUNOTHERAPY 

Passive immunotherapy of experimental and human cancer using both 
sera and cells has been reviewed by Rosenberg and Terry [1]. Studies over 
the last two decades have utilised both normal, non-immunised, allogeneic 
lymphocytes in an attempt to provide immunocompetent lymphocytes 
which might overcome the generalised immunosuppressions of advanced 
malignant disease and immunised allogeneic and even xenogeneic lympho
cytes in the hope of inducing specific anti-tumour effectors. Among the first 
to use the former were Woodruff and Nolan [2]. Some therapeutic effect 
was claimed following administration of up to 5 X 1010 allogeneic AB 
matched or a group spleen cells to cancer patients in conjunction with che
motherapy and radiotherapy. Eight patients with melanoma or cancer of the 
ovary, breast or penis received normal lymphocytes and all had been pre
viously treated. Nitrogen mustard, Busulphan, Prednisolone or Thiotepa 
were given to prevent rapid rejection of allogeneic cells. In every case the 
authors describe changes in patients' symptoms, physical signs or changes in 
biopsy. Since, in this study, other treatments were given it is difficult to 
assess the contribution of the allogeneic cells. Studies by other authors [3-5] 
using up to 1.2 X 1012 allogeneic lymphocytes from non cancer patients have 
shown brief responses in a small number of cases, but trials have been 
unsatisfactory because of concomitant treatment with other agents or be
cause of the small number of patients examined. In addition, since rapid 
elimination of injected cells was likely to occur the failure to achieve long 
term benefit may not be surprising. However, one trial used HLA-matched 
normal thoracic duct or blood lymphocytes in an attempt to obtain more 
prolonged effects [6]. This study is important because it describes the per
sistence of injected lymphocytes for several months based on karyotyping of 
peripheral blood in instances where there was a genetic marker of the oppo
site sex. In spite of careful typing for ABO and HLA including mixed lym
phocyte culture, 4 of 14 patients had symptoms of graft versus host disease 
with skin rash, lymphadenopathy and fever. Objective responses were ap-
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parent in two of these (disappearance of ascites for 6 months in one patient 
with ovarian cancer and a 50 % regression of perineal and inguinal masses 
from carcinoma of the rectum). In total, some 50 patients have been the 
subject of cellular immunotherapy using normal unimmunized lymphocytes 
in the different trials reviewed by Rosenberg and Terry. Objective responses 
attributable to this form of treatment were seen in 12 individuals, but in 
each, the effects were short-lived. 

Many groups have taken the view that it might be advantageous to 
administer cells with some direct antitumour effect i.e. from immunised 
donors. The protocols involved have required immunisation with tumour 
material: a course which presents considerable management and ethical 
problems in man when it is considered that growth of tumor at the implan
tation site occurred in 2/118 patients in trial of Nadler and Moore [7] and 
resulted in the death of a normal volunteer in another study [8]. In most 
reports patients have been cross-immunised with tumour and then trans
fused with blood or leukocytes. In the first such study, Nadler and 
Moore [9] reported 23 objective responses lasting at least 6 weeks, in 118 
patients most of whom had malignant melanoma and who were not receiv
ing other therapy. The use of cross-immunization in these experiments may 
lead to graft versus host reactions at non tumour sites since donors would be 
sensitised to recipients histocompatibility antigens rather than be tumour
specific and recipients having received donor tumour were similarly sensi
tised with possible rapid elimination of injected cells. Nadler and Moore, in 
a subsequent study, exposed blood leukocytes to autologous melanoma cells 
in vitro for 10 days before intraperitoneal infusion of surviving lymphocytes 
to overcome these objections but no responses were noted in three patients 
so treated. Other authors have exchanged effectors raised by injection of 
tumour material to 'third party' patients. Under this protocol patients 
receiving lymphocytes were not sensitised to donor HLA. With this ap
proach eight patients of 38 had objective responses in the trial of Humphrey 
et al. [10] using tumour homogenate as immunogen and 4 of 35 patients 
responded in the trial reported by Krementz et al. [11]. 

A large number of animal studies have been performed using cellular 
immunotherapy. In evaluating the studies described above it is instructive 
to examine the parameters necessary for success in these model systems 
(reviewed by Rosenberg and Terry [1] and Fefer (this volume». These 
include: -
(1) the use oflarge numbers of effector cells with at least 108 cells necessary 
for therapeutic effect against a 1 gram murine tumour [12, 13]; (2) syngeneic 
lymphocytes preferably from highly immunised donors [12, 13]. Some suc
cess has been achieved with allogeneic or even zenogeneic lymphocytes but 
non-immune cells or cells of inappropriate specificity were without effect in 
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most studies [13]; (3) small tumour burden [12, 13]. Effects were limited by 
time after tumour infection even with large numbers of transferred effec
tors; (4) route of administration with intravenous route best [12]; (5) com
bination with chemotherapy [14, 15]. Several studies have established the 
effectiveness of immunotherapy when given after chemotherapy: a finding 
which may be attributed either to a reduction of tumour burden or the 
elimination of pre-existing immunosuppression in the tumour-bearing 
host. 

It is clear that, if these same factors were to be important for success of 
immunotherapy in human disease, the studies in man described here do not 
critically address the problem. Indeed, in assessing passive cellular immu
notheapy Rosenberg and Terry [1] drew the conclusion that 'until techni
ques are developed for culturing large quantities of specific lymphocytes 
capable of reacting against the antigens of the tumour, there is little ration
ale for continued efforts with this approach '. Techniques have now been 
described by which sensitised T lymphocytes can be maintained and ex
panded in continuous culture using T cell growth factors (TCGF or IL-
2) [16, 17]. In this chapter we will consider the derivation of specific anti
tumour T cell lines, their use in defining human tumour immunogenicity 
and their potential in immunotherapy. 

2. CELLULAR IMMUNE RESPONSE TO HUMAN TUMOURS 

The concept that human tumours might express antigens against which 
the host was capable of mounting an immunological response derived much 
support from extensive studies in chemically and virally induced animal 
tumours in the 1950s and 60s. Experiments showed that in inbred animals 
and even in the authochthonous host, protection against subsequent tumour 
challenge could be achieved by immunization with tumour material [18-
24], thereby laying the foundation for the hope that similar immunological 
manipulations could be beneficial in man. Because of ethical constraints the 
experimental approach in defining human tumour immunogenicity has been 
largely confined to in vitro assays of immunological function. The definition 
of tumour antigenicity in animal systems was quickly followed by the des
cription of disease-related cytotoxic, proliferative and lymphokine-mediated 
immunological reactions in human tumours (reviewed in [25] and [26]). 
Interestingly, the pattern of reactivity in these in vitro assays showed that, 
unlike the animal systems where antigenicity was individually specific in the 
case of chemically induced tumours or virus specific for virally induced 
tumours, human tumours showed organ-related reactivities with reactions 
confined by tissue boundaries. Lymphocytes from patients with breast mal-
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ignancies responded to allogeneic breast tumours but less frequently to, for 
example, colon tumours. It was against this background that the early stu
dies of passive cellular immunotherapy described above and trials with non
specific immunological manipulation using agents such as C. Parvum BCG 
or Levamisole were initiated. 

This period of high optimism was not sustained. As increasing numbers 
of patients and controls were included in test protocols it became clear that 
the pattern of in vitro reactivity in the cancer groups were less precise than 
originally described. In studies of cytotoxic activity lymphocyte prepara
tions from healthy donors often showed reactivity which was as high if not 
higher than that manifested by cancer patients [27, 28] and the concept that 
human tumours were antigenic in the host were severely challenged with the 
erosion of the experimental base. At the same time Hewitt observed that in 
a large series of spontaneously arising murine tumours there was little evi
dence for an immune reaction inducing transplantation resistance [29] and 
the results of many large immunotherapy trials were disappointing [25]. It 
became widespread to consider human tumours as non antigenic and inter
est in the immunotherapy of cancer by manipulation of specific T cell
mediated immunity declined. Other effector mechanisms including natural 
killer (NK) cells [30] and macrophages were considered to play the major 
role in defence against malignancy (see Herberman and Fidler, this volume). 
Recent advances in cellular immunology require that the role of T cells in 
human malignancy be re-examined. In particular the recognition of the 
requirement of histocompatibility between target and effector of the demon
stration of T cell-mediated cytotoxicity [31,32] has an important bearing. 
Since T cells recognise neither antigen nor MHC product alone, but a com
plex or association between them, it is essential for the demonstration of T 
cell mediated lysis and proliferative response to antigen to work in autolo
gous or HLA-matched combinations. It was for this reason that we have 
concentrated upon the cytotoxic potential and stimulation response of lym
phocytes from different sites against autologous tumour cells. In considering 
tumour rejection and the role of the many possible effector mechanisms a 
close parallel can be drawn with rejection of his to incompatible grafts. In this 
process it appears that recognition of MHC antigens by helper T cells 
(LyT n is the primary event and the ability to reject allografts or tumour 
can be transferred with this subset. Cytotoxic T cells are not effective in 
transferring immunity to immunosuppressed recipients [33-36]. In the rat 
non-specific effectors with an NK-like phenotype can be detected at the 
graft rejection site [34]. These data suggest that lymphokine-mediated acti
vation of host defence at the graft site is important in rejection rather than 
direct T cell-mediated cytotoxic events. A similar situation has been des
cribed in UV-induced murine tumours where mutational events associated 
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with the change from regressor to progressor status appear to be a loss of T 
cell activating determinants rather than changes of for example, susceptibil
ity to lysis by natural killer cells [37]. With these data in mind, we have 
used assays for helper activity such as the mixed lymphocyte tumour cul
ture [38] and primed lymphocyte tests [39] in addition to cytotoxicity to 
more fully define the nature of the antitumour T cell response. We take the 
view that under conditions where multiple effector types can induce target 
cell damage it is reasonable to consider the role of each in the elimination of 
tumour deposits. In an attempt to develop experimental systems in which 
the contribution of T cells can be assessed we have used as targets or sti
mulators freshly isolated tumour cells in preference to cultured cells. By 
stepwise application of separation procedures based upon differences of size, 
density and adherence to enzymatically dispersed human material, it has 
been possible to obtain tumour cell suspensions of high viability which can 
be used as stimulators in proliferation assays or labelled with 51Cr. These 
cells show a spontaneous release of chromium that is comparable to that of 
many established cell lines in short term cytotoxicity assays [40, 41]. Fresh
ly isolated tumour cell preparations have the advantage that they have not 
been exposed to prolonged periods of culture which can lead to the acqui
sition or loss of cell surface antigens or the selection of subpopulations of 
cell types. It has been possible using this methodology to obtain tumour 
cells from approximately 60 % of specimens received: a number that is 
considerably higher than our success rate in establishing characterised short
term cultures of tumour cells. A further advantage was that these cells were 
refractory to killing by effectors from healthy donors in direct assays [42, 43] 
unless the large granular lymphocytes which in peripheral blood mediate 
NK [44,45] were used. Animal studies have shown the rapid increase ofNK 
susceptibility of tumour cells upon culture [46]. 

In examining a large group of cancer patients, blood lymphocytes from 
35 % (87 of 248) showed specific cytotoxic activity against autologous 
tumour cells [41, 47, 48]. Killing of allogeneic tumour control cells matched 
for site and histology and which themselves were lysed by autologous effec
tors was found in only 7 % of cases. Further specificity studies have esta
blished that targets prepared from normal lung tissue were not lysed by 
autologous effectors whereas the tumour cells from the same patient were 
damaged [50]. In cold inhibition assays only autologous tumour cells 
blocked lysis [47, 49]. Taken together these data indicate that, in at least 
some patients, there is immunological recognition of tumour cells and the 
specificity of the reaction indicates either that human tumours express 
individually specific antigens or that in common with other antigens in 
humans against which T cell mediated cytotoxicity is demonstrable [51,52], 
there is indeed a requirement for histocompatibility between target and 
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effectors for T cell-mediated lysis. It is markedly different from early studies 
of organ-restricted reactivity. Cytotoxicity was concentrated into lympho
cyte subsets forming rosettes with sheep erythrocytes and passing through 
nylon wool [50]. There was no correlation between cytotoxicity against 
autologous tumour and the K562 cell line which is exquisitely sensitive to 
lysis by NK cells [49] and killed by PBL from the majority of cancer 
patients. The distinction between autologous cytotoxicity and NK was 
further emphasised when effectors were prepared from extravascular sites. 
Tumour draining lymph node and tumour infiltrating lymphocytes regularly 
killed autologous tumour cells under conditions where they induced mini
mal lysis of K562 cells. When autologous cytotoxicity was found in blood 
lymphocytes, lymph node and tumour infiltrating lymphocytes were also 
positive whereas NK cells were confined to blood and spleen [49, 53, 54]. 
Thus a proportion of cancer patients have lymphocytes which specifically 
lyse autologous tumour without in vitro stimulation. However, we have not 
noted any prognostic significance of the presence of such cytotoxic activity 
against autologous tumour in over 100 lung cancer patients followed for 
over 3 years. In studies with 50 colon cancer patients there was no change in 
the frequency or level of cytotoxic activity with disease progression [49]. 

In an attempt to define immune recognition of autologous tumour and to 
generate killer cells in vitro, several groups have used the mixed lympho
cyte-tumour culture [38]. In these experiments responder lymphocytes were 
cocuItivated with irradiated autologous tumour for 6 days and surviving 
cells monitored for incorporation of 3H-thymidine, for the presence of lym
phoblasts in the culture and for cytotoxicity against a range of target cells. 
The optimisation of the MLTC for stimulation has been reviewed by Vanky 
and Stjernsward [38]. Of critical importance were (l) the removal of adher
ent cells from both the responder and stimulator populations. Several stu
dies have identified the suppressive activity of blood monocytes from canc
er patients on stimulation by mitogens through prostaglandin release [55-
58]. (2) the use of viable stimulator tumour cells which have been incubated 
overnight at 37°C to allow regeneration of cell surface components essential 
to lymphocyte activation [59]. (3) removal of tumour-infiltrating lympho
cytes from the stimulator pool since these could also suppress lymphocyte 
activation in both the MLTC and PHA stimulation [60]. Under optimal 
conditions significant stimulation of lymphocytes is induced in approxi
mately 70% of patients with a variety of malignant diseases [38]. These data 
indicate that there are tumour-recognitive lymphocytes demonstrable in sti
mulation assays in a large number of patients which did not manifest cyto
lytic activity. The induction of blastogenesis in MLTC is often, but not 
invariably accompanied by the appearance of cytotoxic activity in surviving 
cells with specificity for the autologous tumour [47, 48, 61]. In the absence 
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of blastogenesis no induction of cytotoxicity was apparent [62]. It is impor
tant in assessing these data to distinguish the reactivity against tumour cells 
from that induced in the autologous mixed lymphocyte reaction (AMLR). 
Stimulation of autologous T cells is not restricted to tumour cells but can be 
induced by irradiated B lymphoblastoid cells and non-T cells (particularly B 
cells) with levels of stimulation frequently approaching those of the allo
geneic mixed lymphocyte reaction [63]. Extensive studies have mapped the 
stimulatory determinant to the Ia region [64] and, in particular, to the 
invariant a chain. There is continuing controversy as to whether this reac
tion is indeed recognition of self Ia which may be important in antigen 
presentation and in the control of development of the immune system [65J 
or is a response to foreign antigens such as bovine proteins acquired during 
isolation procedure. The mapping of stimulatory activity to the Ia region 
under these circumstances would then represent the restriction element of 
antigen presentation for stimulation [66J. In our own studies it is apparent 
that extensive isolation of responder T cells is not required for MLTC reac
tivity in approximately 50 % of the positive cases. In addition, stimulation 
by tumour cells can be detected when autologous monocytes, tumour asso
ciated macrophages or tumour infiltrating lymphocytes do not induce blas
togenesis [6 7J. However, these data must be interpreted with caution since 
with monocytes and macrophages there was frequently an inhibition of 
spontaneous CH)-thymidine incorporation and these cells inhibit PHA res
ponsiveness in cancer patients [58]. It can be considered that although these 
cells may express stimulatory determinants for the AMLR they suppress 
that stimulation by release of, for example, prostaglandin as demonstrated 
in recent reports [55, 58J. The ready demonstration of cytotoxic activity 
MLTC cultures is also at variance with the experience of some but not all 
groups working with the AMLR [68, 69]. 

Cytotoxic activity generated in the MLTC largely corresponds in specific
ity to that of the directly cytotoxic cells i.e. is restricted to the autologous 
tumour. In comparing a number of different stimulating protocols Vanky et 
al. [61J were able to conclude that stimulation with autologous tumour was 
the most consistent inducer of specific autorecognitive cytotoxic activity 
presumably as a result of clonal expansion of relevant T lymphocytes. The 
high degree of tumour specificity was also apparent in tests with autologous 
targets. We have seen only infrequent lytic activity against normal lung 
cells, lymphoblasts or monocytes in short term 51Cr release assays [67J. The 
generation of autologous tumour killing is also induced by stimulation in 
mixed lymhpocyte cultures, particularly when pooled stimulators from up 
to six donors are used or by stimulation with lectins. Under these conditions 
induced killers show reactivity against a range of targets including autolo
gous and allogeneic freshly isolated tumour cells. This observation was first 
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reported in leukaemias [70, 71] but now extended to studies of solid tu
mours [61, 72, 73]. The exact identity of the killer cells in this situation is 
not clear and several possibilities have been put forward including transti
mulation by IL-2 of autorecognitive T cell killer clones activated in vivo to 
express the IL-2 receptor activation of NK-like 'anomalous' killers by IL-2 
and IFN (K562 killing is high in MLR stimulated cultures) or by the expres
sion of 'inappropriate' histocompatibility antigens on transformed cells. 
The characterisation of this phenomenon is in progress in several centres 
and the availability of T cell clones should enable rapid progress in this 
area. 

It has been the experience of this laboratory that although pool stimula
tion of patients lymphocytes does induce cytotoxicity against autologous 
tumour, cultured lymphocytes cannot be restimulated by cells of that 
tumour or by autologous lymphocytes. They are restimulated by each indiv
idual pool member and by a proportion of allogeneic tumours presumably 
sharing histocompatibility antigens with the pool. Pool stimulated cultures 
thus show very different patterns of secondary response to those induced in 
MLTC which are restimulated by autologous tumour. The autologous tu
mour killers induced in MLC may be lymphokine activated killers [74] or 
expanded/activated NK-like cells [75], rather than the specific effectors 
induced by MLTC. 

In this section we have reviewed recent work which suggest that human 
tumours evoke a T cell mediated response against a yet undefined antigen 
expressed on their cell surface. In both cytotoxic and proliferative assays 
significant reactivity was apparent in a proportion of patients (up to 70% in 
ML TC). These data offer some grounds for optimism for therapeutic exploi
tation provided that the specificity recognised is indeed tumour associated 
rather than some normal organ/epithelial differentiation antigen and that 
large numbers of cells were available. The production of large numbers of T 
lymphocytes is now possible following the description of a lymphokine (IL-
2) with the capacity to maintain lymphoid cells in proliferation [16]. 

This soluble factor is released by a subpopulation of activated T lympho
cytes (LyTt in the mouse OKTt in man) which has the capacity to main
tain the long term growth of normal T lymphocytes with retention of func
tional characteristics and phenotype [17, 76-78]. There is no doubt that the 
description of this factor has had a major influence on the understanding of 
T cell activation and properties. IL-2 acts as the second signal for T cells 
inducing proliferation of cells upon which the first signal (antigen or mitog
en) have induced a receptor for it [79]. Its' activity is restricted to 'acti
vated' T lymphocytes. As such it offers the possibility of rapid selective 
expansion of antigen reactive cells for further specificity testing and inves
tigation of efficacy in vivo. A major concern in this work has been the 
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characterisation of cells, in addition to T lymphocytes, which might be 
induced to proliferate in conditined media containing IL-2. 

3. CULTURE OF CYTOTOXIC AND PROLIFERATIVE LYMPHOID CELLS 

In preliminary studies it was considered that the cancer patient might, as 
a result of antigens on the tumour, have T cells in vivo which expressed IL-2 
receptor and which could therefore be selectively isolated by growth in lec
tin-free lymphocyte conditioned media. Conditioned media (CM) were pro
duced under a number of different stimulation protocols using PHA and 
B-lymphoblastoid cell lines and freed of lectin by ammonium sulphate pre
cipitation, passage through rabbit anti-PHA immunoabsorbent columns and 
ion exchange chromatography ([80}, Strong et al., manuscript in prepara
tion). Lymphocytes from peripheral blood, lymph node and tumour all prol
iferated in these CM and short-term lines were maintained for up to 50 
days. In common with several groups we were able to show that these cul
tures invariably lysed autologous tumour in short-term 51Cr release as
says [81-84]. The implication of these findings was that readily detectable 
tumour-reactive lymphocytes were present in the circulation and at extrav
ascular sites and that addition of IL-2 was sufficient to allow expansion of 
cytolytic clones or expression of their cytolytic function. However, cultured 
IL-2 dependent lymphoid cell lines show heterogeneous effector function 
and may express specific T cell-mediated lysis as well as natural, antibody 
dependent and lectin dependent cellular cytotoxicity [85, 86J. The possibili
ty exists that IL-2 may act as a proliferative signal for more than one cell 
type. There is abundant evidence that NK-like cells can be cloned in IL-2 
dependent culture [86-89}, continue to express lytic function and in the 
mouse, but not in man, maintain the phenotype of fresh NK cells. In order 
to clarify the type of cells expanded in IL-2 under different culture condi
tions, lines have been established from different lymphocyte subpopula
tions. 

Considerable advances have been made in the understanding of natural 
killing in man since the realisation that the effector in PBL had character
istic morphology (the large granular lymphocytes (LGL» and could be iso
lated (to 98 % by morphology) from non-lytic elements by separation of 
lower density cells on discontinuous Percoll gradients [90]. The response of 
these cells to IL-2 was assessed in limiting dilution analysis. In limiting 
dilution assays decreasing numbers of responder cells are dispersed into 
multiple wells together with autologous mononuclear cells as feeders and 
lectin free conditioned media containing IL-2. Proliferation or cytotoxicity 
of well contents is scored after 7-10 days culture and the number of positive 
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wells counted. Positive is defined by a difference of at least 3 standard 
deviations from the mean reactivity of feeder cells alone. The technique 
relies on the ability to establish culture conditions which allow the expan
sion of a single cell to a level where an event (proliferation or cytotoxicity) 
in the progeny can be detected. Statistical analysis of the data yields the 
limiting frequency of the number of cells responding. Under these condi
tions it has been possible to establish that in the absence of lectin the fre
quency of proliferative precursors in LGL enriched populations responding 
to IL-2 was 30-fold greater than that of small T cells, (1/150 cells prolifer
ating in LGL and 1/5000 in small T cells). More significantly, all cells prol
iferating showed NK-like activity since, when these same microcultures 
were tested for lytic activity against K562, it was found that the proliferative 
and K562 cytotoxic precursor frequency in LGL was the same. No cytotoxic 
precursors against K562 (frequency 1/104) were identified among the small 
T cells even when these were induced to proliferate with PHA to give fre
quencies of 1/6-1/10. Cultured cells with NK-like activity retained the gran
ular morphology characteristic of fresh NK effectors but growth in IL-2 
rapidly induced changes in phenotype with a change towards a more mature 
T cell [73,84,85]. (LGL react for example, with monoclonals OKMI (mon
ocyte granulocytes), OKT1O (immature thymocytes) but not OKT3 (mature 
T cells) whereas cultured cells from LGL populations express OKT3 but not 
OKMI and OKT1O [75,86]). A subpopulation of low density blood lym
phocytes thus spontaneously express the IL-2 receptors and can respond to 
growth factor, but it is difficult to firmly establish their derivation. Since 
proliferative frequency was low, it cannot be excluded that these cultured 
cells represent the progeny of the small number « 2 %) of cells in LGL 
preparations expressing OKT3 (see Herberman, this volume). It has been 
possible to derive cultured lymphoid lines from LGL which show high lytic 
activity for NK sensitive cultured cell lines as well as insensitive freshly 
isolated tumour cells [75,91]. Cultured small T cells do not kill NK sensi
tive lines, but can lyse alloblasts and some fresh tumour cells. Neither pop
ulation kills mouse lymphoma/leukaemias. In the present context the im
portance of these findings in that conditions which favour IL-2 release are 
likely to expand NK-like cells as well as more specific effectors [74]. Under 
lectin-free conditions preferential outgrowth of these NK-like cells is likely. 
The broad pattern of cytotoxicity shown by short term cultured lymphoid 
cells against tumour cells has encouraged their consideration as a potential 
tool in immunotherapy [73, 74, 92]. The ready lysis of dividing bone mar
row cells and immature thymocytes by NK cells [91, 92] and the lysis of 
normal tissue in longer term assays by cultured effectors [92] cautions 
against the ready acceptance of this approach. 

Addition of T cell mitogens to the limiting dilution assays induces a dose 
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dependent rise in proliferative frequency in the small T cell pool. One of 6 
cells produce IL-2 dependent microcultures in the presence of 2 J-lglml PHA, 
but the proliferative and cytotoxic frequency of LGL does not change 
markedly in the presence of lectins. Stimulation of T lymphocytes with 
consequent release of IL-2 and interferon can thus expand a subpopulation 
of NK-like cells as well as specific effectors. In mixed lymphocyte-tumour 
cultures this dual stimulation by tumour cells has been verified [61, 94] with 
expansion of both autologous killers and killers of K562. The number of 
lymphocytes responding to tumour stimulation in MLTC has also been 
quantified using limiting dilution analysis with peripheral blood lympho
cytes and tumour infiltrating lymphocytes as responders. 

It was anticipated that there might be a concentration of reactive lympho
cytes within the tumour mass. This proved to be the case. The experimental 
protocol of these assays is presented in Figure 1. Lymphocytes from 16 
patients were dispensed under limiting dilution conditions in the presence 
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Figure 1. Experimental protocol for quantitation of tumour-reactive lymphocytes in blood and 
tumour. Peripheral blood and tumour infiltrating lymphocytes were separated on discontinuous 
ficoll-isopaque gradients and cocultivated with irradiated autologous tumour cells and blood 
mononuclear cells for 7 days in 96 well round bottomed plates with conditioned medium. Well 
contents were divided into four plates with fresh conditioned medium, incubated for a further 7 
days and proliferative and cytotoxic frequencies assessed on day 14. 'Clones' of reactive cells 
could be taken from the fourth plate. 
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of irradiated autologous tumour cells, conditioned medium and peripheral 
blood mononuclear cells as feeders. After seven days in culture, well con
tents were split into four and growth continued in fresh medium and CM 
before enumeration of proliferative, autologous cytotoxic and NK precur
sors. In the absence of tumour stimulator cells, TIL showed a relatively high 
spontaneous response to lectin-free IL-2. In the peripheral blood of cancer 
patients the proliferative frequency was closely similar to that of a large 
series of healthy donors as stated before (approximately 1/5000 cells). 
Tumour-infiltrating lymphocytes responded with a proliferative frequency 
of 1/ 1000. Studies are in progress to determine if direct cloning of TIL 
without in vitro stimulation is a means by which highly active anti-tumour 
effectors may be obtained. The higher spontaneous proliferation frequency 
in TIL suggests that this population is 'activated' in vivo as suggested by 
other authors using different techniques [95]. Cocultivation of responder 
lymphocytes and autologous tumour increased the proliferative frequency in 
both PBL and TIL in the majority of cases studied and particularly in 
squamous cell carcinoma of the lung. In the whole series the proliferative 
frequency of PBL and TIL rose approximately 5-fold to 1/1000 and 1/200 
respectively. The higher proliferative frequency of TIL was reflected in a 
higher frequency of autologous killers in assays where 51Cr labelled targets 
were added to limiting dilution assays. However, the frequency of K562 
killers was highest in PBL. It is of interest that K562 killer precursors were 
present in TIL when, at least in short term assays, direct killing of this target 
was not found [96]. Similar findings have suggested to others that the lym
phokine-activated killers are not NK but represent a maturational stage ofT 
lymphocytes [74]. Some support for this view comes from the observation 
that IL-2 dependent LGL-derived cultures show mature T lymphocyte phe
notype rather than that characteristic of fresh NK cells. However, cells 
staining with Leu 7 (antihuman NK) are present in small numbers in 
tumour and tonsils (Hughes, unpublished finding). The identification of 
cells in the LGL fractions which proliferate in response to IL-2 is currently 
in progress using micromanipulation techniques to derive unambiguous 
clones from cells of defined phenotype. 

The results of the frequency analysis of proliferative and cytotoxic precur
sors stimulated in MLTC is in accord with the studies ofVanky et al. [61]. 
They noted that ML TC was the most efficient inducer of specific autologous 
tumour killers although stimulation was accompanied by increased lytic 
activity against K562. Using MLTC, lysis of allogeneic tumour was only 
rarely seen. However, as detailed above, autologous tumour killers can also 
be induced by stimulation of patient PBL by mixed lymphocyte culture 
mitogens and even lectin free IL-2 preparations. It is possible that the IL-2 
stimulation is the common feature of each of these [74] since our own stu-
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dies have shown IL-2 production in MLTC particularly from TIL. Cold 
target inhibition assays in MLTC stimulated cultures confirm tumour spe
cificity with blocking of lysis only apparent when fresh autologous tumour 
cells but not lymphocytes are used as inhibitors [97]. 

The studies described above detail the methods which have been found 
useful for the generation of cells which recognise autologous tumour in prol
iferative and cytotoxic assays. We have taken advantage of the selective 
capacity of IL-2 to expand activated cells i.e. those upon which interaction 
with the stimulating antigen has induced the IL-2 receptor. Following sti
mulation in MLTC, blasts were isolated on discontinuous Percoll gradients 
using methods which have improved specificity in cultured T cells (CTC) 
derived from MLC [98-100]. These MLTC blasts were then expanded in 
CM to given MLTC-blast-CTC. The cytotoxic activity of these lines as well 
as their restimulation upon exposure to cells of the autologous tumour has 
been measured after at least 10 days in culture during which time cell num
bers increased over lO-fold. Cytotoxic reactivity of MLTC-blast-CTC 
showed the same pattern of reactivity as fresh effectors or those generated 
following in vitro stimulation i.e. was restricted to cells of the autologous 
tumour. In this respect the lines obtained are similar to those of other 
groups raised against solid tumours [97] and autologous EBV-infected B 
lymphoblastoid cell lines [101-102]. In the latter system cytotoxicity was 
restricted by HLA and extensive mapping studies have been carried out to 
show restriction to EBV antigens associated with HLA A Band C specifi
cities [102J. Similar studies are envisaged in the solid tumour systems 
although the availability of sufficient tumour cells to allow maintenance of 
cell lines and repeated specificity assays presents some problems. Specificity 
of MLTC-blast-CTC has been established using a panel of tumour targets 
both matched and mismatched with the autologous tumour with respect to 
site and histology as well as autologous and allogeneic monocytes and lym
phoblasts. The lysability of targets used was confirmed, using autologous 
MLTC-blast-CTC or MLC-blast-CTC. More recently, we have been able to 
test against cell preparations from autologous normal lung in patients with 
pulmonary neoplasia. In 6 cases normal lung was not killed when tumour 
preparations were lysed by MLTC-blast-CTC. These data must be inter
preted with caution since in no case would the normal lung preparation 
correspond in cytology to that of, for example, squamous cell carcinoma. 
Normal lung preparatins show highly variable cytology with many cell types 
represented. MLTC-blast-CTC showed relatively low cytotoxicity against 
K562 compared with stimulated cultures which were not blast isolated [84]. 
However, in some cultured lines anti-K562 killing persisted together with 
the autologous killers. The exact significance of this finding is not clear, but 
our present attempts to clone both effector types (specific and NK) which 
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have met with some initial success, should help in this area. To date we do 
not have clones with specific cytotoxic reactivity against autologous tumour 
but in agreement with others we have been able to clone K562 killers from 
both MLC activated populations [86, 87, 103] and LGL fractions [91]. Con
tinuing effort is being made in this area. 

In addition to their cytotoxic activity, MLTC-blast-CTC also proliferate 
upon re-exposure to cells of the autologous tumour. In identifying this reac
tivity the primed lymphocyte test introduced by Reinsmoen et al. [104] to 
the study of leukaemia associated antigens has been used. MLTC-blast-CTC 
were washed free of conditioned medium and plated in the presence of 
autologous tumour, lymphocytes, monocytes or allogeneic control cells for 
two days and uptake of eH)-thymidine measured over the last 6 hours of 
culture. In all cases MLTC-blast-CTC were restimulated by cells of the 
autologous tumour but not by autologous or allogeneic monocytes or lym
phocytes. In contrast to the restriction of cytotoxicity to autologous tumour 
PLT responses appeared to be confined to cells of a particular organ site and 
histology. In three tumour types where sufficient numbers have been exam
ined, we have recorded cross-reactivities among colon, breast and lung 
tumours, but in no case did lung stimulate colon or breast. Among the lung 
tumours where different histological types of tumour are found, squamous 
cell carcinoma MLTC-blast-CTC were stimulated by autologous and allo
geneic squamous cell tumours, but not by adenocarcinoma cells. It was 
anticipated that PLT responses like those to soluble antigens [105, 106] 
would be restricted by la region determinants. Experiments are currently in 
progress with anti la antisera to try to clarify this response, but it is of 
interest that a similar cross reactivity between leukaemias has been des
cribed using PL T responses of cloned T cells [107] and preliminary evidence 
with our own cloned lines showed cross reactivity among the squamous cell 
carcinomas of lung (Vose, unpublished findings). 

The studies detailed in this section have been directed towards the esta
blishment of cultured T cell lines with specific reactivity towards autologous 
tumour. The lines and clones which are now available should enable us to 
more thoroughly identify the nature of the antigens involved in these reac
tions. Experience to date appears to exclude reaction against self D/DR 
(failure to lyse or undergo secondary stimulation with autologous lympho
cytes or monocytes) but it has yet to be shown that other normal tissue 
components (differentiation or organ related antigens) are involved. To a 
large extent the studies are limited by availability of suitable controls. How
ever, in pursuing these goals the use of these lines in passive cellular immu
notherapy has been considered and a trial is currently envisaged. 



144 

4. CELLULAR IMMUNOTHERAPY WITH CULTURED T LYMPHOCYTES 

The first attempt to alter clinical course in cancer patients by injection of 
autologous cultured cells were made by Moore and Gerner in 1970 [108]. 
Autologous lymphocytes were taken into culture in RPMI 1640 supple
mented with foetal calf serum under conditions where 20- 50 % of cells were 
immunoglobulin producers and contained herpetic-like virus particles simi
lar to those found in cultures from Burkitt lymphoma. Three patients with 
advanced malignancy received injections of between 1 and 100 grams of 
cultured cells without clinical benefit. Three further patients were given 
multiple injections of autologous cultured cells receiving in total between 
362 g and 672 g lymphocytes. In two of the three patients there was short 
lived subjective response. Another group of patients were infused into dif
ferent sites with allogeneic lymphocytes cultured for 3 days with irradiated 
tumour cells from the recipient. No clinical response was noted even in five 
patients receiving between 115 and 236 grams of lymphocytes. 

More recently, autologous lymphocytes from three patients with pulmon
ary metastases from sarcomas were expanded in conditioned medium con
taining IL-2 [109]. Conditioned media were prepared by stimulation of 
pooled leukocytes from 4-6 donors with phytohaemagglutinin. No attempt 
to remove lectin was reported. Infusion of cultured cells (1.5-5 x 109) did 
not induce reduction in size or number of pulmonary metastases. 

The importance of these studies is that they establish that infusion of 
large numbers of autologous cultured lymphocytes are not associated with 
gross toxicity. Moore and Gerner [108] describe the adverse effects of cell 
infusion as fever and chills during treatment and for several hours after
wards with infrequent nausea. Lotze et al. [109] report no toxicity or 
changes in blood chemistry or haematological profile. Similar studies in 
chimpanzees in which 109 MLC primed autologous lymphocytes were rein
fused also found little toxicity [110]. No significant changes of total white 
count, absolute lymphocyte count, or renal function occurred. Transient 
increase of SGOT and in one chimp of SGPT were noted in the first 24 
hours but liver biopsy was normal. A weak antibody response to PHA (used 
in preparation of CM) was found but no activity was detected against the 
cultured T cells used for infusion. In spite of the lack of gross toxicity upon 
reinfusion of cultured lymphocytes, there are clearly a number of other pro
blems to resolve before cellular immunotheapy of human cancer becomes a 
reality. 

4.1 The introduction of transformed cells 
A major concern with this form of treatment is the introduction of cells 

transformed in culture. As a minimum estimate, it should require 4-6 



145 

weeks in culture to obtain the large number of specifically activated cells 
required for trials. In our own studies we have grown 5 x 108 cells (approx
imately 10-20 doublings) from culture initiation with 5 x 105 MLTC blasts 
in 4 weeks. Moore and Gerner [108] found no evidence that cultured cells 
induced a leukaemic state and this has not been found in animal studies. Indeed, 
the strict dependence of cultured T cell maintenance on addition of 
IL-2 as well as the stability of karyotype of cells maintained in the presence 
of antigen and feeder cells over prolonged periods in both animal [111] and 
man (Vose, unpublished findings) argue against this possibility. However, 
murine CTC maintained on IL-2 alone have shown karyotypic abnormali
ties [112] and initial clinical studies must therefore be necessarily restricted 
to patients with advanced disease in the absence of firm in vivo data. Expec
tation of clinical benefit with lymphocytotherapy may, however be limited 
because cultured T cells are so critically dependent upon exogenous IL-2 for 
continued proliferation. Without IL-2 cells complete the cell cycle, collect in 
Gland die as blast cells if further growth factor is not added. It is therefore 
possible that unlike the situation in which normal autologous [113] or HLA 
compatible [6] fresh cells are injected, persistence of CTC in vivo will be 
short unless there is contemporaneous administration of IL-2 as has been 
shown to be effective in murine passive cellular immunotherapy [114] or 
unless cultured T cells could be induced to secrete IL-2 in vivo upon stimu
lation with the antigen. It is for this reason that we view the capacity of our 
CTC lines and clones to be restimulated in PLT assays by tumour in the 
absence of added IL-2 as critical. The administration of CM containing IL-2 
in man has been reported by Hersey et al. [115]. Intravenous injections of 
CM showed that the time for clearance of half the IL-2 activity was 22.5 
minutes and was associated with neutrophilia, lymphocytopenia and pyrexia 
as well as glucocorticoid release and hypoglycaemia. Interestingly, following 
this in vivo administration lymphocytotoxicity against cultured autologous 
melanoma cells was detectable which was not evident in the untreated 
patient. Again the nature of the effector cell is unknown. In crude stimulated 
lymphocyte supernates it is not possible to identify the role fo IL-2 or other 
lymphokine/monokines in the preparations in the clinical effects seen. How
ever, administration of purified IL-2 and aUoantigen, significantly increases 
the level of both allospecific kill and NK in murine studies [78]. The injec
tion of highly purified lymphokine preparations may offer an alternative or 
adjunct to cellular immunotherapy. 

4.2 Lymphocyte traffic 
Methods have recently become available by which human lymphocyte 

traffic can be studied by reinjection of radiolabelled autologous blood lym
phocytes. Isotopes used have included 51Cr chromium, 67Ga Gallium and 
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indium [109, 113]. Labelling with indium-oxine has been found to be most 
useful in studies in man because of its high labelling efficiency, low elution 
and produced gamma emissions ideal for external imaging on gamma 
camera equipment [109, 113, 116]. However, experience in murine systems 
demonstrating compromise of physiological behaviour of small lympho
cytes by intercellular radiation damage [117] means that labelling conditions 
must be carefully controlled for radiation dose for maintainance of normal 
recirculation. In the study of Wagstaffe et al. [113] in man, damaged lym
phocytes were rapidly removed from the blood by uptake to the lung and 
liver with subsequent elimination to the liver. Splenic uptake was minimal. 
By contrast, 20 % of injected viable lymphocytes could be detected in the 
blood over a 48 hour period and there was marked uptake to the spleen at 4 
hours. Lung and liver uptake was minimal. Spleen passage time has been 
calculated as 6-8 hours and there was gradual accumulation of labelled 
lymphocytes in peripheral lymph nodes. Interestingly, Wagstaffe et al. [118] 
have extended their observation to patients with malignancy and have been 
able to show alterations of traffic in leukaemia/lymphoma. Labelled peri
pheral blood lymphocytes accumulate in lymph nodes involved with Hodg
kins disease and at the site of tumour in a patient with abdominal metasta
ses of osteogenic sarcoma. 

The capacity of blood lymphocytes to traffic to secondary tumour depo
sits offers hope that should similar redistribution patterns be maintained in 
anti-tumour cultured T cell lines, their restimulation by putative tumour 
associated antigens may produce IL-2 and lead to persistence at sites of 
disease. However, studies in animal systems have shown that CTC have 
abnormal homing patterns. Alloantigen specific or MSV reactive cytotoxic 
T cell clones fail to eliminate 13lIUDR-labelled tumour cells of appropriate 
specificity in the peritoneal cavity when injected intravenously, although 
they are reactive when injected at the tumour site [119]. Significantly, 
uncIoned secondary MLC cells cultured for 19 days were effective when 
injected IV suggesting that impairment of homing was not a result of cul
ture. Traffic experiments with labelled cloned lines showed accumulation in 
the lungs. These data confirm those of Lotze et al. [109] who used non
clonal cultured murine T cell lines which were taken up by lungs, liver and 
showed minimal accumulation in spleen (4%). As discussed above, lympho
cyte traffic data must be interpreted with the awareness that labelling con
ditions can markedly influence lymphocyte behaviour. The study of Lotze et 
al. [109] reported only 25 % of normal non-cultured lymphocytes in spleen 
at 4 hours and 25 % in liver using 5tCr labelled cells. Using the same isotope 
or Indium III-oxine, Sparshott et al. [117] reported 44 % of cells in spleen, 
3 % in liver and 3 % in lungs with subsequent redistribution to peripheral 
lymph nodes of rats under optimal conditions. Lung/liver accumulation of 
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normal lymphocytes was found only with damaged cells emphasising that 
patterns should be carefully scrutinised before deciding between physiologi
cal migration and artefact. It is possible that cells maintained in IL-2 for 
prolonged periods may be more susceptible to radiation or manipulation 
damage although recent reports suggest a more fundamental deficit in cul
tured T cell clone: the lack of receptors of lymphocytes for high walled 
endothelium as evidenced by their failure to migrate to peripheral lymphoid 
tissue or to bind to frozen sections of lymph node [120] . 

In examining the distribution pattern of Indium III-oxine or 67gallium
labelled cultured human T lymphocytes, Lotze et al. [109] noted preferential 
uptake to liver at 3 hours with lesser counts in lung and spleen. Over 48 
hours radioactivity was concentrated in the liver, although 25 % of total cells 
remained in the spleen. No evidence oflocalisation to peripherallyrriphoid 
organs was presented. The failure of CTC to conform to normal recircula
tion patterns was disappointing and suggested removal of large blast cells at 
the lungs as the first capillary bed. Whether this is attributable to technical 
difficulties in labelling, growth of cells in the presence of lectin or to real 
properties of cultured cells remains to be established. Tumour infiltrating 
lymphocytes appear to represent a population rich in cytotoxic and prolifer
ative precursors reactive with the autologous tumour and a relatively high 
proportion of them spontaneously express the receptor for IL-2 in that they 
proliferate without requirement for in vitro stimulation i.e. they are acti
vated [94]. There is also evidence that TIL produce large amounts of IL-2 
upon stimulation in vitro with autologous tumour cells. These observations 
together with the phenotypic analysis showing elevated numbers of OKT 8 + 
cytotoxic/suppressor cells and activated T cells (Tac+) suggests that trapping 
of reactive lymphocytes at primary tumour sites does occur with concentra
tion of T cells with anti-tumour potential. It is for these reasons that we 
wish to re-examine the distribution pattern of CTC and are currently 
attempting to raise CTC from in vitro activated TIL since these may show a 
more specific homing pattern than those derived from PBL. 

In spite of problems of recirculation of CTC there is growing evidence in 
murine systems that innoculation of sensitised lines can have real therapeut
ic potential (reviewed by Fefer, this volume). Cultured T lymphocytes have 
been used in passive immunotherapy of virus induced leukaemia [121] in 
protecting against otherwise lethal intranasal influenza virus challenge [122] 
and in inducing accelerated skin graft rejection [123]. Again it is not clear if, 
in bringing about their in vivo effects, traffic of injected cells to appropriate 
sites is necessary or if they can be mediated by factor production and acti
vation of host defence mechanisms. 
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4.3 Specificity 
Different authors have taken markedly different views on the type of cul

tured T lymphoid cells which might be effective in passive cellular immu
notherapy. For example, it has been suggested that patients' lymphocytes 
activated by lectin [73] or by growth in IL.;.2 [92, 74, 83] could be used 
because they lyse autologous tumour. Our view has been that reinnoculation 
should only be attempted with highly specific anti-tumour T cells and pos
sibly with clones [67, 84, 97]. The reasons for this are manifold but prime 
among them is the consideration that injected non-specific effectors may 
have deleterious effects on the host. Kedar et al. [92] have shown that in 
long-term (18 hour) 51Cr release assays, autologous and allogeneic normal 
lymphoblasts are lysed by cultured lymphoid effectors and there is to date 
no definition of the effector cell type expanded in IL-2 which lyse a range of 
freshly isolated tumour targets [91J. NK cells are also known to lyse bone 
marrow cells and thymocytes [93] and injected normal lymphocytes do traf
fic to bone marrow [118]. It was because of these considerations that we 
have made strenuous efforts to derive anti-tumour T cells of low activity 
against NK sensitive cell lines and normal tissues. It is also of note that the 
lines we have obtained show both proliferative and cytotoxic activities 
against cells of the autologous tumour [67J. A growing body of evidence 
exists suggesting that in both allograft and tumour rejection in immunocom
promised animals passive transfer can be achieved only with helper T cell 
subpopulations and not by lines of high specific cytotoxic activity [33-36]. 
This does not rule out a contribution by cytotoxic T cells but does suggest 
that activation of other effector mechanisms in vivo may be of prime impor
tance. It may thus be considered that the successful elimination of radiola
belled tumour cells injected intraperitoneally by secondary MLC blasts 
under conditions where cytotoxic T cell clones of the same specificity were 
ineffective reflects not the failure of the clones to recirculate, but their ina
bility to secrete the lymphokines necessary for elimination in vivo [119J. It 
is clear that in human disease, blood monocytes and tumour-associated 
macrophages can have high cytotoxic potential against autologous tumour 
cells but not normal control cells [124]. In addition, recent evidence sug
gests that isolated large granular lymphocytes which mediate NK also kill 
autologous fresh tumour cells [45]. Thus the concentration of tumour im
munologists on the cytotoxic activity of activated populations has enormous 
impact on the view of the nature of tumour-associated antigens, but may 
not be appropriate to experiments of immunotherapy. 

4.4 Suppression 
Human malignant disease is associated with depressed cell-mediated im

munity, particularly in patients with advanced neoplasia. The primary me-
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diators of this suppression are cells of the monocyte/macrophage series 
which exert their effect, at least in part, by secretion of prostaglandin [55-
58]. In addition, studies from this laboratory have shown that at extravas
cular sites (tumour-draining lymph nodes and tumour-infiltrating lympho
cytes as well as in the blood of some patients) T cells may also depress 
mitogen and MLC driven proliferation [58, 60, 125]. 

Other sources of suppression have also been described in the serum of 
cancer patients [125, 126]. Roth et al. [127] were able to extract carbohy
drate structures from different fresh tumours which non specifically inhi
bited proliferation of blood lymphocytes in response to mitogen and atto
geneic cells. Any attempt to induce tumour rejection by administration of 
active effectors must consider the role of this pre-existing state of suppres
sion on the outcome of immunotherapy. The barrier of T cell-mediated 
immunosuppression to immunotherapy with sensitised T cells has been 
demonstrated in murine systems [15]. The reversal of this state of immu
nosuppression induced by the Meth. A fibrosarcoma has been achieved by 
combination therapy using both cyclophosphamide and immune T cells. 
Neither alone were effective in eliminating established malignancy as pre
viously shown for the MSV induced sarcoma and Friend virus leukaem
ia [14,119]. These studies suggest that combination therapy might also be 
important in the treatment of human disease. 

4.5 Tumour heterogeneity 
It is becoming increasingly apparent that tumours consist of' a mixed bag 

of cells' as a result of the evolution of phenotypic variants during tumour 
growth [128, 129]. One manifestation of this is the establishment of meta
stases at different sites which home preferentially to that site [131]. Other 
variants may show antigenic differences with regression or progression 
depending upon the expression of certain membrane components capable of 
inducing T cell-mediated responses [37] or susceptibility to NK [132]. The 
degree of heterogeneity of human disease is apparent from their response to 
chemotherapeutic agents or secretion of marker substances. It is not possible 
to say at this time if this heterogeneity will present a barrier to successful 
immunotherapy, although it is clearly a possibility. The immunogenicity of 
tumour metastases has been studied infrequently, but some positive reac
tions have been found [41]. The heterogeneous nature of tumours may be 
an argument against the use of cloned cytotoxic of helper T cell lines in 
initial studies since MLTC-blast-CTC may more fully express functions 
against a range of different determinants. 
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5. CONCLUSIONS 

In this report we have attempted to review briefly the possible role of 
anti-tumour cultured T cells in immunotherapy. Studies are incomplete and 
a number of problems remain before any real answer to the questions raised 
can be made. 

A number of technical and fundamental problems need to be answered. 
Does the rapid elimination oflabelled infused cells in the lungs and the liver 
in patients studied to date, result from isotopically damaged cells or is this 
pattern of elimination inherent in cultured blasts? If expanded cell popula
tions 'home' to the tumour how great is tumour mediated immunosuppres
sion and can it be overcome? A more fundamental problem is that the 
effector cell may be a helper rather than a cytotoxic T lymphocyte. Howev
er, the relative safety of infusions of large numbers of cultured autologous 
lymphocytes suggests that it is now appropriate to begin to address these 
questions in patients with advanced malignant disease. It is probable, how
ever, that if such treatments are shown to have some effect in advanced 
disease that their major application would be in patients with small tumour 
volumes as in the adjuvant setting or after reduction of bulky disease with 
radiotherapy or chemotherapy. 
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5. Human Tumor Antigens: 
Detection and Characterization with Monoclonal 
Antibodies 

KENNETH O. LLOYD 

1. INTRODUCTION 

The development of a general procedure for the routine production of 
monoclonal antibodies (moAbs l ) of defined specificity [1] opened up a new 
era in tumor immunology. It raised the possibility that answers to such 
basic questions as the existence of tumor-specific antigens in human cancer 
and whether patients are capable of mounting an immune response to their 
tumors would finally be answered. Moreover, the application of monoclonal 
antibodies in the diagnosis and therapy of cancer promises to give thc clin
ician a powerful new approach to the treatment of malignancy. Although 
none of these goals has yet been achieved it is appropriate at this time to 
review progress in this area. 

The power of monoclonal antibodies was realized as soon as the hybri
doma technique was introduced in 1975. In fact, their advantages had been 
appreciated before that time and had led to earlier efforts to produce mon
oclonal antibodies (reviewed in ref. [2]). The most important property of 
moAbs is their precise specificity, that is their ability to recognize a single 
antigenic determinant (epitope) on a complex antigen. It follows from this 
property that any 'cross-reactions' observed must be due to the presence of 
the same antigenic determinant in the cross-reactive component. It is 

[ Abbreviations used. MoAb: monoclonal antibody; Ig: immunoglobulin; MHA: mixed he
magglutination assay; gp: glycoprotein; PAP: peroxidase-anti-peroxidase; PA: protein A; RBC: 
red blood cell; cALL: common acute lymphocytic leukemia; AML: acute myelocytic leukemia; 
T-ALL: T-cell acute lymphocytic leukemia; CML-BC: chronic myelocytic leukemia in blast 
crisis; CLL: chronic lymphocytic leukemia; ATL: adult T-cell leukemia; CALLA: common 
acute lymphocytic leukemia antigen; PBL: peripheral blood lymphocytes; HTL V: human T
lymphoma virus; DMSO: dimethyl sulfoxide; con A: concanavalin A; 132m: 13rmicroglobulin; 
SDS-PAGE: sodium dodecy! sulfate - polyacrylamide gel electrophoresis; CEA: carcinoem
bryonic antigen; SSEA: stage specific embryonic antigen. 

R.B. Herberman (ed), Basic and Climcal Tumor Immunology. lSBN-13: 978-1-4613-3875-8 
© 1983. Martinus Nijho.ff Publishers. Boston. 
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important to realize, however, that the component (protein, glycoprotein, 
glycolipid, etc.) does not have to be biochemically identical to the original 
antigen but merely that it carry the same or very closely related determi
nant. This in contrast to the situation with even the best absorbed antise
rum which may contain antibodies of unknown specificity in addition to the 
desired antibody. In practical terms, the ability to produce an antibody to a 
single antigen in a complex mixture, by selecting for the appropriate hybri
doma clones, and the continued availability of the antibody-secreting cell 
line are important advantages. Monoclonal antibodies also have disadvan
tages and problems. A minor drawback is their inability to form immuno
precipitates, in immunodiffusion gels or in solution, with antigens having 
only one determinant for the antibody. A more serious limitation is some
times the precise specificity of the antibody - the very property that is so 
prized in most applications. An example of this is the inability of many 
moAbs prepared to cell surface antigens to recognize denatured, precursor, 
or in vitro translated forms of the antigen. Polyclonal antisera would usually 
have at least a small proportion of antibody reacting with all forms of the 
antigen. 

The format of this review will be to discuss first the results with different 
tumor types and this will be followed by a more speculative section on the 
nature and classification of the antigens detected. Certain areas such as the 
application of moAbs to diagnosis and therapy, a currently evolving field, 
will not be discussed. 

2.. MALIGNANT MELANOMA 

Melanoma, together with leukemias-lymphomas, are the human tumors 
that have been most studied using mouse monoclonal antibodies. The rea
son for the emphasis on melanoma would seem to be the availability of 
many cell lines derived from this tumor and because of previous interest in 
the immunology of melanoma stemming mainly from the analysis of anti
bodies in the sera of melanoma patients reacting with their own or allogene
ic tumors (reviewed in ref. [3]). Specificity studies havc been somewhat 
hampered by the difficulty of analyzing the normal cell counterpart, i.e. 
melanocytes. This problem has, however, been largely resolved by the 
recent development of methods for the short term culture of melano
cytes [4], nevus cells [5] and by the use of tissue sections of normal skin. 

Melanomas and cell lines derived from them exhibit great heterogeneity 
in cell morphology, pigmentation and other characteristics [6-8]. These dif
ferences may reflect the malignant transformation of melanoblasts-melano
cytes in different differentiation stages, although this view is far from being 
confirmed (see Section 2.13). The picture is further confused by uncertain-
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ties in the precise origin of the various types of melanoma; some investiga
tors believing that some melanomas originate from nevi and are therefore 
distinctly different from those originating from melanocytes [9]. Whatever 
the origin of the heterogeneity in melanomas and melanoma cell lines, it 
results in an additional complication in the analysis of monoclonal antibod
ies prepared to this tumor. Since the initial study of Koprowski et al. [10] in 
1978, over 30 papers have been published on the development and analysis 
of mouse monoclonal antibodies to malignant melanoma. These investiga
tions have resulted in the description of approximately 60 different moAbs 
and it was therefore very gratifying that a workshop arranged by the Nation
al Cancer Institute in April of 1982 could agree on the grouping of these 
reagents into only 10-12 different antigenic systems [11]. At the time of 
writing no antibody defining an antigen strictly confined to melanoma cells 
has been described, nevertheless, a number of these antibodies have suffi
ciently restricted specificities to be worthy of further study. Table 1 sum
marizes the data available on antibodies to malignant melanoma with the 
reagents being arranged according to the molecular weight of the antigen 
detected. 

2.1 High molecular weight antigen complex 
A number of groups have described moAbs detecting a group of high 

molecular weight antigens [12-14]. These antibodies (e.g. 225.28, 653.25/40, 
9.2.27 and Mel-14) are highly reactive with almost all melanoma cell lines 
and tumor tissues tested. Some astrocytomas and skin carcinomas also react 
with these moAbs [11]. Although this group of moAbs is unreactive with 
most other tumors and normal cells and tissues tested, there is definite 
reactivity with blood vessel walls and with nevi. Normal adult and fetal 
fibroblasts and hair follicles may also be weakly reactive [11]. Melanocytes 
in sections of normal skin were reported [15] to be unreactive with 225.28 
(using indirect immunofluorescence) whereas cultured melanocytes were 
weakly positive using the anti-mouse Ig-MHA assay [11]. Cryostat sections 
of both melanomas and nevi exhibited a fluorescent membrane pattern 
when stained with moAbs 225.28. All types of melanoma lesions tested were 
positive (with moAb 653.25) and there was no relationship to the clinical 
stage of the tumor, with the degree of invasiveness of primary tumors or 
with the melanotic nature of the tumor [16]. Considerable heterogeneity of 
staining within a given tumor was, however, noticed, the significance of this 
finding, which has been observed with other antibodies and in tumors other 
than melanoma, is at present unclear. In summary, the antigen(s) expressed 
by this group of moAbs is strongly expressed on melanomas with most 
other cells and tissues, both normal and malignant, being negative or weakly 
positive. The antigen is not strongly expressed on skin melanocytes but can 
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be detected on skin nevi and cultured melanocytes; this result indicates that 
synthesis of this antigen is stimulated or activated in pigmented cells 
undergoing proliferation. There is some difference in the pattern of reactiv
ity between the various moAbs of this group. These variations may be due 
to the reactivity of the antibodies with different determinants on the same 
antigen(s). There is some indication that the high molecular weight complex 
is antigenically heterogenous since some moAbs precipitated only a subpo
pulation of the molecules [11] . 

This group of antibodies immunoprecipitates a complex series of high 
molecular weight components from melanoma cells. From the cell lysates 
labeled with eH] valine [16, 14], a component with a molecular weight of 
240-280 kd was precipitated together with a higher molecular weight com
ponent (100-1000 kd) which barely entered a 5% acrylamide SDS-PAGE 
gels. The mobilities of the components are unchanged under reducing con
ditions indicating that they are not linked by interchain disulfide bonds. 
Although the molecular weight of the antigen recognized by these moAbs 
resembIcs fibronectin, it seems clear that it is a distinct entity. Further stu
dies [17] have shown that the antigen recognized by moAb 9.2.27 (and pre
sumably other members of the group) is a proteoglycan complex. The lower 
molecular weight (240-280 kd) component is a sialoglycoprotein with N
linked carbohydrate chains, whereas the higher molecular component con
tains sulfate groups, has carbohydrate chains susceptible to alkaline fJ-elim
ination and is digested by chondroitinase. Evidence to date suggests that the 
antigen detected by these moAbs is a chondroitin sulfate-type proteoglycan 
and that the 240- 280 kD chain is the' core' glycoprotein of such a complex. 
MoAb 9.2.27 seems directed against determinants in the core glycoprotein; 
whether this is the case with the other antibodies has yet to be deter
mined. 

In keeping with its proteoglycan nature, the antigen detected by this group 
of antibodies does not behave as an integral membrane protein. It can be 
extracted from melanoma cells under mild dissociating conditions such as 
0.1 M urea and even by phosphate buffer [14, 16]. In fact moAb 9.2.27 was 
produced by immunizing a mouse with a 4 M urea extract of M 14 melano
ma cells. Although the antigen detected by moAb 9.2.27 is shed into the 
culture medium of cells growing in a chemically-defined medium [14], this 
does not seem to be the case when the cells are grown in RPMI medium 
containing fetal bovine serum [14]. 

Antibody 691-19-19 [10] also precipitates a high molecular weight antigen 
(240,000 daItons) but since the antigen is not associated with a very large 
component it would seem that this antibody recognizes an antigen different 
from the proteoglycan complex type [11]. Although the specificity of the 
antibody is very similar to the first group in that it react mainly with mela-
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nomas, astrocytomas and nevus cells, it is reactive with a lower proportion 
of melanomas than are the other moAbs. 

2.2 Gp2JO and gpJ55 
Antibodies 5. I and 6.1, produced by immunization with cultured mela

noma cells [18], were not as restricted in their patterns of reactivity as the 
antibodies described above. MoAb 5.1, which precipitates a protein of 
210,000 daltons from melanoma cells, reacted with approximately half of all 
melanoma and carcinoma cell lines tested. The antigen is also present in 
normal adult brain and on fetal brain and heart. MoAb 5.1 was reported not 
to react with normal melanocytes. The other antibody described in this 
study (moAb 6.1) reacts most strongly with melanomas and renal cancer 
cells. An interesting aspect of the specificity of this antibody is that although 
it precipitates a 150,000 dalton protein from melanoma cells, two compon
ents of approximately 250,000 and 60,000 daltons were identified in renal 
cancer cells. 

2.3 GpJ30 
A number of moAbs have been derived which recognize a glycoprotein 

with a molecular weight in the 120,000-130,000 range [19, 20]. These anti
bodies react with most melanoma and astrocytomas. A few carcinomas and 
cultured normal kidney epithelia cells also carry the antigen recognized by 
these antibodies. Immunofluorescent antibody studies have shown that this 
antigen is strongly expressed on blood vessel endothelia and normal smooth 
muscle cells. Gp130 (originally referred to as gp150 in reference [19]) was 
originally detected in a study in which melanoma cell line SK-MEL-28 was 
used as the immunogen; four different antibodies (N9, R23, Q16, and Q24) 
were derived. More recently another group of antibodies (moAbs 846, 829 
and 239) have become available which also identify gp 130 [21]. Another 
laboratory has described a moAb (436 G 10) that identifies an antigen with 
an almost identical weight [20]. Although moAb R23 and 436.G 1 0 do not 
block each other in binding assays, it would seem that they react with the 
same glycoprotein. This group of moAbs recognizes at least four different 
epitopes on gp 130 [21]. 

Gp 130 is a very acidic glycoprotein with an isoelectric point of 4.2; this 
characteristic seems to be related to the high sialic acid content of thc antig
en [19]. The glycoprotein binds to wheat germ agglutinin, a property that 
indicates the existence of regions of clustered sialylated carbohydrate chains 
in the molecule. Biosynthetic studies using pulselabeling experiments and 
tunicamycin have shown that the peptide chain of gp 130 has an apparent 
molecular weight of only 80,000 [21]. This form is converted in the cell into 
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the mature form Via an intermediate form with a molecular weight of 
100,000. 

2.4 GpJJ6/95/29/26 complex 
MoAb 69-115-Nu-4-B reacted preferentially with cultured melanoma and 

astrocytoma cells in binding assays [10]. The specificity was later confirmed 
by examining sections of melanomas, nevi and normal skin [22] ; only mela
nomas (17/17) stained with moAb Nu 4B. Other normal tissues have not yet 
been examined. 

This antigen has an unusual four chain structure [23, 24]. The molecular 
weight of the native antigen is about 250,000; it consists of four subunits of 
apparent molecular weights of 116,000, 95,000, 29,000 and 26,000 daltons. 
The 116 kD component is linked to the 29 and 26 kD by disulfide bonds 
and the 95 kD component seems to be associated with the complex by non
covalent interactions. It is not known whether only one of the four chains 
carries the Nu 4B antigenic determinant or whether the determinant is pre
sent on more than one of the chains. 

2.5 Gp95 
A glycoprotein of approximately 95,000 daltons is the best studied mela

noma cell surface antigen. Ten different moAbs (lIZ, Ks, Lb LlQ, R 19, M 17, 

96.5,4.1, 8.2 and 118.2) reacting with this antigen, which is referred to as 
gp95 by Dippold et at. [19] and p97 by Woodbury et at. [25I, have been 
described. 

Approximately half of all melanoma cell lines tested express high levels of 
gp95. The antigen can be detected using immunofluorescence or PAP tech
niques on a similar proportion of melanoma tumors. The antigen is also 
present on astrocytomas and a few epithelial cancers [19, 25]; other cell 
types express a very low amount of gp95. Recent studies on tissue sections 
using immunofluorescence or PAP techniques have shown that some anti
bodies in this group react with sweat gland epithelia in normal 
skin [26, 11]. 

The quantitative expression of gp95 in a large variety of cells and tissues 
has been determined using a double-determinant immunoassay (DDIA). 
This assay uses two moAbs reacting with two different antigenic determi
nants on the same antigen and is a highly specific and sensitive assay for 
p97 [27]. Of the cultured cells studied using this procedure, SK-MEL-28, 
the immunizing cell line, contained most p97 and bound 270 ng of moAb 
96.5/mg membrane protein. Other melanoma cell lines had reactivities in 
the 58-170 ng/mg range whereas fibroblasts reacted in the 0.3-4.8 ng/mg 
range. Application of the assay to tumor samples showed a wide variation in 
the expression of p97; of the melanomas examined, 4 had binding levels of 
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Table 2. Epitopes of melanoma gp95 antigen recognized by monoclonal antibodies (cf. ref. 
[28)). 

Expressed on 
Epitope Antibodies recognizing epitope 40 kd fragment 

a 96.5, 4.1, M17 Yes 
b 118.1 Yes 
c 8.2, L1, LIO , Rl9 Yes 
d Il2 No 
e Ks No 

150-610 ng/mg, 6 had intermediate binding levels of 13 -75 ng/mg and 6 
had very low levels (0.1-6.8 ng/mg). These results are in good agreement 
with the reactivity of anti-p97 antibodies with tumor sections using immu
nohistological procedures. When normal adult tissues were examined using 
the DDIA method it was found that all tissues contain detectable amounts 
of p97; levels ranged from 0.4 ng/mg in skin to 10 ng/mg in uterus. Some 
fetal tissues, particularly colon, expressed substantial amounts of the antig
en. 

A considerable amount of information is also available on the biochem
ical properties of the antigen detected by this group of antibodies. The 
antigen can be labeled metabolically with both 35S-methionine and 3H-glu
cosamine, indicating that it is a glycoprotein [19]. Its isoelectric point is 5.0 
and it binds to concanavalin A but not to wheat germ agglutinin [19]. The 
molecule does not exist as a disulfide-linked dimer or multimer [25]. This is 
in contrast to another cell surface antigen with a similar subunit molecular 
weight detected by OKT-9 and other moAbs (see Section 12). It has been 
shown that some of the moAbs reacting with gp95 identify different epi
topes on the molecule. This was originally indicated by small differences in 
the ability of the antibodies to react with certain cell lines [19]. Later, bind
ing studies [28] using 125I-Iabeled moAbs showed that the 10 different anti
bodies recognized 5 different epitopes (Table 2). Information is also availa
ble on the localization of the determinants in the gp95 molecule. Digestion 
of gp95 with either trypsin or papain results in the formation of a protease
resistant fragment of 40 kd [19, 28]. This fragment carries the antigenic 
determinants for 96.3, 4.1, M 17, 118.1, 8.2, L1, LIO and RI9 moAbs but not 
for the other two moAbs. This peptide can also be released by proteolysis of 
intact cells and it carries at least some of the carbohydrate chains of the 
antigen [28] . 

Recent studies have also suggested a biological function for this glycopro
tein. Brown et al. [29] purified gp95 by affinity chromatography and deter
mined its N-termi'lal amino acid sequence using a new, highly sensitive 
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p97 

Transferrin Val Pro Asp Lys Thr Val Arg Trp Cys Ala Val Ser Glu His Glu 

Lactoferrin Ser Gin Pro Glu 

Figure 1. N-terminal amino acid sequence of melanoma p97 antigen compared with that of 
transferrin and lactoferrin. Shared amino acids residues are boxed (ref. [29]). 

protein sequenator. By comparison with the amino acid sequence of other 
proteins, gp95 was found to have sequence homology with transferrin and 
lactoferrin (Figure 1). Although moAbs to gp95 do not react with transfer
rin, a mouse antiserum to denatured gp95 cross-reacted with denatured 
transferrin thus indicating a structural relationship between these proteins. 
Like transferrin and lactoferrin, gp95 binds iron. When melanoma cells were 
incubated with 59Fe and lysed in non ionic detergent, approximately 4 % of 
the added 59Fe could be bound by moAb to gp95. Other unrelated antibod
ies bound less than 0.05 % of the added iron. Although these studies need to 
be confirmed by direct functional studies, they suggest a role for gp95 in 
iron binding and possibly transport in melanoma cells. 

2.6 Gp94 
MoAb 376.96 reacts with an antigen having a molecular weight (94 kD) 

very similar to that of the antigen detected by the above group of antibod
ies [30]. Preclearing experiments with moAb 112 showed, however, that the 
antigens were not identical. Moreover, gp94 has a different tissue distribu
tion than gp95. Thus, the former antigen is widely distributed on carcino
mas as well as on melanoma cell lines whereas gp95 is mainly confined to 
melanomas. In indirect immunofluorescent antibody tests, most normal tis
sues were negative for gp94 although weak staining was given by stomach 
epithelium and some basal epidermal cells. Primary (15/18) and metastatic 
(13120) melanomas gave positive staining reactions, as did 6/12 skin basal 
and squamous cell carcinomas. Interestingly, the fluorescence was less 
bright in metastatic melanomas than in primary melanomas. Among benign 
skin lesions, moAb 376.96 stained compound nevi (5/8) but not blue nevi 
(0/6) or other pigmented skin lesions (0/6). 

The antigen detected by moAb 376.96 was shown to be a glycoprotein by 
metabolic labeling with 3H-glucosamine and surface labeling with 125I_Iod_ 
ine. Gp94 does not exist as disulfide-linked polymers. As it is easily released 
from the cells, e.g. by extraction with 10 mM phosphate buffer, 3M KC 1 or 
0.1 M urea, it is probably not an integral membrane component. A glyco
protein of 94 kD was also precipitated by moAb 376.96 from bladder car
cinoma cell lines (MANa and T -25) and from a prostate carcinoma cell line 
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(H 494). MoAb 705F6 [20, 11] seems to detect the same antigen as 
376.96. 

2.7 gp94175170130 complex 
MoAb 465.12 identifies an antigen which has been localized as a cytoplas

mic component as well as being released into culture supernatants [15, 31]. 
Indirect immunofluorescent staining of tissue sections showed that this 
antigen was detectable in most melanoma cell lines and tumors but not in 
skin melanocytes. The expression on other normal adult tissues was varia
ble, with colon and rectal epithelial cells being strongly positive, some tis
sue, such as breast and kidney, showing weak expression and others, such as 
brain and liver, being negative. Interestingly, tumors deriving from tissues 
normally unreactive with moAb 465.12 were positive for the antigen. Most 
intradermal and compound nevi also stained with this antibody. The pat
tern of immunofluorescent staining in melanomas and other cells was of 
granular nature and located in the cytoplasm of the cell; no plasma mem
brane staining was noticed, although since melanoma cells show low binding 
to moAb 465.12 as detected with 125J_protein A, small amounts of the antig
en may be expressed on the cell surface [31]. 

Structurally, 465.12 antigen extracted from melanoma cells consists of 
four glycosylated proteins of 94,000, 75,000, 70,000 and 25,000 daltons; the 
75 and 70 kd components are most strongly labeled with 3H-glucosam
ine [31]. This antigen is also shed into the culture medium of melanoma 
cultures; in this form, the 94 kD component predominates. Treatment of 
cell cultures with tunicamycin reduces the amount of 46.512 antigen that is 
secreted. The relationship of the secreted to the cytoplasmic forms of this 
antigen is unclear, as is the interrelationship of the four chains of the cellular 
forms to each other. The 75 kd component incorporates only [3H]mannose 
and eH]glucosamine and may therefore have high mannose-side chains 
characteristic of a biosynthetic precursor of one of the other chains. 

By immunization of mice with a partially purified spent medium antigen 
from melanoma cells, Chee et a1. [32, 33] derived a moAb (FII) that reacted 
with melanomas and carcinomas and their spent medium components. 
Although they have not as yet been directly compared, it seems possible 
that moAbs FIt and 465.12 react with the same antigen. MoAb FII preci
pitated three components (l00, 77 and 75 kD) from extracts of 3H-gluco
samine labeled cells, however pulse-chase experiments strongly indicated 
that the two smaller glycoproteins were biosynthetic precursors of the 
100 kd antigen. Intercstingly, neuroblastoma cells, which also react with 
moAb F1I, secrete an antigen with a smaller molecular weight of 
90,000 [33]. 
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2.8 Gp74 and Gp49 
Two antibodies (15.75 and 15.95), derived from the same fusion, were 

found to react with melanomas (8/9 cell lines) and with various carcino
mas [34]. Lymphocytes, red blood cells and fibroblasts were found to be 
unreactive. Fresh melanoma tumor cells were also positive for the antigens 
detected by these antibodies. MoAb 15.95 precipitated a 74 kD component 
from both a melanoma (Ju So) and a breast carcinoma (SK-BR-3) cell line; 
the molecular weight is unchanged by the addition of reducing agent. MoAb 
15.75 immunoprecipitates a monomeric 49 kd glycoprotein from the same 
two cell lines. 

2.9 Antigen 3.1 
Three monoclonal antibodies (3.1, 3.2 and 3.3) derived from a mouse 

immunized with human melanoma cell line Ml804 were found to react 
strongly only with the immunizing cell line [35, 36]. The antigen was 
expressed in smaller amounts in Ml801 and M1477 melanoma lines but not 
in detectable amounts on any of the other cell lines tested. The antibodies 
did not precipitate any components from labeled cells and the biochemical 
nature of the antigens is unknown. Antibody 3.2, which is a IgG2a immu
noglobulin, is cytotoxic to melanoma cells in the presence of complement 
(CDC) and can mediate antibody-dependent cellular cytotoxicity (ADCC). 
This is in contrast to moAb 3.1, a IgG 1 antibody, which is only weakly 
active in these assays [37J. 

2.10 Antigens Mel-5 and Mel-7 
These two moAbs were derived from the same fusion as moAb Mel-14 

that identifies the high molecular weight melanoma antigen complex [12] . 
In binding assays, both Mel-5 and Mel-7 bind to melanoma cell lines but 
not with any other tumors or normal cells tested. The antibodies are 
directed against different antigenic determinants but it is not known if they 
react with the same antigen since no biochemical data are available. 

2.11 Ganglioside (GDJ) antigen 
Two moAbs (R24 and 4.2) prepared against melanoma cells have been 

found to identify a ganglioside antigen [19,38,39]. Ab R24, a IgG3 antibo
dy, was found to react with all melanoma cell tested and with 2/5 astrocy
toma cell lines; no other cell line tested using direct serological assays or 
absorption tests was positive. Cultured normal melanocytes were, however, 
found to react with moAbR24 and normal brain tissue gave variable results 
in absorption tests [19]. In later studies [40], using immunofluorescent as
says on tissue sections, moAbR24 was found to react with 33/35 fresh mela
noma tumor samples but not with a variety of carcinomas examined. Skin 
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Figure 2. Partial structures and biosynthetic inter-relationships of some common gang!iosides. 
Modified after Yu and Ando [170]. The inter-residue linkages in the other structures are iden
tical to those in GQ1b : aNANA(2-S)aNANA(2-3)/3Gal(l-4)/3GalNAc(I-4)/3Gal[3 .... 2NA
NAa(S .... 2)NANAa] (l-4)Glc-Cer. Abbreviations: NANA: N-acetylneuraminic acid; Gal: D
galactopyranose; GaINAc: N-acetyl-D-galactosamine; Glc: D-g!ucopyranose. 

melanocytes and occasional, unidentified cells in the dermis were also posi
tive but the antigen could not be detected, within the limit of the technique, 
on any of the other normal tissues examined. MoAb 4.2 (IgM) showed a 
specificity similar to moAbR24, except that a small number of melanoma 
cell lines tested were essentially unreactive [39]. A few other tumor cell ]ines 
(from ovarian, brain cancer and liposarcoma) were also positive, as was 
8402 T-cell line. Binding to normal kidney and lung tissue was also 
observed. 



172 

Early studies showed that moAbR24 detected a heat- and protease
resistant antigen with the properties of a glycolipid [19]. Further inves
tigation [38] identified the antigen as the GD3[NANA(2 ...... 8)NANA(2 ...... 3) 
~Gal(1 ...... 4)Glc-Cer], which had been earlier isolated from brain. This iden
tification was based on carbohydrate composition, partial structural analysis 
and co-migration of the antigen with brain GD3 in thinlayer chromatogra
phy [38]. Furthermore, it was shown that brain GD3 reacts with moAbR24 
but that other gangliosides (GMh GM3, GD1a, and GTlb) were unreactive 
(Figure 2). MoAb 4.2 was also shown to identify GD3 ganglioside [41]. In 
this study, the inter-sugar linkages were fully identified and shown to pre
cisely correspond to brain GD3. One difference from brain GD3 was however 
found: the ceramide of melanoma ganglioside had a predominance of longer 
chain fatty acids (C22:0 and 24:0) whereas brain ganglioside had C18:0 as 
the major fatty acid. 

It had previously been noted by Portoukalian et al. [42] that human mela
nomas have GM3, GM2 and GD3 as their predominant gangliosides. This 
characteristic ganglioside pattern in melanomas was partly confirmed by 
Pukel et al. [38] who showed that most melanomas have a very simplified 
pattern with only GM3 and GD3 as predominant gangliosides. Only MOLT-4 
T -cell line of the other cells studied showed a similar pattern; this finding is 
consistent with the demonstration by Yeh et al. [39] that moAb 4.2 binds to 
8402 T-cell line. When the content of GD3 in extracts of a large variety of 
cells and tissues was estimated using moAbR24 with inhibition assays, the 
distribution of the antigen was found to closely resemble the distribution 
determined on cultured targed cells in the original survey using the PA
MHA assay [38]. A surprising result was, however, obtained when a more 
sensitive assay (detection of antigen separated by thin layer chromatography 
using moAbR24 and 125I-protein A) was used: the antigen was found in all 
samples tested. Two factors probably account for the apparent discrepancy 
between the restricted specificity of moAbR24 when tested against intact 
cells and tissue sections and the ubiquitous presence of GD3 in cell and 
tissue extracts: (i) melanomas have higher levels of gangliosides and GD3 in 
particular than most other cells and (ii) GD3 is localized to the cell surface 
in melanomas whereas in most other cell types it may be an intracellular 
biosynthetic precursor to other gangliosides. 

In immunochemical terms, the high degree of specificity of moAbs R24 
and 4.2 for GD3 ganglioside is remarkable. No detectable cross-reactivity of 
these moAbs with any of the other glycolipids tested was observed [38, 41]; 
these include GTla and GQ1b which share the terminal aNANA(2 ...... 8) 
aNANA(2 ...... 3)PGal- structure with GD3 (Figure 2). 
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2.12 HLA-DR (la-like) antigens in melanoma 
Although originally detected as a B-lymphocyte marker, HLA-DR antigen 

is also expressed on other cell types, including melanoma [44, 45, 8]. Differ
ent cultured melanoma cell lines vary widely in the amount of DR antigen 
expressed; some cell lines have levels equal to or approaching those of B
lymphocytes whereas others have no detectable levels. The majority of cell 
lines express intermediate levels of DR antigen; these cultures are highly 
heterogeneous consisting of mixed populations of cells with high and low 
levels of DR antigen [44]. As will be discussed later, the melanoma cell lines 
lacking in DR antigen are those that are highly pigmented; cultured mela
nocytes are also DR-negative. These original observations were made with 
polyclonal antisera but the results have been confirmed using anti-HLA-DR 
monoclonal antibodies [46, 10,47,48]. With the availability of these rea
gents it became possible to examine melanoma tumor specimens, as well as 
normal skin, nevi, and other tissues for the presence of DR-antigen. All or 
most melanoma lesions expressed DR-antigen although there was consider
able heterogeneity within a single tumor and in the intensity of staining 
between different tumors [40,22]. Normal melanocytes in the skin appeared 
to be DR-antigen negative, as were nevi. Within the context of pigmented 
cells therefore, DR-antigen is a marker for malignancy although, in fact, it is 
probably a differentiation antigen for early cells in this lineage (see Section 
2.13). 

Melanoma HLA-DR antigen resembles lymphocyte DR-antigen in being 
a glycoprotein complex consisting of two non-disulfide bonded sub-units 
with molecular weights of approximately 32,000 and 28,000, respective
ly [23,44]; both chains are glycosylated and are expressed on the cell sur
face [8, 46]. Two-dimensional electrophoresis revealed a more complex pat
tern of chains with most cells producing 1 or 2 heavy chains and 4 light 
chains [46]. A portion of the complexity, at least in SK-MEL-37 cells, is due 
to differences in the degree of sialylation of the chains as neuraminidase 
treatment simplified the pattern to 1 heavy chain and 2 light chains [46]. Of 
the two anti-melanoma DR monoclonal antibodies that have been studied 
in detail, one (691-13-17) detects common determinants and reacts prefer
entially with the biosynthetically complete, dimeric form of the antig
en [23, 46]; the other (16.23) is specific for DRw3 and detects a determinant 
on the light chain of this species [48]. 

2.13 Melanocyte differentiation and melanoma subsets 
With the development of monoclonal antibodies to melanoma antigens it 

became possible to define subsets of melanomas on the basis of their expres
sion of surface antigens. Recently a set of moAbs to cultured melanocytes 
has been produced and the use of these reagents, together with other 



174 

moAbs, has permitted an analysis of melanocyte differentiation and has 
formed the basis of a classification of melanomas based on the expression of 
melanocyte markers [49] . 

Melanocyte antigens detected by this panel of reagents were grouped into 
four categories: (1) not detectable on newborn or adult melanocytes: HLA
DR, M-l, M-2 and M-3, (2) detected on newborn but not adult melano
cytes: M-4 to M-8, (3) detected on adult melanocytes but not on most 
newborn melanocytes: M-9 and M-lO, and (4) detected on both newborn 
and adult melanocytes: M-I1 to M-34. Antigens M-2, M-3, HLA-DR, M-4, 
M-5, M-6, M-9 and M-lO were selected for further analysis on the basis of 
their ability to define melanoma subsets and their expression on fetal/new
born or adult melanocytes. HLA-DR, M-2 and M-3 are expressed on some 
melanoma cell lines but not on melanocytes and these specificities were 
considered to represent an early stage of melanocyte development, not 
represented among newborn melanocytes. Antigens M-4, M-5 and M-6 
appear on fetal and newborn melanocytes but not on adult melanocytes and 
therefore represent intermediate stage markers. Antigens M-9 and M-lO 
were designated as late-stage antigens as they were more strongly expressed 
on adult melanocytes. These results are summarized in Figure 3. Also 
shown is a classification of melanomas corresponding to early, intermediate 
and late melanocyte forms. This classification on the basis of antigen 
expression also correlates with other indicators of differentiation such as 
morphology and pigmentation. Thus, most melanomas belonging to the ear
ly group are epithelioid in shape and lack pigmentation and tyrosinase 
activity; those of the intermediate group have a bipolar, dendritic morpho
logy, while melanomas expressing late markers have a polydendritic mor
phology, resembling adult melanocytes, and are highly pigmented. 

Although these results are valuable in suggesting a classification of mela
nomas, they do not explain the basis for the heterogeneity in melanoma 
morphology, pigmentation and antigen expression. Further work is necessa
ry to determine whether this heterogeneity results from transformation of 
melanocytes in different stages of differentiation with the corresponding 
phenotype becoming 'frozen' in the tumor or whether transformation oc
curs in early melanocytes and this is followed by limited and variable dif
ferentiation of the malignant clone [49]. 

3. BRAIN CANCER 

A number of mouse monoclonal antibodies reacting with brain tumors 
have been produced by immunizations with neuroblastomas [50], astrocy
tomas [51,52], and fetal brain [53]; their properties are summarized in 
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Figure 3. Proposed pathway of melanocyte differentiation based on surface antigenic phenotype 
and morphology (ref. [49]). The phenotype of melanomas corresponding to early, intermediate 
and late stages in the proposed melanocyte pathway is also illustrated. M-2, -3, -4, -5, -6, -9. and 
-10 are antigens described in the text. M-18 is GD3. Reproduced with the permission of the 
authors and the Juurnal of Experimental Medicine. 

Table 3. In addition, many of the moAbs raised to melanomas show reac
tivity with astrocytomas and/or neuroblastomas, presumably because of the 
common embryological origin (neuroectodermal) of the tissues from which 
these tumors arise. 

Kennett and Gilbert [50] produced an IgM moAb (PI 153/3) to a neuro
blastoma cell line that reacted preferentially with neuroblastomas, astrocy
tomas and fetal brain. This antibody identified a 20,000 dalton glycoprotein 
in the neuroblastoma cell line I MR-5 that bound to wheat germ agglutinin 
but not to concanavalin A. Interestingly, the determinant recognized by 
moAb PI 153/3 seems to be carbohydrate in nature [54]. 

Monoclonal antibodies BF7 and GE2 showed selective binding to astro
cytoma (malignant glioma) cell lines but very little or no binding to a var
iety of other cell types, including 3 melanomas and 1 neuroblastoma [51]. 
The antigen detected by these antibodies could not be detected on normal 
adult or fetal brain by absorption tests. MoAbs BF7 and GE2 therefore 
show a high degree I)f specificity for astrocytoma although it still remains to 
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be determined whether the antigen may be expressed by a small population 
of cells in normal brain or elsewhere. Another antibody (CG 12) produced in 
this study had a wider pattern of reactivity and seems to detect an antigen 
common to cells of neuroectodermal origin, both normal and malignant. 

Another antigen showing restriction to neuroectodermally-derived cells 
and a few other cell types, is the Thy-l antigen. A monoclonal antibody has 
recently been raised to this antigen by immunization of mice with human 
fetal brain [53]. It was used to demonstrate the distribution of Thy-Ion 
neuroblastoma, glioma, rhabdomyosarcoma, leiomyosarcoma, teratoma 
cells as well as on normal brain, cultured fibroblasts and 12 % of thymo
cytes. The antibody reacted with a 26,000 dalton component on neuroblas
toma and glioma cell lines. Although this is very similar in size to the 
antigen detected by moAb PI 153/3, the different distribution of the antigen 
suggests that the latter antibody does not detect Thy-l antigen. 

As mentioned above, a high proportion of the monoclonal antibodies 
produced to melanoma cells also show reactivity with astrocytomas and/or 
neuroblastoma cells [10, 19,55-57]. Some antibodies reacted with melano
mas and neuroblastomas but not with astrocytomas but most reacted with a 
proportion of all three cell types. In the latter group, five antibodies ana
lyzed by Carrell et a1. [57] reacted with varying numbers of melanomas, 
gliomas and neuroblastomas but showed no reactivity with any of the other 
cells and tissues examined, including normal adult and fetal brain. In con
trast, a moAb (G 13-C6) raised to a glioma cell line, in addition to reacting 
with a proportion of melanomas, gliomas and neuroblastomas, also reacted 
with fetal brain. The authors suggest that, in comparison to the other five 
antibodies, moAb G 13C6 identifies an antigen characteristic of more ma
ture form neuroectodermal cells. 

In view of their ability to divide brain tumor cell lines into subsets and to 
show varying patterns of reactivity with normal tissues, it would seem that 
most of the antibodies discussed are detecting antigens related to neuroec
todermal differentiation and development. This phenomenon is most clear
ly seen in a recent study by Cairncross et a1. [52] on monoclonal antibodies 
to astrocytoma. lour antibodies (Al225, AOIO, AJ8 and A0122) showed 
reactivity to astrocytomas and related cell types. Their pattern of reactivity 
is summarized in Table 4. Almost all possible permutations of reactivity are 
seen with this panel of antibodies and cells. Within the context of neural 
cells, AJ225 and Al8 represent tumor-restricted antigens in that they are not 
detected on normal brain (within the limits of absorption tests). Neverthe
less, they are not completely 'tumor-specific' as they are also weakly 
expressed on melanocytes and fibroblasts, respectively. The antigens de
tected by moABs AOIO and AJ8 are particularly interesting as they show 
almost mutually exdusive expression on the panel of cells tested. The obser-
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Table 4. Summary of distribution of antigens detected by anti-astrocytoma moAbs on normal 
and malignant cells (ref. [52]). 

Antigen 

Cells Al225 AOIO AJ8 AOl22 

Astrocytomas most + I + or - + or- most + 
Neuroblastomas - or weak + 
Melanomas most - + or - + or - most + 
Brain + + 
Fibroblasts weak + 
Melanocytes weak + + 
T-cell (MOLT-4) + t 

I +: antigen expressed; 
- : antigen not expressed. 

vation that AOIO is present on glial fibrillary acidic protein (GFA) - posi
tive tumors and that AJ-8 positive tumors are GFA-negative, suggests that 
these antigens reflect the state of differentiation of astrocytomas. On the 
basis of AJ8, AOIO and GFA expression the authors suggest that cultured 
astrocytomas can be divided into three groups on the basis of differentia
tion-related phenotypic characteristics. Cultured astrocytomas that are 
AJ8 + / AO 1 0 + /GFA + represent more differentiated cell lines; those that are 
AJ8 + / APIO-/GFA - represent less differentiated cell lines; and those that 
are AJ8 - / AO 1 0 + /GFA - represent a group at an intermediate stage of dif
ferentiation (Figure 4). It will be important to determine whether this clas
sification extends to fresh astrocytoma samples and to determine the distri
bution of these markers in normal brain diffentiation and development. 

Astrocyte Astrocyte Precursors Immature Astrocytes I Mature Astrocytes I 
Differentiation 1-1-------+----------1--------

AJS_ I 
A010 L.I __________ _ 

GFAI _ 

Astrocytoma ~-------4-------+-------___i 
Phenotype Undifferentiated 

(AJ8+ IA010-IGFA -) 
Intermediate 

(AJ8 -IA010+IGFA-) 
Diffe re ntlated 

(AJ8-IA010+ IGFA +) 

Figure 4. Schematic illustration ofrelationship between astrocyte differentiation and phenotypic 
characteristics of cultured astrocytomas based on serological typing for antigens AJ8, AO 10 and 
GFA (glial fibrillary acid protein). Modified from ref. [52]. 
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Human monoclonal antibodies have also been produced to astrocytoma 
antigens. In an early study, Sikora and Phillips [58] produced a number of 
hybridomas by fusing glioma lymphocytes with mouse myeloma lines. 
Although these hybrids produced antibodies to glioma antigens, they were 
unstable and antibody production soon ceased. More recently Sikora et 
al. [59] have produced a number of human-human hybridomas using the 
human myeloma line LICR-LON-HMy2 as the fusion partner with intra
tumoral lymphocytes. Seven of the 71 stable hybrids produced by this pro
cedure secreted antibody reacting with a glioma cell line. Two of the anti
bodies also bound to the HT29 colon cancer cell line but none of the anti
bodies bound to the human fibroblast cells. More detailed studies are 
needed to determine the precise specificity of these antibodies but the for
mation of such a high proportion of anti-glioma antibody-producing hy
brids is significant. 

4. COLORECTAL CANCER 

A number of studies have developed mouse moAbs to colon carcino
ma [60, 61]. One of the antibodies raised is of unusual interest in that it is 
directed towards a previously unrecognized ganglioside. Anti-colorectal 
monoclonal antibodies are summarized in Table 5. Although they have 
been tested against a rather limited panel of target cells, a number show 
distinct promise as reagents for detecting colon cancer. The moAbs listed in 
the Table 5 reacted with at least 5/8 colorectal cancer lines tested; the 
majority did not react with the other cell lines tested and some reacted with 
a few other cell lines (mainly melanoma). 

Four of the antibodies (1116 NS-33a, - 38a, - 43 and - 10) were shown 
to be directed against blood group Leb antigen [62]. In this study, neutral 
glycolipid fractions from adenocarcinoma cell line SW 1116 were found to 
contain a component reacting with moAb 1116 NS-lO. The antigen was also 
shown to be present in extracts of meconium from Le(a-b+) individuals but 
not in extracts of meconium from Le(a +b -) individuals. The specificity of 
moAb 1116 NS-IO for leb antigen was confirmed by showing that purified 
Leb ceramide hexasaccharide reacted with NS-lO and that the antibody was 
inhibited by lacto-N-difucopentaose I (Figure 5) but not by any of the struc
turally-related oligo saccharides tested at concentrations of 10 mM (lacto
N-fucopentaose I, lacto-N-fucopentaose II and lacto-N-tetraose). The anti
body was also unreactive with A Leb ceramide heptasaccharide. Thus, 
moAbs of this group resemble anti-GD3 antibodies in having a high degree 
of specificity for a certain sequence of sugars and in showing no detectable 
cross-reactivity with related structures. The results of this study illustrate 
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Type 2 chains 
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Figure 5. Structures of oligosaccharides related to blood group antigens. Nomenclature for the 
blood group determinants is not yet standardized; HI and H2 are used to designate H(O) struc
tures based on type 1 and type 2 chains respectively; LeX and LeY are used to designate type 2 
structures corresponding to Le' and Leb, respectively, in the type I series. The mouse mono
clonal antibodies detecting the various structures are discussed in the text except for I B2 which 
is described in ref. [77]. 

the difficulty of determining the specificity of a moAb by determining its 
reactivity against a panel of targets using a serological assay such as the 
l25I-anti-mouse Ig binding assay. In the initial survey, moAb 1116 NS-I0 
appeared to have a specificity directed against colon cancer whereas in fact 
Leb antigen is a relatively common antigen in tissues of individuals of the 
appropriate blood type. This is undoubtedly a quantitative effect, again 
resembling GDJ, with the added factor that some colon adenocarcinomas 
can express Leb regardless of the Lewis blood group of the patient [63]. 

Two of the moAbs listed in Table 5, (1116 NS-19-9 and -52a) identified a 
novel carbohydrate structure not previously identified in either glycopro-
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teins or glycolipids [64, 65]. This structure is a sialyl derivative of the 
Lewisa blood group determinant (Figure 5). In colon carcinoma cell line 
SW 1116 the antigenic specificity is carried by a glycolipid (fuco-ganglioside) 
although there is some indication that the same determinant can be found in 
glycoproteins in the serum of patients and in some tumors [65]. The antigen 
detected by these antibodies (gastrointestinal-cancer antigen, GICA) is rel
eased into the medium of cultured colon carcinoma cell lines and is found 
in the serum and urine of some colorectal carcinoma patients [66]. Using an 
assay based on the inhibition of binding of [3H]glucosamine-labeled glycol
ipid antigen to 1116 NS-19-9, it was shown that the glycolipid fraction from 
the sera of 11122 colon carcinoma patients showed greater than 20% inhi
bition whereas samples from 26 non-colon carcinoma patients were non
inhibitory. Of 22 samples of urine collected from colon carcinoma patients, 
9 showed inhibition in the range of 10 to 78 %. Some patients with serum 
antigen did not have detectable levels of antigen in their urine. In a recent 
more extensive study, using a different assay, it was shown that 163 of 255 
sera from patients with colorectal carcinoma, 45 of 49 sera from patients 
with pancreatic cancer and 8 of 11 sera from patients with gastric cancer 
were able to inhibit moAb 1116 NS-52a; only 2 of 108 sera from normal 
individuals were inhibitory [67]. As GICA has a structure based on the Lea 
determinant, Koprowski et al. [68J have suggested that Le(a-b-) individuals 
would be unable to synthesize GICA and that they may have a different 
susceptibility to gastrointestinal cancer. 

Another blood group-related antigen is detected by other moAbs pro
duced to colon carcinomas [69J. These antibodies are not as specific for 
colon carcinoma as are 1116 NS-19-9 and -52, as they also bind to glycol
ipids of erythrocytes, granulocytes and various normal and malignant tis
sues. The antigenic determinant recognized is lacto-N-fucopentaose III or 
LeX which has a structure similar to the Lea antigen except that position of 
substitutions of a-L-fucose and ft-D-galactose on the penultimate N-acetyl
D-glucosamine are reversed (Figure 5). Antibodies to stage-specific em
bryonic antigen (SSEA-l), an antigen of 8-cell mouse embryos, have been 
reported to have the same or related specificity [70, 71]. Again the remark
able degree of specificity of monoclonal antibodies is evident since anti
SSEA is inhibited only by fucosylated type 2 structures and does not cross
react with the type I-based Lea structures [72J. 

5. LUNG CANCER 

Lung cancer is one of the most common human cancers and it is therefore 
not surprising that a number of studies have used the hybridoma approach 
to search for antigens characteristic of this tumor. 
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In a study on small cell lung cancer (SCLC), Cuttitta et al. [73] produced 
three moAbs after immunizing mice with NCI-H69 cell line (Table 6). 
Clones were originally selected on the basis of the ability of their antibodies 
to bind SCLC but not to the autologous B-cell line. The 3 moAbs reacted 
with small cell, adenocarcinoma and squamous carcinoma lung cancer cell 
lines and tumor tissues. These antibodies also reacted with 3/3 neuroblas
tomas and 2/3 breast carcinomas, but most other tumors (including mela
noma) and normal tissues tested were unreactive although normal kidney 
tissue showed some binding. No data were provided on the molecular nat
ure of the antigens detected. 

By immunization with squamous cell tumor cell line UCLA-SO-P3, Kas
ai et al. [74] produced three monoclonal antibodies (Table 6). One of these 
moAbs (16D4) had a very restricted specificity and reacted only with the 
immunizing cell line and HT-29 (a colon carcinoma cell line). Later 
work [75], showed that moAb 16D4 also reacted with normal lymphocytes 
from 2 % of the population. Typing of these reactive lymphocytes for blood 
group antigens revealed that they were of the rare Al Led phenotype i.e. 
Al Le a-b- secretors; an erythrocyte sample of the same blood group also 
absorbed this antibody. Since the tumor cell line but not the autologous 
lymphoblastoid cell line carried the A Led, it would be interesting to know 
the RBC blood type of the patient. Another moAb in this group, (172 D5) 
bound to a proportion of lung cancer, colon cancer and breast cancer cell 
lines but not to a limited panel of other tumors and normal cells tested. 
MoAb 179E3 reacted with almost all tumor cell lines tested but not to a 
small panel of other cells tested. No biochemical data were presented. 

In a separate study on lung cancer, Anger et al. [76] produced a moAb 
reacting preferentially with 0 red blood cells. Further work (Lloyd, K.O., 
unpublished data) showed that this antibody identified the difucosyl type 2 
blood group determinant (Figure 5). Two other studies have produced anti
H moAbs that react with monofucosyl type 2 determinants [77, 78]. 

Mazauric et al. [79] produced four moAbs having varying degrees of spe
cificity for lung cancer. MoAb 900-1-7 bound very strongly to the immu
nizing cell line, and with melanoma cell lines (5/5) but not with other cells 
and tissues tested. MoAb 1680-25-35 reacted strongly with two lung cancer 
cell lines (including a cell line derived from the squamous cell tumor used 
for immunization) but not with other cells and tissues tested. This moAb 
precipitated components of 149,000 and 119,000 daltons from 12sI_iodi_ 
nated proteins from lung cancer cell line WL 1680 but the 149,000 dalton 
component predominated in immunoprecipitates from melanoma cell line 
WM9. Two other moAbs (9812-16B-13 and 427-2-F) reacted with antigens 
present on lympho.::ytes as well as tumor cell lines. 
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6. OVARIAN CANCER 

The detection of ovarian tumors is often fatally delayed because of their 
deep location and lack of diagnostic methods for early cancer. As the prog
nosis for patients with Stage I disease (when the tumor is confined to the 
ovary) is unusually good, early diagnosis would have important clinical 
benefits. For this reason, numerous attempts have been made to detect 
markers suitable for the diagnosis and monitoring of epithelial ovarian 
tumors (reviewed in references [80, 81]). Despite these efforts, however, no 
effective marker emerged and recent investigations have used monoclonal 
antibodies in attempts to detect new antigens. 

By immunization of mice with an ovarian cancer line (OvCA 433) Bast et 
al. [82] derived one monoclonal antibody (OC 125) that showed preferential 
reactivity with ovarian tumors. The binding of the antibody to a range of 
tumor cells was determined by indirect immunofluorescence using a FACS-
1. It was found that all 6 ovarian carcinoma cell lines studied bound anti
body but that colon, cervical, pancreatic, renal cell, breast and oat cell car
cinoma cell lines did not. Lymphoid cell lines, including the autologous 
B-cellline, were also unreactive. The only non-ovarian cell to react was 1 of 
4 melanoma cell lines tested. Tissue sections were also studied by indirect 
immunofluorescence but no reactivity with normal tissues could be detected 
within the sensitivity of this procedure. Most significantly, little immuno
fluorescence was associated with the surface epithelium or other structures 
in normal ovary. In contrast, 5 of 9 ovarian carcinomas showed strong 
reactivity. The brightest staining was on the luminal surface of the malig
nant epithelium. This study was later extended to the examination of tissue 
sections from 60 ovarian tumors by indirect immunofluorescence [83]. 
MoAb OC 125 stained benign and borderline serous ovarian tumors (717), 
serous adenocarcinomas (19/23), mixed serous and endometrioid carcino
mas (212), endometrioid carcinomas (2/3), clear cell carcinomas (114) and 
undifferentiated carcinomas (2/2). No reactivity was found in 8 mucinous 
ovarian tumors or any of the other 11 epithelial, sex cord, germ cell tumors 
or lymphomas tested. Within reactive tumors, the pattern of reactivity was 
very hetergenous with areas of positive and negative staining being found. 
There was no relationship between OC 125 expression and clinical charac
teristics of the tumors. It is interesting that the antibody was unreactive with 
the mucinous cystadenocarcinomas tested. The authors suggest that this 
result may indicate a separate lineage for mucinous tumors as compared to 
serous tumors. 

In contrast to moAb OC 125, an antibody developed by Bhattacharya et 
al. [84] reacted only with mucinous ovarian cystadenocarcinomas. In this 
study, mice were immunized with saline extracts of a poorly differentiated 
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ovarian cystadenocarcinoma. An antibody-secreting clone (1 D3) from the 
fusion was selected on the basis of its reactivity with ovarian tumor extracts 
and lack of reactivity with pooled normal ovarian extracts and pooled nor
mal human serum. Extracts for 12 of 14 mucinous cystadenocarcinomas 
reacted with this antibody whereas extracts of 58 serous adenocarcinomas 
and 12 non-epithelial ovarian cancers were unreactive. Benign mucinous 
ovarian cystadenomas were also negative. The antigen was undetectable in 
any normal adult tissue examined but could be detected in extracts of fetal 
intestine. The localization of the antigen detected by moAb I D3 has not yet 
been examined by immunofluorescence techniques on tissue sections, how
ever its solubility properties suggest that it may be a secreted product rather 
than a cell surface antigen. 

Our group at the Sloan-Kettering Institute has developed a number of 
monoclonal antibodies reacting with ovarian cancer cell lines (Mattes, 1. et 
aI., unpublished results). Mice were immunized with either SK-OV -3, 2774 
or SW 626 ovarian carcinoma cell lines or with the uterine carcinoma cell 
line SK-UT-l. After fusion with NS-l mouse myeloma, antibody-secreting 
clones were screening against the immunizing ccllline and a variety of other 
cell types including melanomas and astrocytomas. Hybridomas producing 
antibody reacting with the ovarian or endometrial carcinomas but not with 
melanoma and astrocytoma cell lines were selectcd for further analysis. By 
testing against approximately 140 cell lines it was shown that a number of 
interesting moAbs had been generated. These include one (moAb MD144) 
reacting only with the immunizing ovarian carcinoma cell line and another 
(moAb MF61) reacting only with the immunizing cell line and 6/16 renal 
cancer cell lines. Two moAbs with restricted specificities resulted from the 
immunization with SK-UT-l; these are moAb MH55 which rcacts only 
with 4/8 ovarian carcinoma and the immunizing uterine cancer cell line and 
moAb MH94 which reacts with 3/8 ovarian carcinoma, SK-UT-I and a 
number of other epithelial cancers including 317 colon cancer, and 2/18 lung 
cancer cell lines. None of these moAbs (MD144, MF61, MH55, MH94) 
reacts with normal fibroblasts, kidney epithelia or lymphocytes in direct 
tests. Three other moAbs (ME46, ME195 and MF116) reacted with cultured 
normal kidney epithelia as well as a number of ovarian, uterine, renal and 
bladder cell lines. Biochemical studies showed that these antibodies recog
nized a glycoprotein of 110,000 daltons which is shed from the cells into the 
culture supernatant. The reactivity of many of these moAbs with normal 
and/or malignant kidney epithelial cells is interesting in terms of the similar 
embryonic origin of kidney, ovarian and uterine epithelia. 
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7. BREAST CANCER 

Two approaches have been taken to studying breast cancer antigens: first, 
monoclonal antibodies to mammary tumors and cell lines have been pro
duced [85, 86] and second, moAbs to normal milk fat globule membranes 
have been prepared [87 -90]. Both groups ofreagents will be useful in help
ing to understand the biology of normal breast tissue and the pathology of 
breast cancer. 

By immunization with membrane fractions of metastatic mammary car
cinomas, Colcher et al. [85] produced 11 moAbs with apparent selective 
reactivity with breast carcinomas (Table 7). These antibodies could be div
ided into five groups according to their reactivities with extracts of two 
metastases and three breast cancer cell lines. Some antibodies reacted with 

Table 7. Monoclonal antibodies to breast cancer. 

Antibody Ig 
designation class 

B6.21 IgGl 

B 38.1 IhHl 

B 50.4 and IgGl 
B50.l 

B 25.2 IgM 

B 72.3 IgGl 

H59 IgM 

F 5.5 IgGl 

1.l0.F3 and N.D. 2 

3.14.A3 

M3, M8, MI8 N.D. 
and M24 

Distribution of antigens Ref. 

Breast ca. cell lines (3/3), metastases (212) positive; 85 
other cells tested negative. 

Same as B6.2 except that some other epithelial ca. 85 
cell lines also positive. 

Breast ca. cell lines (1/3), metastases (212) positive; 85 
other cells tested negative. 

Metastasis (112) positive; other cells and tissues 85 
negative. 

Metastasis (l/2, different from B 25.2) positive; 85 
other cells and tissues negative. 

Breast ca. (3/6), brain ca. (1/2) endometrial ca. (1/3) 86 
cell lines positive; other cell lines tested negative. 
Also positive on sections of breast ca. (38171), 
fibroadenomas (9/11) and fibrocystic (20/1) dis
ease. Uninvolved breast tissue negative. 

Reacts with breast ca. CEA and less well with colon 95 
CEA. 

Milk fat globule antigen present on normal eipithe- 87 
lial cells with secreting activity, breast ca's, lung 
ca's and ovarian ca's. 

Milk fat globule antigen present on breast and other 89 
tissues. 

1 Other moAbs (BI4.2, B29.1, F64.5, F25.2 and B84.1) of similar specificities were produced in 
the same study. 

2 N.D. - not determined. 
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all mammary carcinomas tested whereas others were selective and reacted 
with one of the metastatic tissues tested but not with the cell lines. The 
reactivity of these antibodies with tissue sections was studied using an 
immunoperoxidase procedure. All the moAbs reacted with a proportion of 
primary (infiltrating ductal and/or lobular) and metastatic mammary carci
nomas tested. Uninvolved areas of the breast were unreactive with these 
antibodies. A more detailed study of the specificity of moAb B72.3 from 
this group has recently been reported which used the avidin-biotin complex 
immunoperoxidase technique on tissue sections [91]. The previously re
ported specificity of the antibody was confirmed: 19/41 primary breast 
tumors and 13/2 I metastatic lesions were positive whereas no staining was 
observed with a large selection of normal tissues, including breast tissue. A 
variety of primary mammary tumors of different histological types were 
reactive with moAb B72.3 but none of the six medullary carcinomas tested 
were positive. Of the 15 benign breast lesions tested, two specimens showed 
positive staining. The only other tissues that reacted with moAb B72.3 were 
4/4 colon carcinomas and 2/4 lung carcinomas. In this study the heterogene
ity of staining observed in most sections of breast tumors was emphasized. 
Two types of heterogeneity were observed: (i) a 'patchwork' effect seen 
within a given tumor mass and (ii) variations between different areas of the 
same tumor. 

The same laboratory has also produced a series of human monoclonal 
antibodies by fusion of the mouse myeloma NS/l cell line with lymph node 
cells from breast cancer patients [92]. Several of these moAbs demonstrated 
preferential binding to mammary carcinoma cells. One antibody (MBE6, 
IgM) was studied in more detail and was shown to react with mammary 
carcinoma cells in tissue sections of mammary tumors from 55 of 59 
patients using an immunoperoxidase technique. Normal mammary epithe
lial cells, stroma and lymphocytes, were unreactive with this antibody 
although some benign breast tumors showed weak staining, with moAb 
MBE6. 

Monoclonal antibody H59 derived by Yuan et al. [86] from immuniza
tion with breast cancer cell lines ZR -7 5- I reacted with a high proportion of 
breast carcinoma tissue sections as tested with a novel autoradiographic 
assay. The antibody also reacted with sections from benign breast disease 
including fibroadenomas and fibrocystic disease. MoAb H59 reacted prefer
entially with estrogen receptor-positive cell lines showing well differentiated 
glandular morphology. 

A number of monoclonal antibodies have been produced to milk fat glo
bule antigens [87 -90]. Some of these detected antigens present on the epi
thelia of resting as well as lactating breast; others detected antigens prefer
entially expressed on lactating breast. These moAbs reacted with a high 
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proportion of breast carcinomas and sometimes with other epithelial canc
ers also. A notable feature of these studies is the demonstration of a wide 
range of reactivity, yet with each moAb showing a characteristic pattern of 
staining within and between different normal tissues and tumors. 

Although carcinoembryonic antigen (CEA) was originally described as an 
antigen of colon carcinoma [93], subsequent studies have shown that it is 
also produced by cancers of the breast and other sites and even by normal 
tissues [94]. A recent study by Colcher et al. [95] described a number of 
moAbs to CEA, produced by immunization with breast tissue samples, one 
of which showed preferential reactivity with breast cancer as opposed to 
colon cancer and melanoma CEA. This result adds further support to the 
concept that different organs may produce CEAs having distinctive as well 
as shared determinants. Monoclonal antibodies to such restricted determi
nants may be more useful in the diagnosis of tumors than polyclonal anti
sera have been. 

8. RENAL CANCER 

A series of seventeen mouse monoclonal antibodies were produced to 
renal cancer cell lines by Veda et al. [96]; these antibodies recognized nine 
different antigenic systems (Table 8). None of the antibodies was completely 
specific for renal cancer, although three (moAbs S4, S25 and S23) reacted only 
with renal cancer and normal kidney epithelial cells. MoAb S4 reacted with 
7/13 renal cancer cell lines and 9/9 normal kidney epithelial; this antibody 
precipitated a glycoprotein of 160,000 daltons. The antigen detected by 
moAb S25 could be detected on 3/13 renal cancer cell lines and 1/ 10 normal 
kidney epithelia by direct tests although absorption tests showed that it was 
present on four more renal cancer cell lines. MoAb S23 reacted with 9113 
renal cancer cell lines and 10/10 normal kidney epithelia; it precipitated a 
glycoprotein of 120,000 daltons. MoAb S6 also precipitated a glycoprotein of 
120,000 daltons; this antibody showed a wider spectrum of reactivity than 
moAb S23 since it reacted with all renal cancer cell lines and normal kidney 
cells tested as well as with four other epithelial cancers, with four astrocy
toma cell lines and with normal fibroblasts. The antigens detected by 
moAbs S23 and S6 were designated gp120r and gpl20nr, respectively. Se
quential immunoprecipitation experiments showed that moAbs S6 and S23 
reacted with the same glycoprotein. Differences in specificity between the 
two antibodies could be explained by (i) kidney cells having gpl20 with 
both S6 and S23 epitopes whereas other cells would have gp120 with only the 
S6 epitopes or (ii) moAb S6 having a higher affinity than does moAb S23 and 
therefore reacting only with those cells (normal and malignant kidney) bear-
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Table 8. Monoclonal antibodies to renal cancer (ref. [96]). 

Antibody Ig 
designation class 

S4 IgG2a 

IgGI 

IgGI 

IgGl 

IgGI 

IgGI 

Molecular 
weight 
of antigen 

160,000 

N.D. 

120,000 

120,000 

115,000 

N.D. 

1 N.D. - Not detennined. 

Chemical 
nature of 
antigen 

Glycoprotein 

N.D.l 

Glycoprotein 

Glycoprotein 

Glycoprotein 

Heat stable 

Distribution of antigen 

Renal cancer (7/13) and normal ad
ult (9/9) and fetal (2/3) kidney epi
thelia positive. Other cells and tis
sues negative. 

Renal cancer (7/13) and normal ad
ult (4/9) and fetal (3/3) kidney epi
thelia positive. Other cells and ti s
sues negative. 

Renal cancer (9/13) and normal ad
ult kidney epithelia (10/10) posi
tive. Other cells and tissues nega
tive. 

Renal cancer (\3/13), nonnal adult 
(10/10) and fetal (3/3) kidney epi
thelia, bladder cancer (2/4), colon 
cancer (112), lung cancer (112), as
trocytoma (3/3), monkey kidney 
(1/1), and fibroblasts positive. Oth
er cells and tissues negati ve. 

Renal cancer (13/13), normal adult 
(10/10) and fetal (3/3) kidney epi
thelia, bladder cancer (4/4), lung 
cancer (1/2), ovarian cancer (1/1), 
astrocytoma (III), fetal fibroblasts 
and brain positive. Other cells and 
tissues negative. 

All human cells tested, except as
trocytomas, adult fibroblasts and 
erythrocytes, positive. 

ing larger amounts of gp120. Although prec1earing experiments favor the 
first explanation, it is difficult to completely rule out the second possibility. 
The antigen detected by moAb S22 has an interesting distribution - although 
it is expressed on all renal cancer cell lines tested, on some other epithelial 
cancers and on normal kidney epithelia, the titer of the antibody against two 
of the cancer lines is 5,000 and 10,000 greater than with normal kidney 
epithelia. This result suggests that some kidney tumors may express sub
stantially more S22 antigen than do normal cells. The other antibodies raised 
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in this study had a wide degree of reactivity. One (moAb S21) reacted with 
HLA-A, B, C antigens, another (moAb M2) reacted with blood group A 
antigen and a third (moAb Sg) reacted with blood group B antigen. MoAb 
V I also recognized a widely distributed antigen; this antigen was heat stable 
and may therefore be carbohydrate in nature. Although almost all cells carry 
V I antigen, an interesting exception were astrocytoma cell lines. Since mela
noma cells were strongly reactive with moAb V I> this antigen seems to be 
one of the few that distinguishes melanoma from astrocytoma cells (see 
Section 3). 

Application of this set of monoclonal antibodies to an analysis of normal 
kidney sections using immunoperoxidase procedures has provided an antig
enic profile of the normal nephron [97]. Whereas some antibodies, e.g. 
moAb S25 reacted with the epithelial layer in all parts of the kidney, others 
stained discrete regions, e.g. moAb S23 (detecting gp120r) reacted only with 
the proximal tubules and anti-blood group antibodies (moAbs F-3, Mz, or 
Ss) reacted only with the collecting and distal tubules. These results are 
summarized schematically in Figure 6. A similar analysis of tumor specim
ens showed that most renal cancers carry antigenic markers indicating that 
they originate from proximal tubule epithelia. 

SEROLOGICAL DiSSECTION or ThE HUMAN NEPHRON BY MOUSE MONOCLONAL ANTIBODIES 

ANTIGEN 
SYSTEM 

AJ2 

gp 160 

gp 120r 

gp 120nr 

C26 

M'2, S8, F3 

S25 

GLOMERULUS PROXIMAL LOOP DISTAL COLLECTING 
. TUBULE OF HENLE TUBULE TUBULE 

~ =----==:: == -

Figure 6. Schematic representation of the distribution of monoclonal antibody-detected antigens 
in epithelia of the normal nephron, (ref. [97]). AJ2 was originally described as an astrocytoma 
antigen [52]; gp160, gp120r and gp120nr and S2S are kidney antigens [96]; C26 is an anti-colon 
cancer monoclonal antibody (D. Morrissey et aI., unpublished data), M2, Sg and F-3 are anti-A, 
-B and O(H) blood group antibodies, respectively [96,76]. 
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9. PANCREATIC CANCER 

Metzgar et al. [98] have described five mouse monoclonal antibodies to 
pancreatic adenocarcinoma. These moAbs were produced by immunization 
with the pancreatic cancer cell line HPAF and were tested by immunope
roxidase and immunofluorescence procedures against a number of cancer 
cell lines, lymphoid cells and sections of tumors and normal tissues. MoAb 
DU-PAN-l reacted with 4/5 pancreatic cell lines but not with any other cell 
line tested including other epithelial cancers, peripheral blood B- and T
cells, red cells or skin fibroblasts. The specificity of this moAb was con
firmed by studies on tissue sections - both pancreatic cancers tested were 
positive but adult and fetal normal pancreas were unreactive. One transi
tional bladder cancer was also positive but no other type expressed this 
antigen. Although these results show that DU-PAN-I has considerable 
promise as a pancreatic cancer antigen, the data need to be confirmed using 
more quantitative assays for antigen expression. Antibodies DU-PAN-2 and 
DU-PAN-3, from the same study, detect organ-specific antigens of pan
creatic ductal epithelial cells. The antigens are not completely restricted to 
the pancreas however, as DU-PAN-2 is found on fetal small intestine cells 
and DU-PAN-3 is expressed on other epithelial cancers (colon, lung and 
renal) and on 2/4 melanoma cell lines. 

10. PROSTATE CANCER 

An interesting study has described the production of monoclonal antibod
ies to benign prostate hyperplasia membrane fractions [99]. Eight moAbs 
were selected for further study and were shown to identify three different 
types of antigen, i.e. prostate epithelium-specific, polyepithelial and stroma
specific. Ware et al. [100] also described three prostate epithelial-specific 
antibodies and recently a preliminary communication [10 1] has described 
an antibody (DU 83.21) reacting preferentially with prostatic cancer. 

11. OSTEOGENIC SARCOMA 

A mouse monoclonal antibody (791T/36) produced to human osteogenic 
sarcoma cell line 791 T reacted with three of 10 osteogenic sarcoma cell lines 
tested by 12sI-protein A binding assays [102]. The antibody was unreactive 
with fibroblasts, including those of the patient from whom sarcoma 791 T 
was derived. A large panel of other tumor cell lines as well as erythrocytes 
and white cells were negative. Strong reactivity of moAb 791136 was, how-
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ever, observed with HeLa (cervical carcinoma), and EB33 (prostate carcino
ma) and lower, but significant reactivity with A549 (lung carcinoma) and 
HT -29 (colon carcinoma) cell lines. 

By immunizing mice with freshly resected osteosarcoma cells, Hosoi et 
al. [103] produced three monoclonal antibodies (OST6, OST7 and OST15) 
having selective reactivity with osteosarcomas. These antibodies reacted in 
immunofluorescence assays with sections from all 5 osteosarcomas tested 
and with 111 chondrosarcoma. Fetal mesenchymal cells or cranial and ver
tebral bone tissue of two neonates were negative, as were other malignant 
and benign tumors and normal cells tested (with one exception). This excep
tion was the weak staining given by chondrocytes near the subchondral bone 
in the two samples tested. The two osteosarcoma cell lines tested (TE85 and 
MG63) were also unreactive with these antibodies. Although inhibition tests 
showed that the three antibodies were directed towards different antigenic 
determinants, it was not determined whether they were on the same or dif
ferent antigens. MoAbs OST6, OST7 and OST15 seem to detect an antigen 
expressed on a minor population of normal chondrocytes and on osteosar
comas but not on fibroblasts. 

12. LEUKEMIAS AND LYMPHOMAS 

Mouse monoclonal antibodies to normal lymphocyte differentiation an
tigens have been of considerable diagnostic and prognostic value in leukem
ias and lymphomas in that they aid in the classification of this heterogen
eous group of malignancies. These studies will not be discussed in detail as 
they have recently been reviewed [104,105]. This discussion will focus on 
antigens showing a more direct relationship to malignancy and will partic
ularly emphasize those that are candidates for leukemia-specific antigens. 

The development of antibodies reactive with antigens on leukemic cells 
that are not differentiation antigens has proven difficult, although a few 
candidates will be discussed below. Exhaustive specificity analyses must be 
performed before an antigen can be accepted as being leukemia specific. 

12.1 Blast antigens in leukemia 
Blast antigens are characterized by their expression on a broad range of 

cells, including activated normal lymphocytes, many leukemia cells and 
some non-hematopoietic tumor cell lines [106, 107]. These antigens do not 
exhibit tumor specificity so much as a correlation with proliferation. 

The widely reactive monoclonal antibody B5 was produced by immuni
zation of mice with the cultured common acute lymphoblastic leukemia 
(cALL) line Reh [108]. The antibody demonstrated cytotoxicity toward 
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69% non-B non-T ALL, 50% T-ALL, IS% AML, and 66% CML-BC lym
phoid cells. Also positive were the immunizing cell line Reh as well as 
Daudi and Raji (B-cell lines), MOLT 4, S402, HSB 2 (T -ALL lines), K562 
(erythroleukemic line), Cole and HL60 (AML lines), 1M normal B-celiline), 
normal PHA-stimulated blast cells and normal bone marrow myeloblasts. 
Negative cells included AMML, CML (chronic), CML-BC (myeloid), CLL, 
Sezary, and hairy cell leukemia cells as well as non-stimulated normal T
and B-Iymphocytes, spleen cells, granulocytes and monocytes. 

MoAb B5 appears to be distinct from other reported blast antigens, such 
as OKT9 [109], 5E9 [106] and B3/25 [107]. Billing ct a1. [lOS, 110] found 
B5 to be a different antigen from that detected by their previously described 
heteroantiserum 157, which is functionally similar to the OKT9 monoclonal 
antibody, also directed toward a blast antigen. Evidence that OKT9 recog
nizes a blast antigen comes from experiments with DMSO-induced differ
entiation of HL-60 cells. Expression of the antigen would be expected to 
decrease upon differentiation, and this was shown to be the case [106, 107]. 
Omary et a1. [107] pointed out striking structural similarities between the 
antigen recognized by B3125 and the abnormal, malignancy-related glyco
protein of Bramwell and Harris [116, 117]. 

OKT9, an IgG antibody, recognizes the most immature of three subsets of 
thymocytes according to the classification of Reinherz and Schloss
man [111, 109, 112, 113]. It is also positive on most T -ALL cells, one non
T -ALL, Con A-stimulated T -lymphocytes, and fetal liver cells but negative 
on circulating lymphocytes. MoAb OKT9 reacts with the same antigen as 
monoclonal antibodies 5E9 [106] and B3/25 [107]. This antigen has been 
identified as the cell surface receptor for transferrin [114, 115]. The very 
frequent occurrence of this antigen on hematopoietic and non-hematopoiet
ic cell lines is not surprising in view of the requirement of cultured cells for 
iron, which is bound by transferrin. OKT9 precipitated a ~ 1S0,000 dalton 
dime ric (unreduced) glycoprotein from detergent lysates of T -leukemia cell 
lines labeled with 1251, 35S-methionine, or by the galactose oxidase-[ 3H]_ 
NaBH4 method [109, 115]. A recent structural study of the transferrin 
receptor, utilizing monoclonal antibody OKT9, indicated that the antigen is 
a phosphorylated transmembrane glycoprotein bearing both complex and 
high mannose oligosaccharide chains. It has an approximate pI of 5.2 and 
each ISO kD dimer appears to bind two moledules of transferrin [115]. 

12.2 T-cell leukemias and lymphomas 
12.2.1 TL-like antigens 

Thymus-leukemia (TL) antigens in the mouse are differentiation antigens 
which are expressed on immature lymphocytes of T lineage that have not 
yet exited the thymus; they can also be expressed on leukemia cells in mice 
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whose normal thymocytes were either positive or negative for the antigen. 
Like the H-2 antigens, to which they are genetically linked, TL antigens 
have a two-chain structure consisting of a 45,000 dalton heavy chain non
covalently associated with the 12,000 dalton P2-microglobulin (fJ2m) chain. 
Various monoclonal antibodies to human homologue of TL-antigens have 
been reported, including M241 [118], NAl/34 [118,119], and OKT6 [109]. 
The latter two have been shown to be directed toward the same antigen by 
the identical migration in SDS-PAGE of the two immunoprecipitated antig
ens, by IEF, and by sequential immunoprecipitation of P2m-associated 
material [109]. 

OKT6 detects a differentiation antigen of common or Stage II thymo
cytes, which comprise approximately 70 % of the normal thymocyte popu
lation [112J. This antigen reflects a later stage of differentiation than OKT9, 
which, indeed, is absent from these thymocytes [112J. Twenty percent of 
T-ALL are OKT6 positive. OKT6 reacts with the T-ALL cell lines MOLT-4 
and HPB-ALL but not with normal T -lymphocytes or activated lympho
cytes [111, 112J. OKT6 immunoprecipitate a 49,000 dalton (reduced or 
non-reduced) glycoprotein from NP40 lysates of fresh human thymocytes 
labeled with either 1251 or sodium periodate [3HJNaBH4• The OKT6 antigen 
is associated with P2m molecules in a heavy and light chain complex ana
logous to the murine TL antigens. Ziegler and Milstein [1l9J have reported 
a slightly larger light chain, designated ~2t, to be associated with NA1I34 
antigen of MOLT-4 cells. 

Another human TL-like antigen, defined by moAb M241, has been des
cribed by Knowles and Bodmer [118] as consisting ofa 43,000 dalton heavy 
chain and the 12,000 dalton P2m light chain. Heteroantiserum to human 
TL-like antigens on B celllysates also recognizes a heavy chain of 43,000 in 
association with P2m [121]. M241 has a tissue distribution similar to that of 
NA1I34. 

12.2.3 Candidate T-Ieukemia-specific antigen 
Deng et al. [122J recently reported an IgM monoclonal antibody, CALL2, 

reacting with 4/6 T-ALL cell lines, 1 T-Iymphoma line, T-ALL cells from 
7/8 patients, and T-CLL cells from 115 patients. The antibody was produced 
by immunizing with cultured T -ALL line 8402, and had high titers against 
the above positive cells when assayed by cytotoxicity. CALL2 was not 
detected on 2/6 T-ALL cell lines, 4/4 B-Iymphoma lines, 2 cALL lines, 1 
each of CML-BC, B-Iymphocytic, histiocytic lymphoma, astrocytoma, and 
neuroblastoma lines. CALL2 was also negative on the following normal 
cells: 40/40 T-Iymphocytes, 4/4 B-Iymphocytes, 20120 spleen cells, 10/10 
monocytes, 8/8 granulocytes, 22122 skin fibroblasts, 212 thymocytes, 212 
platelets, 5/5 red cells (0, A, B), and as well as on the following malignant 
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blood cells: 14/14 cALL, 20120 AML, 6/6 B-CLL, 212 CML-BC, and 3/3 
Sezary. This antibody did not inhibit normal bone marrow CFU-C growth 
in the presence of complement. 

12.3 B-cellieukemias and lymphomas 
Monoclonal antibody FMC7 has been chosen for detailed consideration 

here [123, 124]. Cells from 17/17 prolymphocytic leukemias (B-PLL) and 
8/9 hairy cell leukemia (HCL) patients, a fraction of peripheral blood B
lymphocytes, and 3/10 B-cell lines were positive by immunofluorescence. 
FMC7 did not react with cells from 32/38 chronic lymphocyte leukemia 
(B-CLL) patients or with ALL cells. 

12.4 Non-T cell, non-B cell acute lymphocytic leukemias 
12.4.1 CALLA 

Immunization of rabbit with common acute lymphoblastic leukemia cells 
(cALL) generated polyclonal antibodies (reviewed in 104) detecting a mem
brane antigen designated CALLA. Initially it appeared that the expression 
of this antigen was confined to cALL and to CML in lymphoid blast crisis, 
but subsequent studies identified it on neoplasias and cell lines of both T
and B-cell origin [125] as well as on a number of normal cells, including 
some non-hematopoietic tissues [126-129]. 

Anti-CALLA monoclonal antibodies have also been produced. J 5, an 
IgG2a antibody, was produced by immunization with cryopreserved ALL 
cells previously determined to be CALLA positive with heteroanti
sera [130]. Specificity was determined by indirect immunofluorescence and 
by microcytotoxicity [130, 131]. In these early reports J 5 was shown to react 
with cryopreserved cells from 21134 non-T-ALL patients and 3/5 CML-BC 
patients. J5 was negative on cryopreserved cells from 8/8 T-ALL, 10/10 
CLL, 10/10 AML, and 3/3 CML stable phase patients; 5/5 T-ALL lines; 
normal peripheral mononuclear cells; T- and B-Iymphocytes; Con A-stimu
lated T-cells; monocytes and splenic lymphocytes; fetal liver and thymus; 
and regenerating, normal adult, and fetal bone marrow. 

Subsequent investigations have added to the list of CALLA positive cells: 
Normal fetal and adult renal proximal tubules and glomeruli, fetal small 
intestinal epithelium, myoepithelial cells of normal adult breast by immu
noperoxidase staining [127]; 3/3 Burkitt's lymphoma cell lines, 3/8 T lym
phoblast cell lines, 5/12 T lymphoblastic lymphoma, 3/33 T-ALL, 5/6 Bur
kitt's lymphomas, 2/15 diffuse histocytic B lymphomas, 2116 diffuse poorly 
differentiated lymphocytic B lymphomas, and 4/4 nodular poorly differen
tiated lymphocytic B lymphomas as judged by indirect immunofluorescence 
and immunoperoxidase methods [125J. This latter study also reported slight 
staining above background of normal bone marrow and fetal liver by J5. 
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Polyclonal and monoclonal [130, 1321 anti-CALLA antibodies preCIpI
tated a 95,000-100,000 dalton glycoprotein under reducing and non-reduc
ing conditions from detergent lysates of [35S1-methionine-, [3H1-glucosam
ine- or galactose-oxidase-[ 3H1-KBH4-labeled ALL lines or tumor cells. 
CALLA of lower molecular weight (90,000) has been precipitated by 15 
from extracts of 125I-iodinated kidney membranes [1271. A portion of CAL
LA molecules bind to lentil lectin colums [130,1321. Pesando et al. [133] 
propose that a family of 100 kD antigens detected on a cALL line, a leu
kemic T cell line and a transformed B cell line by partially and extensively 
absorbed heteroantisera to cALL cells are related surface glycoproteins, one 
of which is CALLA. 

Monoclonal antibody BA-2 identifies a 24,000 dalton surface antigen pre
sent on lymphohemopoietic progenitor cells in normal bone marrow, cells 
from 54170 unclassified ALL, 2/11 T-ALL, and 5/10 B-CLL patients [134]. 
Normal granulocytes and erythrocytes were negative for this antig
en [134]. 

12.4.2 Candidate non-T, non-B leukemia specific antigen 
Ueda et al. [135] have described an IgM monoclonal antibody, NL-22, 

that appears to be specific for non-T, non-B leukemia and yet distinct from 
CALLA. Because of the IgM nature of monoclonal antibody NL-22, it was 
not possible to immunoprecipitate the corresponding antigen, therby mak
ing a direct comparison with 15 difficult. In contrast to J5, however, NL-22 
does not react with any normal cells tested. These were 7 sources of fetal 
thymocytes, 14 PBL, 8 spleens from patients with gastric cancer, 4 tonsils 
and 7 bone marrows from patients with idiopathic thrombocytopenia pur
pura (ITP). Fetal liver and regenerating bone marrow were not tested for 
NL-22 reactivity, although a minority of such cells has been found positive 
for J5. Activity against CFU-C was not determined. NL-22 reacted with 
cells from 12116 null-ALL patients and 113 null-ALL cell lines, but did not 
recognize antigens on cells from 4 T-ALL, 7 ATL, 11 AML, 6 CML-BC and 
7 B-CLL patients. Nor was NL-22 reactive with the following cell lines : 2 
CML-BC, 5 T -ALL, 3 Burkitt's lymphoma, 2 B-ALL, 1 DHL, 1 myeloma, 
nor with various solid tumor lines. Reactivity was determined by immune 
adherence assays and absorption tests. 

12.5 Granulocytic and monocytic leukemias 
It is convenient to consider the production of monoclonal antibodies to 

neoplasias of monocytic lineage together with antibodies to granulocytic 
malignancies since virtually all of these reagents have some reactivity with 
both granulocytic and monocytic subtypes of AML. An overview of such 
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monoclonal antibodies is given in reference 104; it will be seen that all of 
the antibodies reactive with AML also have some reactivity with normal 
peripheral blood monocytes and/or granulocytes. Two antibodies will be 
described in detail here. 

D5D6 is an IgM monoclonal antibody recently made by Linker-Israeli et 
al. [136] against AML cells and found to be cytotoxic to 100% of 44/50 
AML. These cases represented myelocytic, myelomonocytic and monocytic 
forms of the disease. MoAb D5D6 was reactive with normal monocytes and 
the myeloid-monocyte stem cells (CFU-C) but not with normal granulo
cytes. In addition, this antigen was not expressed on various solid tumors, 
12112 CML including both lymphoid and myeloid blast crisis, IS/IS ALL, 
9/9 CLL, and normal and stimulated peripheral blood cells. 

Recently, Ball et al. [137] described five monoclonal antibodies (AML-
1-21, AML-2-23, AML-2-30, AML-I-99, CML-75) that were cytotoxic to 
acute myelocytic leukemia cells and/or chronic myelocytic leukemia in blast 
crisis. These antibodies were all capable of binding to normal cell popula
tions, but were unable to mediate complement-dependent lysis of these nor
mal cells. 

12.6 Megakaryoblastic leukemias 
Of the few monoclonal antibodies that react with malignancies of the 

megakaryocyte-platelet lineage (as well as with their normal counterparts) 
several seem to detect the normal glycoproteins of the I, II, and III ser
ies [105, 138, 139]. One such antibody is ANSI [139] which detects glyco
protein Ib in platelets and can precipitate this 150 kD component there 
from [139]. ANSI is also reactive with some CML-BC with megakaryoblas
tic features and with some mature megakaryocytes from normal bone mar
row or from cultured human megakaryocyte colonies. AN51 was not reac
tive with the small precursor-like cells of normal bone marrow nor with the 
following malignancies: null cell lymphoblastic leukemia, promyelocytic 
leukemia, acute myelomonocytic leukemia, monoblastic leukemia, and 
myeloblastic leukemia. 

12.7 Viral antigens related to leukemias and lymphomas 
The discovery of EBV particles associated with Burkitt's lymphoma and 

the more recent finding of C-type retrovirus particles in association with 
human cutaneous T-cell lymphoma (mycosis fungoides) present another 
category of leukemia/lymphoma antigens. Investigations on only the human 
T -lymphoma virus (HTL V)-associated antigens will be considered here; for 
a review of EBV -associated antigens, see reference [140J . 

The apparently novel HTL virus is characterized by (i) mature, immature, 
and budding virus particles of typical C morphology as determined by elec-



199 

tron microscopy; (ii) its exclusively extracellular location on 2 cutaneous T 
cell lymphoma (CTCL) cell lines and PBL, all isolated from the same myco
sis fungoides patient; (iii) a reverse transcriptase (RT) activity whih has a 
cation optimum slightly different from that of other such enzymes and 
which is not immunologically related to the RT of FeLV, SSV (SSAV), 
GALV, RC-114, MuLV, AMY and other retroviruses; (iv) low nucleic acid 
homology with known type B, C and D viruses and (v) six major proteins of 
10K, 13K, 19K, 24K, 42K and 52K daltons, which do not constitute the 
typical molecular weight distribution of type C RNA viruses [141, 142]. 

An IgG1k monoclonal antibody to HTLV p19 has been made [143] which 
was reactive with 3/12 HTL V -producing cutaneous T-cell lymphoma cell 
lines and with 112 producing cutaneous T -cell leukemia lines and non-reac
tive with the non-producer line HUT -78. Anti-p 19 was also non-reactive on 
the following, as assayed by immunofluorescence: 9/9 animal retrovirus
infected cell lines; 717 B cell lines; 9/9 normal peripheral blood lymphocytes 
cultured with TCGF and PHA; 5/5 ALL lines; 8/8 fresh ALL, 3/3 cultured 
and fresh hairy cell leukemia; 6/6 cultured and fresh CLL, 2/2 cultured 
AML, one cultured Hodgkins, 3/3 cultured promyelocytic leukemias, 6/6 
fresh and cultured T-cell lymphomas. Eight out of 8 fresh cutaneous T cell 
leukemia and 6/6 fresh cutaneous T cell lymphomas were negative. Two of 
the B-cell lines that were negative for anti-pl9 were EBV positive. 

13. MISCELLANEOUS TUMOR MARKERS 

13.1 Carcinoembryonic antigen (CEA) 
Conventional polyclonal anti-CEA sera have sufficiently high affinity 

constants to make them useful in radioimmunoassays and they effectively 
distinguish CEA from cross-reacting normal glycoproteins. Possible reasons 
for producing monoclonal antibodies to CEA would seem to be (i) the pro
duction of standardized reagents in virtually unlimited amounts and (ii) for 
investigating the possibility that subpopulations of CEA exist that have epi
topes that are restricted to tumor CEA. None of the moAbs yet produced to 
CEA [144-146] seem to meet the latter criterion although one moAb bound 
more strongly to CEA in the serum than to CEA extracted from tumors and 
may therefore be useful in immunodiagnosis [144]. 

13.2 Ca antigen 
A novel antigen (optimistically named Ca) that is present on many differ

ent tumor types has recently been described [147]. The IgM antibody (Ca 1) 
detecting this antigen was developed from mice immunized with a wheat 
germ agglutinin-binding fraction from extracts of the laryngeal carcinoma 
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cell line H.Ep.2. Its specificity was analyzed by measuring binding to a var
iety of tumor cell lines and normal fibroblasts. The antibody was also tested 
against matched pairs of hybrid cell lines derived from crosses between cells 
of a cervical carcinoma and diploid fibroblasts; one member of each pair 
was malignant as measured by its ability to grow progressively in nude mice 
whereas in the other member the ability to grow in nude mice was sup
pressed. The Ca antigen was found to be expressed only on the malignant 
hybrids and on all tumor cell lines tested except two lymphomas. The ana
lysis was extended to an immunohistological study on a range of normal 
human tissues and tumors in paraffin-em bedded sections [148]. The great 
majority of tumors tested expressed Ca antigen (these were mainly epithelial 
cancers), although prostatic and testicular cancers, some sarcomas, some 
lymphomas, brain tumors and melanomas were negative. Of the normal 
tissues examined only fallopian tube epithelium and transitional epithelium 
of the urinary tract gave positive staining. 

Ca antigen is an integral membrane glycoprotein with a high carbohydrate 
content. Two components, with molecular weights of 380,000 and 350,000, 
were immunoprecipitated from extracts of 125I-Iabeled tumor cells and mal
ignant hybrids. The determinant detected by moAb Ca I seems to be car
bohydrate in nature as it is heat stable, resistant to extraction with organic 
solvents and susceptible to neuraminidase and endo-fJ-galactosidase treat
ments. 

This antigen is of considerable interest as its expression seemed to be 
correlated with malignancy (or, at least, growth in nude mice) and not, as is 
the case with most other tumor antigens, with the differentiation state of a 
particular tissue or group of embryologically-related tissues. 

14. CLASSIFICATION OF TUMOR ANTIGENS 

14.1 Tumor-specific antigens 
Tumor specific antigens can be defined as those antigens that are ex

pressed solely on tumor cells and not on any other cell or tissue in the body 
at any stage of differentiation or development. A less restrictive, but possi
bly more realistic usage, would be to define tumor-specific antigens as those 
that are expressed on tumors and are recognized as foreign by the immune 
system of the tumor-bearing host. A basic tenet of tumor immunology is 
that such antigens exist and can be detected using suitable assays. As is well 
known, the firmest evidence for tumor-specific antigens comes from the 
demonstration of strong tumor antigens on chemically or UV -induced 
tumors in mice as detected by transplantation techniques [149 -151]. Some 
investigators have argued, however, that these experimentally-induced tu-
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mors are special cases and that most spontaneous tumors do not carry 
strong tumor-specific transplantation antigens (152 -154]. The best evidence 
for tumor-specific antigens on human tumors has come from the demon
stration that some cancer patients produce antibodies that detect cell surface 
antigens that are restricted to their own tumors (reviewed in reference (3]). 
However, since the biochemical or genetic basis for these antigenic specifi
cities is unknown, the full significance of these findings cannot yet be deter
mined. Neither have mouse or human monoclonal antibodies been pro
duced that identify these unique tumor antigens. 

The hope that antigens restricted to human tumor cells could be detected 
by producing hybridoma antibodies from mice immunized with such cell 
has not yet been clearly fulfilled. None of the new antigens so far detected 
using mouse monoclonal antibodies have, upon rigorous examination, been 
shown to be completely restricted to tumor cells. Nevertheless, a number of 
promising systems are still under investigation and as new antigens are con
tinuously being discovered, it is premature to conclude that this approach 
will not eventually demonstrate the existence of tumor-restricted antigens. 
In considering the limited success to date, three reasons can be suggested for 
the failure to detect restricted antigens: (i) human tumor specific-antigens 
do not exist (see above), (ii) human tumor-specific antigens exist but 
human-mouse immunizations are not capable of producing antibodies to 
them, and (iii) human tumor-specific antigens exist but they are extremely 
minor components of the cell surface, or are poor immunogens, so that 
whole tumor cells or crude extracts are not sufficiently immunogenic for the 
stimulation of antibody-producing clones of this specificity. It should also 
be emphasized at this point that many moAbs give an appearance of res
tricted specificity during early stages of an analysis because of the difficulty 
in completely elucidating the tissue distribution of an antigen. To complete 
such an analysis, a quantitative assay must be developed to the antigen in 
order to set a minimum level for its expression in apparently antigen-nega
tive cells. In addition, a large variety of tissues must be screened by immu
nofluorescence or immunoperoxidase techniques in order to confirm ex
pression of the antigen in tumor samples and to rule out its expression on 
normal tissues not available for study as cell lines. 

Even with these precautions, it is difficult, or even impossible, to prove 
that an antigen is 'tumor-specific' in the sense that it is not possible to 
prove a negative, i.e. the complete absence of antigen from normal tissue. It 
would seem best to conclude that tumor specificity is not a useful concept 
except perhaps in the context of an immune response in the cancer patient. 
Monoclonal antibodies, and the antigens they detect, should be considered 
individually in terms of their particular properties and the uses to which 
they can be applied. 
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14.2 Differentiation antigens 
Most of the tumor antigens thus far detected by mouse monoclonal anti

bodies can be characterized as differentiation antigens. Differentiation an
tigens were originally defined as those categorizing ' ... different cell types in 
a single individual' [155]. However, as recognized by the original authors, 
this is rather a broad definition and at least three sub-categories can be 
recognized: 

(1) Antigens characteristic of cells of a common embryologic origin. Exam
ples of this class are the antigens discussed in Sections 2 and 3 that are 
common to melanomas, melanocytes, astrocytomas, and neural cells. These 
antigens may represent the vestigial expression of markers that were in
volved in the formation and migration of neuroectodermal cells in em
bryonic development. 

(2) Antigens defining cells of a particular tissue. Leucocyte common antigen 
(Leu 200), an antigen widely expressed on leucocytes (being found on T - and 
B-Iymphocytes, thymocytes, macrophages and granulocytes, but not on oth
er tissues), is a typical tissue-specific antigen (156, 157]. Several of the antig
ens of the kidney system, e.g. gp160 and S25, also fall into this group (see 
Section 8). Similarly, moAb R24 (recognizing GDJ ganglioside) reacts with all 
cells of the melanocyte lineage. Presumably these antigens have a function 
related to the specialized functions of the tissue on which they are ex
pressed. 

(3) Antigens distinguishing cells at a particular differentiation or maturation 
stage within cells of a given lineage. Several examples of maturation antigens 
have already been given; these include antigens in the proposed melanocyte 
differentiation pathway (Section 2.13) and antigens of astrocyte differentia
tion (Section 3). An interesting aspect of these studies is that they use tumor 
cells to gain information about normal cell differentiation. Some antigens 
serve as differentiation markers in two different tissues, e.g. HLA-DR in 
both melanocyte and lymphocyte differentiation. 

As most of the monoclonal antibodies that have apparent specificity for 
tumor cells detect quantitative differences in antigen expression, tumors 
must express much larger amounts of some differentiation antigens than do 
the corresponding normal cells. The mechanism for this enhanced expres
sion is unclear but recent advances in related areas of molecular biology 
provide some basis for speculation. The concept is developing that onco
genes are derived from their counterparts (proto-oncogenes) in the normal 
genome and that transformation is caused by the activation of such genes; 
this results in the enhanced production of a normal cell protein usually held 
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under tight control [158 -160]. According to this view, malignancy is a 
dosage effect and results from the elevated expression of normal gene pro
ducts. These findings have clear implications for the nature of cell surface 
antigen in tumor cells even though the primary gene products of oncogenes 
are thought to be intracellular. Although the function of these products is 
not yet understood, their presumed effect on the synthesis of other cell 
components could result in changes in cell surface composition. Moreover, 
the recent demonstration that the transformation of B- and T -lymphocytes 
results from the activation of specific oncogenes corresponding to specific 
stages of differentiation within the cell lineage [161], provides an explana
tion for the amplified production of the differentiation-related products in 
human tumors that are detected by mouse monoclonal antibodies. 

14.3 Jumping and random antigens 
Milstein and Lennox [162], and later Springer [163], defined a category of 

differentiation antigens that they termed 'jumping' antigens. This descrip
tion was used to describe antigens that appear, disappear and reappear in 
cells as they proceed along their differentiation pathway. Often the last stage 
is correlated with the migration of the cells to a different tissue, e.g. mouse 
erythroblasts loose Forssman antigen before they leave the bone marrow 
and enter the circulation. Several other examples of jumping antigens were 
cited; these included Thy-l antigen (in T-Iymphocyte and brain develop
ment) and asialo-GM1 (as a marker for peripheral T -lymphocytes that is 
absent from thymocytes). To this list can be added SSEA-l antigen [70, 164] 
and blood group I and i antigens [165] which show characteristic cyclic 
expression during early embryogenesis in the mouse. 

The concept of jumping antigens is valuable when applied to cells of a 
single lineage, however since many of the antigens are also expressed on 
some unrelated cell types the term is not very precise. For example, Thy-l is 
found on brain and fibroblasts as well as thymocytes in the mouse. Like
wise, Forssman antigen is expressed on cells that are not on a direct differ
entiation pathway. Some antigens have an even more random distribution 
and are expressed on cell types having no apparent relationship. For exam
ple, gp95 in addition to being strongly expressed on melanoma cells (but not 
on melanocytes) is also found on sweat gland epithelia [26]. Likewise, S6, 
which was considered to be a kidney tissue-specific antigen [96], has recent
ly been found to be expressed on cultured melanocytes [49]. Undoubtedly, 
these apparently random patterns have their basis in shared cornman func
tions that will become clear once the antigens have been fully characterized. 
In the case of the expression of gp95 on melanoma and sweat gland epithe
lia, the basis for the shared antigen expression may even be the common 
embryologic origin of these cell types from primitive ectoderm. Such exam-
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pies indicate that classification schemes must be used with some caution as 
many antigens have functions that overlap any proposed categories. 

14.4 Fetal antigens 
Although the re-expression of fetal or embryonic antigens is often consi

dered to be a characteristic of cancer cells, few examples of the detection of 
this type of antigen by monoclonal antibodies can be cited. The gastrointes
tinal cancer antigen, GICA, may, however, be one example, as it is found in 
meconium as well as in tumors [64]. 

14.5 Common antigens 
Widely-distributed antigens may be of interest as cancer markers when 

their normal structure is altered or if they show anomolous expression in 
tumors. The unexpected detection of A blood group [166, 167], P blood 
group [168] and Forssman [169] antigens in A, P, or Forssman-negative 
individual, respectively, are examples. 

15. CONCLUDING REMARKS 

A remarkable array of tumor antigens has already been identified using 
the hybridoma antibody approach. Very few of these antigens had previous
ly been recognized using polyclonal antisera, thus illustrating the power of 
the technique to select monoclonal antibodies directed to antigens having 
some sought-after characteristic. As discussed in the previous section, the 
antigens detected fall into several categories and it is likely the general range 
of tumor antigens that can be detected using mouse monoclonal antibodies 
has already been identified. 

Monoclonal antibodies have already provided powerful new insights into 
the characteristics of tumor cell components and into tumor cell biology in 
general. A major conclusion of this review is that very few mouse mono
clonal antibodies to human tumor cells detect antigens that fit into precise, 
defined categories, e.g. tumor-specific; rather they show individual patterns 
of reactivity and each antibody has to be considered on its own merit and 
used according to its particular characteristics. Future advances in the appli
cation of monoclonal antibodies to the diagnosis and therapy of human 
cancers will, therefore, depend on the imaginative use of reagents which 
may not have the ideal property of complete tumor specificity. The produc
tion of human-human monoclonal antibodies has barely been mentioned in 
this review, but this is obviously another area in which rapid advances will 
be made in the future. 
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6. Immunocompetence in Cancer Patients 

LINDA M. KARA VODIN and SIDNEY H. GOLUB 

INTRODUCTION 

One of the most popular areas of clinical investigation has been the deter
mination of immune status of cancer patients. Almost every issue of cancer 
oriented journals and of clinical immunology oriented journals contains at 
least one article in which some immunologic parameter is defined for a 
population of cancer patients. Of course, such studies are not confined to 
malignant disease as an extraordinary volume of literature has accumulated 
on the measurement of the immune parameters in a whole spectrum of 
pathological conditions. It is not the intent of this review to catalogue all 
such studies. In contrast, it is our intention to critically review the useful
ness and methodology for the assessment of immunocompetence in cancer 
patients. Therefore, we have tended to concentrate in this review on studies 
with reasonable numbers of patients, where appropriate statistical analysis 
was included, and where reproducible methodology was employed. Even so, 
we have undoubtedly failed to include a large number of completely respect
able scientific efforts. 

In undertaking such a critical review, we have asked why this area of 
investigation has been so popular. There are three probable explanations for 
the extraordinary output of information on the immune status of cancer 
patients. The first is the indelible influence that the concept of 'immune 
surveillance' has had on the field of tumor immunology. Although the con
cept that the immune system protects the host against the initiation of neo
plasia has been in existence since the time of Ehrlich, the notion was for
malized and popularized by Burnet [1]. 'Immune surveillance' gave a the
oretical basis for the belief that there was an intimate relationship between 
immunologic function and the neoplastic process. The findings of Gatti and 
Good [2] that patients with some immunologic deficiencies appear to have 
an increased susceptibility to malignant disease gave further impetus to the 
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belief that the study of immunologic function was relevant to the study of 
human malignancy. It is not the intent of this review to deal with the ques
tion of surveillance and whether failure of the immune system results in 
cancer. In fact, it is the intention of this review to deal with the opposite 
question, i.e. what is the effect of cancer on the immune system? For those 
interested in the surveillance problem, the excellent recent review by Stut
man [3] and the issue of Transplantation Reviews [4] devoted to this ques
tion are excellent sources of information. However, it should be kept in 
mind that the surveillance issue was one of the driving forces promoting this 
area of research. 

The second reason for the remarkable level of activity in this area of 
research is the possibility that assays of immune function will provide infor
mation of prognostic significance. Perhaps the most influential paper in this 
regard was the important work of Eilber and Morton [5] indicating that 
patients with an inability to make a delayed type hypersensitivity response 
to a new skin test antigen had a poor prognosis. This work, and similar 
studies, suggested that relevant and important information could be ob
tained about the prognosis of the patient by a simple immunologic proce
dure. The problem with this approach is that it appears most likely that 
compromises in immune function are a symptom of cancer rather than a 
reason for its progression. Thus, even the best immunologic assays are likely 
to give only an approximation of the tumor burden in the patient. With 
refinements in diagnostic procedures, it seems likely that much more precise 
measurements of residual tumor burden can be developed with convention
al diagnostic procedures than can be accomplished by nonspecific measures 
of immunocompetence. Nevertheless, this remains one of the compelling 
reasons for pursuing research in this area. It certainly is possible that immu
nologic assays may reveal the nature of the biology of the host-tumor rela
tionship in individual patients and in those patients for whom their im
mune response is readily and quickly suppressed by the presence of a tumor 
the prognosis may be affected. Identification of such patients would, at a 
minimum, save them from unnecessary and futile procedures. However, 
this still points to a very limited role for immunocompetence testing in 
cancer patients. 

The third reason which has prompted so much research in this area is the 
simple fact that such studies are remarkably easy to perform. All one needs 
to publish a paper is a set of patients and an immunologic assay. This has 
led to considerable sarcasm [6], much of which is justified. It probably also 
explains why so many of the studies have used the technically easiest assays 
(delayed type hypersensitivity skin tests or mitogen response) rather than 
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more complex or technically demanding systems. Unfortunately, most of 
these studies have really missed the essential question. What needs to be 
examined is the biology of the interaction between the host immune system 
and the tumor. This has been addressed to some degree in studies of 
immune responses to tumor associated antigens, but has been largely 
ignored in studies of the general functioning of the immune system in cancer 
patients. 

This review will focus on an evaluation of the current state of the art of 
the measurement of immune competence of cancer patients. We have res
tricted the scope of this review to studies in humans, although it must cer
tainly be admitted that animal models can and should be effectively used to 
study the biology of the effects of the neoplastic disease upon the immune 
system. We have simply elected not to include such studies in our review 
because of space considerations. The review is organized by the various 
methodologies that have been used to evaluate immunocompetence. This 
inevitably leads to some compartmentalization of the immune response 
without sufficient attention to the interactions of these various components. 
However, this format does facilitate comparisons of similar studies and an 
analysis of which areas are most likely to be productive in the future. In 
selecting areas to cover, we have had to make some quite arbitrary deci
sions. For example, we have not extensively reviewed the critically impor
tant area of non-specific immunosuppressive factors. This is not because we 
deemed such factors irrelevant, but because there is such an extensive liter
ature on immunoregulatory products of the host or immunosuppressive 
products of the tumor that we feel that this area could not be properly 
treated in a review of this dimension. Furthermore, the authors' interests 
are focused primarily on the functional activities of T cells, B cells, and 
other lymphoid cells. Hopefully, an analysis of these components will pro
vide sufficient perspective to allow us to make some general conclusions 
about the usefulness of measuring immunocompetence in cancer patients. 

1. DELAYED TYPE HYPERSENSITIVITY (DTH) 

The delayed hypersensitivity reaction is an immunologically specific cell
mediated response which develops after a test antigen is injected intrader
mally or applied topically to the skin. If the patient has been previously 
sensitized to this antigen, an inflammatory reaction, characterized by ery
thema and induration, will occur at the site 24 to 48 hours later. There are 
two general categories of skin test antigens: neo-antigens and recall antigens. 
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Testing with a new antigen requires that the patient be sensitized and chal
lenged with a substance to which he has not been previously exposed, such 
as 2.4 dinitrochlorobenzene (DNCB). This type of test allows for the clinical 
evaluation of all aspects ofDTH response from initial antigen recognition to 
cellular infiltration. The use of recall antigens such as tuberculin, candida, 
and mumps, assumes that the patient has already had contact with these 
common antigens and became sensitized. The patient's response to recall 
antigens measures only the efferent response and not the ability to process 
and become sensitized to the antigen. 

Testing patients with new antigens has been the method of choice for 
most in vivo DTH studies. These primary antigens are synthetic contact
sensitizing agents such as DNCB, DNFB, although some work had been 
done with biological agents such as keyhole limpet haemocyanin and a
haemocyanin of Helix pomatia. These antigens will induce an immune res
ponse in almost all normal individuals. Brown et al. [7] found that 95 % of 
the normal population tested were able to develop a positive skin test to 
DNCB. 

Studies on DTH responses of cancer patients to new antigens have been 
carried out since the mid 1960's. The vast literature which has accumulated 
on this subject has yielded several basic conclusions. The first of these find
ings has been that as the severity of the disease increased, the incidence of 
positive DTH reactions has decreased. In one detailed study [8], 234 pa
tients with various types of cancer and 17 patients with non-malignant neo
plasms were tested for DNCB reactivity. Patients without metastases gave a 
positive reaction more often (83 %) than those with regional metastases 
(67%) or with distant metastases (41 %). In a study of 173 bladder cancer 
patients [9] response to DNCB was found in 48 % of the patients with super
ficial tumors while only 17% of the patients with metastatic disease res
ponded. Patients with transitional cell carcinoma of the bladder were found 
to have a stepwise decrease in response to DNCB with advancing stage of 
disease, with 75 % positive among those with superficial tumors and 35 % 
positive among those with metastatic disease [10]. Delayed type hypersen
sitivity was found to correlate well with extent of malignancy in a study of 
116 malignant melanoma patients and 40 skeletal and soft tissue sarco
mas [11]. Eighty per cent of Stage I patients had a positive response while 
37 % of Stage III patients responded. A decreased ability to be sensitized to 
DNCB was shown in a study [12] of patients with carcinoma of the lung, all 
in good condition and not receiving chemotherapy or radiation. In addition, 
there was a strong correlation between nonresectable disease and unrespon
siveness to DNCB. Patients with Hodgkins disease have a marked inability 
to be sensitized to DNCB [13], yet even among these patients the degree of 
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impairment may correlate with the stage of disease. Hodgkins disease 
patients with early Stage I disease have been found to have an intact res
ponse [7], but in another study, at a lower sensitizing dose, a decreased 
reactivity was shown in patients with early disease [14]. 

A second observation has been that the incidence of positive reactions 
varies according to the type of cancer. Patients with certain solid tumors 
have a marked impairment in their ability to be sensitized to 
DNCB [5, 8, 12]. Pinsky et al. [9] found that patients with localized head 
and neck cancer had a much lower reactivity (42 %) than patients with sar
coma (73 %) and lung cancer (80%). Eilber and Morton [5] studied 100 
patients with a variety of carcinomas and sarcomas and found a correlation 
of DNCB reactivity to clinical status which was more pronounced in 
patients with squamous cell carcinoma of the head and neck than in those 
with sarcoma or melanoma. Bolton [15] found that reactivity was impaired 
at all stages of colon and gastric cancer, while breast cancer patients suffered 
no major impairment unless the disease was disseminated. Therefore, 
although DNCB reactivity correlates with the extent of disease in general, 
the likelihood of unresponsiveness at a given stage seems to depend on the 
type of cancer. Among the hematologic malignancies, patients with Hodg
kins disease are hyporeactive to DTH testing, and advancing disease is 
accompanied by more frequent anergy [16]. In a study of patients with Bur
kitts lymphoma [17] no impairment to DNCB reactivity was found, al
though a later study noted a decreased reactivity when large tumors were 
present [18]. It can be concluded that defects in the DTH response to 
DNCB are frequent in patients with all types of cancer, but somewhat more 
frequent in patients with Hodgkins disease, non-Hodgkins lymphoma, and 
squamous cell carcinoma of the head and neck area. 

In addition to correlations to tumor burden and histology, an association 
has been seen between patient reactivity to DNCB and the recurrence of 
disease. Seventy-three patients tested with DNCB were followed for at least 
6 months after definitive surgery [8]. Of those patients with a positive 
DNCB, only 3 of 57 developed recurrence; however, 7 of 16 patients with 
negative DNCB test developed recurrent disease. In another study, 83 
patients with a variety of malignant tumors were tested prior to surgery [5]. 
Cancer patients were grouped into those who were disease free at 6 months 
and those who were inoperable or had recurrence at that time. In the disease 
free group 92 % were DNCB positive, compared with only 7 % in the recur
rent or inoperable group. Other workers have confirmed the impairment of 
the DNCB response in advanced cancer patients [19], but their results were 
not as clearcut as those of Eilber and Morton [5] since 47% of patients with 
known distant metastases were DNCB positive. This association with prog-
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nosis has been observed in patients at all stages of disease. Brosnan et al. [9] 
found that the survival of patients with metastases was significantly better if 
they were initially DNCB skin test positive. Pinsky et al. [20] found that 
DNCB testing at the time of surgery appeared to be useful as a means of 
identifying a group of patients without metastases whose prognosis was 
poorer than expected. It appears that a negative response to DNCB is usual
ly associated with a poor prognosis in cancer, but the reverse is not neces
sarily true [15]. 

In contrast to DNCB, patients' reactions to skin tests with the common or 
recall antigens have been less closely correlated with the subsequent course 
of the malignancy. Investigators have combined the use of several tests in 
order to ensure that a patient will have been previously exposed to at least 
one of them. Healthy individuals will usually react to at least one of: Der
matophytin '0', mumps skin test antigen, tuberculin (PPD), and streptoki
nase/streptodornase. Among 80 patients with a variety of malignancies, an 
increased anergy to recall antigens was seen in those with lymphorecticular 
malignancies, but not in patients with solid tumors [21]. In a study of blad
der cancer patients, no recall antigens were found to correlate with progno
sis, and only streptokinase/streptodornase was related to tumor stage [9]. In 
an age-adjusted study of 179 malignant melanoma and acute leukemia 
patients tested with a variety of recall antigens [22], Stage IV patients 
showed decreased reactivity only with PPD when compared to normals. 
However, other investigators [23] found that patients with Stage I melano
ma and a positive DTH to recall antigens had a lower recurrence rate and a 
longer disease free interval than those with a negative response. 

It should be remembered that interpretation of skin test results can vary 
widely between studies, since dilution of antigen, reader variability, pa
tient's prior exposure to antigen, booster effects of repeated antigen admin
istration, time course of the reaction, and definition of a positive reaction 
are all variations which can affect the results [24]. The observation that skin 
test reactivity can be normal in early cancer and decreases as the disease 
advances suggests that tumor dissemination precedes the impairment of 
general immunocompetence, and that immunosuppression is the result rath
er than the cause of formation of metastases. Of the available agents, only 
DNCB has been a consistently useful skin test agent. However, even DNCB 
is an awkward reagent to employ as repeated tests will clearly yield 
anamnestic responses. Thus, only the original test on an individual can 
provide clear information on the responsiveness to a neoantigen. Even with 
this limitation, DNCB is superior to common microbial antigens, which 
have so little usefulness as measures of general immune competence that 
most laboratories have abandoned them. 
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2. ANTlBODY FORMA TlON 

Quantitation of the level of immunoglobulins in the sera is one of the 
most easily assessed immune parameters, and for this reason was included 
in many of the earliest studies of cancer patient immunity. The single radial 
diffusion method was often used. Changes in the level of immunoglobulins 
were assumed to indicate either a disproportionate number of B lympho
cytes, dysfunction of regulatory mechanisms, or a defect in Ig biosynthetic 
pathways. Studies of non-specific (or non-tumor specific) humoral immun
ity have been done in two ways: (1) by measurement of total Ig and Ig 
classes, and (2) by measurement of primary or secondary antibody response 
to various antigens. 

The first method has produced many reports of variations in the serum Ig 
levels of cancer patients. Patients with a variety of hematologic malignan
cies were found to have decreased mean total Ig compared with normal 
controls in one study [25]. Other studies showed low levels of total Ig to be 
characteristic of chronic lymphocytic leukemia [26] while patients with 
acute lymphocytic leukemia or chronic myelocytic leukemia demonstrated 
only decreased IgA levels. Increased IgG levels were reported in patients 
with bronchogenic cancer [27]. A large study of 984 patients with cancer of 
nonhematopoetic tissues found no general trends [28] but did find increases 
in IgG and 19A in males with skin and lung tumors, increases in IgM in 
males with sarcoma and females with melanoma, decreases in IgM in 
patients with primary ovarian cancer, and increased IgA in patients with 
cancer of the mouth, gut, or uterus. Increased IgA has also been demon
strated in patients with oropharyngeal cancer [29], prostate cancer [30], and 
cancer of the nasopharynx [31]. Increased levels of IgA have not been found 
to correlate with disease stage. In a study of breast cancer and malignant 
melanoma, Cochran [32] found raised IgG and IgA levels but no difference 
between patients with primary disease and those with metastases. Plesni
car [33] found IgA elevated in all three stages of cancer of the uterine cervix, 
with an elevation of IgG in Stage I and a decrease in IgM in Stage m. 

The second method of measurement of primary or secondary antigen res
ponse to a known antigen has also given conflicting results. Decreased anti
body response has been observed in some patients with chronic lymphatic 
leukemia [34], lymphosarcoma [35], and multiple myeloma [36]. Libans
ky [37] tested 113 patients with a variety of malignant blood disorders with 
Brucella endotoxin and found a decreased antibody response only in chronic 
lymphadenosis. Patients with non-lymphomatous malignancies tested with 
Salmonella extract were found to have a decreased antibody response which 
correlated with their survival [38]. Jansen [39] immunized patients with 
squamous-cell bronchial carcinoma with Helix pomatia haemocyanin, and 
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found that patients with disseminated disease showed a significant deficit in 
IgG and IgA. However, no decreased response has been reported for Hodg
kins disease [40J and for other lymphomas and non-lymphoid tu
mors [41J. 

Many of these discrepancies may be due in part to the choice of different 
antigens for different studies, some antigens being more immunogenic in 
these patients than others. Fluctuations in the patients' serum Ig levels 
could be due to infections or malnutrition to which they are predisposed in 
advanced disease. A decreased antibody response may be more related to 
these underlying complications than to the cancer itself 

A more fundamental reason for the variations among different studies 
may simply be that the B cell compartment is not the appropriate place to 
look for immunologic clues to a patient's disease outcome. While antibody 
responses to tumor-associated antigens may be quite important in the host
tumor relationship, it is unlikely that tumor directed antibodies will consti
tute more than a small fraction of the total serum Ig pool. Thus, perterba
tions of total Ig levels are unlikely to be caused by anti-tumor humoral 
responses and ongoing antibody responses to non-tumor (environmental) 
antigens appear to be only marginally affected by neoplastic disease. There
fore, the simplest approach of quantitation of immunoglobulin production 
in cancer patients has essentially no clinical value. 

In contrast, quantitation of circulating immune complexes may be of con
siderable use. Although this area does not fall into the general category of 
'immunocompetence' testing, it should be noted that several laborato
ries [25-27] have shown correlations between the levels of circulating im
mune complexes and the degree of tumor burden or prognosis of cancer 
patients. This illustrates that gross measurements, such as Ig levels, can be 
non-informative while other non-tumor specific parameters can be useful if 
they reflect the host-tumor relationship. 

3. LYMPHOCYTE PROLIFERATIVE FUNCTIONS 

Lymphocyte transformation is an in vitro technique commonly used to 
measure cellular immunocompetence. This term was first used to describe 
morphologic changes that occurred when small, resting lymphocytes were 
transformed into large lymphoblastic cells by exposure to a mitogen, such as 
phytohemagglutinin (PHA). Blastogenesis also refers to the formation of 
blast cells in lymphocyte cultures stimulated by either nonspecific mitogens 
or specific antigens. This activation in vitro parallels the in vivo response of 
sensitized lymphocytes to an antigen in the host. Lymphocyte transforma
tion to mitogens measures the functional capacity of lymphocytes to proli-
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ferate in response to antigen stimulation. It thus provides a measurement 
which is restricted to the efferent aspect of the immune response, unlike the 
in vivo skin test response, which relies on a more complex series of cellular 
interactions. A variety of plant lectins have been used to assess lymphocyte 
function. The most popular have been PHA and concanavalin A (Con A), 
both primarily T cell mitogen, and pokeweed mitogen (PWM), which acti
vates both Band T cells. 

An extensive literature has accumulated on the use of the lymphocyte 
transformation assay as a measure of cellular immunocompetence. Because 
this assay is relatively simple, it has become one of the most popular 
methods for immunological survey studies of cancer patients. Unfortunate
ly, it is this very simplicity that has led to the failure of many investigators 
to control for a number of variables inherent in the assay. These variables 
will be discussed later in this section and may account for the substantial 
inconsistencies in the published data. 

Many investigators have reported a correlation of PHA response to stage 
of disease. Among those patients with tumors arising in lymphoreticular 
tissues, there have been reports of a diminished transformation response in 
patients with chronic lymphatic leukemia and lymphosarcoma [42], acute 
lymphatic leukemia [43], plasma cell myeloma [14], and other lymphoprol
iferative disorders [45]. In a study of 35 patients with previously untreated 
Hodgkins disease, lymphocyte response to PHA was deficient at all 
stages [46] indicating the early presence of a fundamental lymphocyte de
fect. 

Patients with a large variety of nonlymphoid malignant diseases also have 
been reported to have a depressed lymphocyte response to mitogens. PHA 
induced blastogenesis, as measured by the proportion of cells with blastoid 
morphology, was associated with disease stage in 179 patients with carcino
ma of the stomach [47]. Eighty-six percent of patients at Stage I and II had 
greater than 40 % blasts, while 49 % of those in Stage III and only 24 % of 
those in Stage IV showed this response. A study of 154 patients with carci
noma of the lung showed that the lymphocyte response to PH A, PWM, and 
Con A was significantly decreased in Stage III disease but not in Stages I 
and II, as compared with normal controls [48]. Among 76 patients with 
colon adenocarcinoma and age matched controls, an age related decline in 
blastogenic response was observed in both patient and control groups, but 
the rate of decline of this response was greater in magnitude in the patient 
group, suggesting that their tumor burden contributed to this loss of trans
formation capability [49]. A study of breast cancer patients by stage [50] 
showed a decreased response to PHA among those with Stage III disease. 

Other investigators have reported a correlation between response to mi
togens and recurrence of disease. Bjokholm et al. [51] studied that blastog-
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enic response of 81 patients with previously untreated Hodgkins disease to 
Con A, PHA, PWM, and purified protein derivative of tuberculin. By der
iving a total score from all of these assays they were able to closely correlate 
disease outcome with test results and found that these in vitro assays were 
better predictors of outcome than age, clinical stage, histopathology and 
symptoms. In a study of 94 patients with clinically operable nonlymphoid 
malignant tumors [52], PHA reactivity was quantitated prior to surgery and 
patients were followed for three years to determine clinical outcome. All 
patient groups had lower lymphocyte reactivity than the age matched con
trols, but in the clinically 'cured' group this reduction was significantly less 
than those with inoperable or recurrent conditions. Han and Takita [53] 
found that 45 % of patients with operable carcinoma of the lung and 15 % of 
inoperable patients had lymphocyte responses to PHA that were in the nor
mal range. Among 44 patients surgically resected for Stage Band C carci
noma of the colon, Payne ct al. [54] found a diminished PHA transforma
tion in 90% of those patients who had recurrence of tumor. In a study of 
patients with all stages of squamous cell carcinoma of the head and 
neck [55], PHA and Con A blastogenesis was found to be significantly 
depressed in patients in whom clinically apparent recurrences developed, 
regardless of extcnt of disease or regional lymph node involvement. Lym
phocytes of 154 operable breast cancer patients were tested for in vitro sti
mulation by PPD and PHA and in vivo reactivity to PPD and DNCB, then 
followed for 3 to 6 years to determine the relationship of these assay results 
to recurrence of disease [56]. PPD and PHA in vitro proliferative responses 
were of higher predictive value for disease recurrence than the in vivo tests. 
An integrated score of immunocompetence based on all tests showed that 
disease recurrence was significantly more likely for suboptimal responders 
(61 %) than for optimal responders (28 %). 

Although these results have been quite impressive, there are many other 
investigators who have reported no correlation between blastogenic res
ponse and stage or outcome of disease. In a study of 44 breast cancer 
patients, Roberts [57] found no difference in PHA reactivity between pa
tient and control populations. Among 120 patients with a variety of non
lymphoid tumors, Sample et al. [58] observed an age related decline which 
did not differ from that found in the controls. Butterworth et al. [59] studied 
71 patients with melanoma and found no significant differences in their 
lymphocyte transformation ability from that of the normal group. Similarly, 
Golub et al. [60], in a study of 94 melanoma patients, could find only slight 
and statistically insignificant suppression of PHA, PWM, Con A, and PPD 
responses when compared to 96 healthy controls. Although mixed lympho
cyte culture (MLC) responses were significantly lower among the melanoma 
patients than among the controls, neither MLC nor the mitogen responses 
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were able to distinguish between melanoma patients who recurred within 12 
months and those who remained disease free. 

Golub et at. [61] found a decreased response to the mitogen Con A in a 
group of 52 cancer patients, but their responses to PHA and pokeweed 
mitogen were in the normal range. Twomey and co-workers [62] reported 
impairment of response to PHA and DNCB among a high percentage of 100 
patients 'cured' of squamous cell carcinoma of the lung. These results were 
similar to those of 200 pre-operative squamous carcinoma patients, indicat
ing that PHA transformation assays in patients with bronchial carcinoma do 
not correlate with treatment results. 

The MLC is another type of lymphocyte activation assay in which lym
phocytes respond to foreign histocompatibility antigens on unrelated lym
phocytes. The proliferative response in this case is activated by the antigens 
of the human major histocompatibility complex (the HLA antigens). MLC 
closely parallels the in vivo DNCB test in that the MLC measures both the 
afferent and efferent lines of the immune response in vitro, unlike testing 
with mitogens, which measures only the efferent response. In fact, in a study 
of 52 melanoma, sarcoma, and adenocarcinoma patients, Golub et at. [61] 
found MLC results strongly correlated with response to DNCB in that all 
patients who were DNCB nonreactors also showed a markedly reduced res
ponse in MLC. However, this correlation did not extend to melanoma 
patients [60]. 

A number of studies have reported a correlation between lymphocyte 
response in MLC and stage or prognosis of disease. Among lung cancer 
patients, Holmes and Golub [63] found a significant decrease in the MLC 
reactivity of patients with Stage II and Stage III disease. Butterworth et 
at. [59] studied 71 patients with melanoma and found a diminished MLC 
reactivity in 44%. Of these, MLC reactivity was absent in only 10% of Stage 
I patients, but was absent in 53 % of Stage II patients, and 45 % of Stage III 
melanoma patients. In a study of 94 melanoma patients [60] MLC respon
siveness was shown to be substantially depressed, and stage of disease and 
age had additional effects on MLC. Thirty patients with head and neck 
cancer were studied by Berlinger and Good [64] who found that of the 47% 
who had deficient MLC response, all had advanced tumors, recurrent 
tumors, poor response to therapy, or multiple primary tumors of different 
histological types. Of the 53 % with normal MLC response, all patients had 
new, small, or established non-aggressive tumors. In a study of 60 patients 
with a variety of non-lymphoid malignant tumors, Suciu-Foca et at. [65] 
tested lymphocytes against a battery of allogeneic cells and found that MLC 
reactivity was lower than controls in all disease stages. Thirty-five Stage I 
lung carcinoma patients were tested postoperatively against allogeneic cells 
in MLC [66] and a depressed response was found to be associated with a 
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significantly shorter disease free interval. The MLC response also appeared 
to be a better predictor of disease recurrence than PHA blastogenesis in this 
study. Another correlation with disease outcome was seen by Han and Taki
ta [67], again with lung cancer patients, in which only 43 % of the patients 
had a normal MLC response. Although histologic type did not correlate 
with these results, MLC and PHA response both correlated fairly well with 
subsequent survival. 

Several investigators have examined the correlation of various mitogenic 
stimuli to each other and to other common tests of immunocompetence in 
cancer patients. For example, Catalona et al. [68] found that PHA response 
paralleled results of skin testing with DNCB since both tests were normal in 
patients with early bladder cancer, while both were significantly impaired in 
patients with advanced disease. PHA response was found not to correlate 
with quantitation of T cells in patients with thyroid cancer. These patients 
showed depressed PHA-induced blastogenesis despite adequate T cell num
bers [69]. In a study of 48 patients with anaplastic bronchogenic carcino
ma [70], the data suggest that response to Con A, PH A, and MLC are more 
often suppressed than are skin test responses. Graze et al. [71] found with 27 
Hodgkins disease patients, that those with negative delayed type hypersen
sitivity reactions showed a diminished PHA and MLC blastogenic response 
while those with intact DTH showed a decreased PHA response but a nor
mal MLC response. Thus, the proliferation assays do not clearly correlate to 
each other or to other readily assessed parameters. Presumably, each assay 
involves sufficiently different cellular mechanisms that none are clearly 
redundant. 

The great variability seen within the results from different sources is 
probably due to two factors: differences in patient populations and precise 
standardization for this deceptively simple technique. More recent studies 
have attempted to pinpoint and control for these experimental variables. 
Teasdale et al. [72] in an analysis of the PHA assay pointed out the impor
tance of setting up a dose response curve, establishing quantitation criteria 
for maximum response of each patient, and determining the optimal time 
course for the assay, which appears to vary among individuals. Dean [73] 
examined variation in all lymphoproliferative assays and noted problems 
related to the assay itself - inherent variation, non standardization of me
thods and measurement parameters, and those related to study design -lack 
of normal controls, differences in patients disease groupings, and influences 
of chemotherapy and immunotherapy on lymphoproliferative responses. 

In addition to study design and test popUlation differences, there has been 
no consensus among investigators on how to express proliferation data. This 
is an important point, as the means of calculating this data will greatly affect 
its interpretation. The simplest method to express proliferation data is as 
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counts per minute (or disintegrations per minute) of radio labelled thymidine 
incorporated into DNA for a standard number of cells. Although this 
approach has the attractiveness of simplicity, many investigators have felt 
uncomfortable with it since it does not include the 'background' or unsti
mulated response in the formulation. This has led many investigators to use 
net counts/minute (stimulated cpm - unstimulated cpm) or more frequently 
to use a 'stimulation index' (stimulated cpm - unstimulated cpm). There are 
several major problems with the use ofa 'stimulation index'. Foremost is a 
statistical problem, related to the fact that the unstimulated cpm will be a 
small number and therefore will be statistically less reliable than the larger 
stimulated cpm. When one divides by the unstimulated cpm (or subtracts 
the unstimulated cpm), one is taking a statistically highly reliable number 
and transforming it by a statistically less reliable number. Therefore, one is 
taking good data and transforming it into less reliable data. The second 
problem is a biological one as a stimulation index makes the assumption 
that there is a direct relationship between the unstimulated activity in thy
midine incorporation and the mitogen stimulated activity. For example, the 
stimulation index assumes that an individual who has an unstimulated res
ponse of 100 cpm and a PHA stimulated response of 10,000 cpm is equival
ent to another individual who has an unstimulated response of 1,000 cpm 
and a PHA stimulated result of 100,000 cpm. Both individuals would have 
a stimulation index of 100, yet their PHA stimulated responses are obvious
ly quite different. The data to support the assumption that the stimulated 
response is a function of the background cpm is lacking and we have felt 
that it is safest to deal with the stimulated responses without modification 
by the unstimulated results. Instead, we simply calculate the unstimulated 
response as a separate parameter of responsiveness. 

The final way that data has been analyzed is by some mathematical trans
formation of the cpm results. We have examined a number of such trans
formations [74] and found that 10glO provided the most reliable transforma
tion. Repeated samplings from the same individual showed the greatest 
reproducibility when the data was expressed as 10glO units. This is a partic
ularly appealing transformation as proliferation is a logarithmic function 
and probably should be expressed in logarithmic units. 

Considering the extraordinary output of information relating to lympho
cyte proliferative activity in cancer patients, one would hope that this area 
has some real significance. Indeed, the results have pointed out some inter
esting clues to the biology of neoplastic disease. There is no question that 
the lymphocyte transformation studies have shown that certain disease 
types, such as head and neck cancers and lymphoproliferative malignancies, 
are frequently associated with defective lymphocyte proliferation functions 
while other malignancies such as malignant melanoma and breast carcino-
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rna are seldom associated with profound defects in proliferative capacity. 
The use of different stimuli to analyze the nature of such defects can pro
vide important clues as to the biology of these diseases. However, it has 
seldom been shown that lymphocyte proliferation activity has the type of 
clinical significance that can be used to assess an individual patient's prog
nosis. The hope that one could send a blood sample to a clinical immuno
logy laboratory and receive a PHA response result that would tell the phy
sician the prognosis of the patient is clearly unrealistic. The assay shows too 
great a variability in the normal population and most importantly has 
shown too little relationship to clinical features to be statistically reliable for 
individual patient assessment. It seems quite unlikely that mitogen res
ponses need to be added to the normal battery of blood tests as non-specific 
diagnostic aids. Instead, they should remain as basic research tools to exam
ine the influence of neoplastic disease on immune function. 

4. T CELL QUANTlTATION 

The quantitation of lymphocytes in the peripheral blood of cancer pa
tients has been studied as a measure of immunocompetence since the early 
1970's, when lymphocytopenia was found to be common in patients with 
malignancies [75] and was correlated to a poor prognosis in patients with 
nonlymphoid tumors [76]. Other studies found an inverse correlation be
tween total lymphocyte count and stage of disease in breast [77], lung [48], 
and head and neck cancer [78}. 

The observation that human T lymphocytes could be identified by a 
binding reaction to sheep red blood cells (SRBC), coupled with the emerging 
recognition of the importance of the T cell in tumor rejection in animal 
models, quickly led to numerous studies of E rosette forming cells (E-RFC) 
in patients with malignant disease. Lymphocytes which bind at least 3 
SRBC are by convention considered to be T lymphocytes. The most com
mon technique to measure rosette forming cells (RFC) involves formation 
of E-rosettes by mixing SRBC and PBL at a ratio of 100: 1, briefly incubat
ing at 37 DC, pelleting the cells, and further incubation at 4 DC for 1 to 24 
hours. Cells are counted as percent of lymphocytes forming E-rosettes or by 
multiplication with the total lymphocyte count as absolute numbers of E
rosettes. A modification of the E-rosette test, the' active' E-rosette test, has 
been developed and measures rosettes formed after five minutes of incuba
tion between low ratios of SRBC and lymphocytes. Other investigators have 
distinguished between two rosette forming populations on the basis of rela
tive rosette forming affinity. 'High affinity' rosettes were identified by their 
ability to form rosettes at elevated temperatures (29 DC) and at low 
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SRBC/lymphocyte ratios. 'Low affinity' E-RFC required optimal conditions 
(4°C and SRBC excess) to form rosettes. The level of low affinity rosettes in 
normal individuals has been found to correlate with the proportion of Fc 
receptor-bearing cells and reactivity in ADCC assay [79]. 

Several studies have found an association between levels ofE-rosettes and 
other tests of immune competence, but the results have been far from unan
imous. In 102 patients with untreated solid carcinomas, Kerman et al. [80] 
found a relationship between positive microbial skin test results and num
bers of active E-rosette forming cells. In a series of 52 patients with urologic 
malignancies, Catalona et al. [81] found a significant positive correlation 
between DNCB skin testing and E-rosettes, and PHA response and E
rosettes. Bobrove et al. [82J also showed a relationship between a decreased 
percent of E-rosetting cells in the peripheral blood and a diminished proli
ferative response to PHA among a group of Hodgkin's disease patients. 
However, when T cells were enumerated by complement dependent anti-T 
cell cytotoxicity, they concluded that the patients had normal levels of T 
lymphocytes and that the defect was in the ability of these cells to form 
rosettes or respond to PHA [82]. In another study of lung and breast cancer 
patients, this relationship was studied by regression analysis [83] and it was 
concluded that although some cancer patients may have depressed lympho
proliferative responses in association with low levels of T lymphocytes, oth
ers have depressed functional activity with completely normal E-rosette lev
els. 

Percent E rosette forming cells have been determined for patients with a 
variety of malignancies, and several investigators have found an association 
with the clinical stage of the disease. In 31 patients with bronchial carcino
ma, Anthony et al. [84] observed a reduction in the proportion of E-roset
ting cells in the majority of patients with oat cell tumors and frequently 
among patients with squamous cell tumors. Silverman et al. (85] reported 
below normal % E-RFC in patients with disseminated melanoma, but not in 
those with melanoma confined to the primary site. Whitehead et al. [86] 
studied 100 women with breast cancer and found a decreased percentage of 
E-rosettes at all stages except locally advanced disease. Among patients with 
cervical carcinoma, Rand et al. (87] found a significant depression in % T 
cells in association with invasive, but not pre-invasive, conditions. 

Other studies have examined absolute numbers of T cells as well as per
centages in relation to disease stage. Among 62 patients with Hodgkins dis
ease, 86 % had a significantly lower % E-rosettes and 65 % had a lower 
absolute T cell count [88]. T cell levels of 50 patients with colorectal ade
nocarcinoma were quantitated prior to surgery and 60% of these showed a 
significant decrease in both % and absolute numbers of E-rosetting 
cells [89]. Catalona et al. [68] found an inverse correlation between absolute 
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count ofT cells and tumor stage in patients with bladder carcinoma. Among 
154 patients with primary carcinoma of the lung, Wanebo et al. [48] 
reported that absolute T cell numbers were significantly decreased in 44 % 
of patients with Stage III disease. The report of 112 patients with bronchial 
carcinoma by Dellon et al. [90] describes a positive correlation between E
rosette forming cell numbers, but not percentages, with disease stage in 
those patients with squamous cell carcinoma. Among patients with adeno
carcinoma, there was no significant difference among those with localized 
disease and those with regional and metastatic disease. 

Modifications of the E-rosette technique also showed an association with 
disease stage in some investigations. Using the high affinity rosette techni
que, West et al. [91J studied 50 patients with solid tumors and found that 
82 % had decreased high-affinity E-RFC numbers compared to a normal 
population. Weese et al. [92] also used the high affinity technique to study 
105 breast cancer patients and found that in groups of Stage II patients and 
patients with metastatic disease 37 % and 60%, respectively, had abnormal
ly low rosette levels, compared to a level of 10% in the control group. A 
decrease in % 'active' rosette forming cells was reported by Wybran and 
Fudenberg [93] in 68 % of patients with newly diagnosed solid tumors, and 
in 72 % of untreated patients undergoing relapse. In both categories, patients 
with metastases had fewer RFC than patients with localized disease. In 
contrast, Cochran et al. [32] found an increase in 'active' T cells among 
patients with malignant melanoma. 

Other reports have demonstrated a correlation between E-RFC and clin
ical outcome. Dellon et al. [90] found that absolute T cell numbers declined 
progressively among patients with advanced stages of squamous ceB carci
noma, oat cell carcinoma, and undifferentiated carcinoma, but not among 
patients with adenocarcinoma. A fall in T cell numbers preceded clinically 
evident metastases, while postoperative patients with rising T cell levels 
remained clinically free of disease [90]. This has been confirmed in a study 
by Shirakusa et al. [94] who also studied patients with bronchogenic cancer 
and found that the absolute number of T cells, and not the T cell percen
tages, correlated well with the postoperative course. Using the high affinity 
rosette technique, Oldham et al. [95] serially tested 29 lung cancer patients 
who subsequently developed metastases, and 15 of these showed a decline 
in E-rosette percentages prior to disease recurrence. Among patients with 
malignant melanoma, Bemego et al. [96J reported that although active 
rosettes were decreased only in metastatic patients, a sequential study of 
these values as closely linked to the clinical course. Patients whose values 
were constant tended to remain free of disease while patients whose values 
declined tended to develop metastases. 

In contrast to these positive trends, many other investigators have found 
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no correlation of T cell numbers to disease stage or prognosis. Nemoto et 
al. [97] did not observe any significant decrease in the total RFC number 
according to disease stage or course in 55 patients with breast cancer. Stein 
et al. [99] studied breast cancer among 255 women and found that % E-RFC 
did not correlate with prognosis. There was no association with stage among 
360 patients with gastric carcinoma in a study by Orita et at. [47]. Bjork
holm et al. [51] was unable to find any relationship between totallympho
cyte counts or T lymphocyte counts and disease outcome in previously 
untreated patients with Hodgkins disease. Among 102 patients with solid 
tumors, Kerman et al. [80] studied 'active' E-RFC and found normal per
centages at all stages, although absolute counts were somewhat depressed. 

The current focus of these quantitation studies has centered on the recog
nition of different subsets of human T lymphocytes. A portion of T cells 
from normal individuals bear surface Fc receptors for IgG (Ty), and others 
have T cell receptors with high affinity for IgM (T,u) [99, 100]. T,u receptor 
cells have helper activity for B cell differentiation and T cells express sup
pressor activity in a similar system [101]. Measurement of these T cell sub
sets has been recently studied in patients with malignant disease. Among 24 
patients with Hodgkins disease, peripheral blood Ty were significantly 
increased, resulting in low T.uITy ratios, while in the spleen there was an 
increase in the proportion of T,u, resulting in an abnormally high T,uITy 
ratio [102]. In this study, T.u cell proportions in the peripheral blood were 
significantly lower in patients with combined Stage III and IV than for I and 
II. However, proportions of T.u and Ty cells must be viewed with consider
able caution, as the expression of these markers can vary extensively 
depending on in vitro conditions [103]. 

In two separate studies of patients with chronic lymphocytic leukem
ia [104, 105], Ty cells were reported to be significantly higher in patients 
compared to healthy controls. Among 30 patients with urogenital cancer, 
the proportion ofT.u cells was found to decrease to 50% of normal values in 
early disease and decreased to 25 % of normal in advanced disease [106]. 
Forty-five patients with untreated solid tumors and 24 patients with lym
phomas were found to have an increase in the percentage of peripheral 
blood Ty cells and a decrease in T,u cells when compared with 30 normal 
controls [107] . 

The recent development of monoclonal antibodies defining helper and 
suppressor cell types in T cell populations promises to contribute even more 
data to the analysis of T cells and T cell subsets. However, these reagents 
have not yet been extensively applied to malignant disorders. Posner et 
al. [l08] examined the lymphocyte subpopulations of patients with un
treated Hodgkins disease and found no alteration in cells bearing markers 
associated with hp,lper T cells (OKT4) or suppressor T cells (OKT8) in the 
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peripheral blood. Relative and absolute numbers of T cells were decreased 
only in those patients with a poor prognosis, as defined by the presence of B 
symptoms. Our study of T cell subsets in the peripheral blood of malignant 
melanoma patients [109] revealed no correlation ofOKT4 and OKT8 mark
ers with stage of disease. In addition, no correlation was seen with clinical 
outcome, either by analysis of melanoma patients' cryopreserved lympho
cytes obtained several years earlier before the determination of clinical out
come, or by sequential studies from patients with subsequent recurrent dis
ease. This study indicates that, at least among patients with malignant mela
noma, analysis of T cell subsets in peripheral blood cannot predict tumor 
progresSIOn. 

The problem of interpreting this enormous amount of conflicting data 
seems to be three-fold. Technical variables are the first to be considered. 
Slight changes in temperature of incubation, ratio of SRBC to lymphocytes, 
freshness of the SRBC, and the use and choice of serum as a stabilizing 
source can considerably alter rosette results. There is such a lack of standar
dization for this method that virtually every study of rosette formation in 
cancer patients employs a somewhat different technique. The second pro
blem concerns the assumption that the measurement of a cell type by the 
presence of a receptor is a direct indication of function. Because a receptor 
is expressed does not mean that the cell expressing it is capable of carrying 
out specific functional activities. On the other hand, a completely functional 
lymphocyte might develop a modification of the lymphocyte membrane 
which prevents rosette formation. And finally, the peripheral blood of the 
cancer patient may not be the most appropriate place to study T cell subset 
imbalances, especially among patients with more localized disease. These 
studies did demonstrate that there can be a considerable imbalance of T cell 
numbers in patients with metastases. However, it might be better to study 
the earlier disease stages by examining a lymphatic compartment closer to 
the tumor itself, such as the adjacent lymph nodes. The microenvironment 
of the tumor might be a more suitable place to determine the importance of 
T cell and T cell subset quantitation to the stage of disease and clinical 
outcome. The fact that most of the positive correlations to stage or progno
sis have been consistantly observed only in patients with certain cancers or 
with advanced cancers indicates that the abnormalities of T cell levels seen 
in these patients are secondary to the malignant process rather than a pre
liminary event. 

5. LYMPHOCYTE CYTOTOXIC FUNCTIONS 

The measurement of non-disease related lymphocyte mediated cytotoxic
ity can be used as a determination of functional immunocompetence. The 
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functions to be considered include K cells active in antibody dependent 
cellular cytotoxicity and natural killer (NK) cells. Both processes involve 
non-immune cells which do not require previous exposure to the antigen. It 
is this lack of specificity for any single target antigen which qualifies these as 
measures of general immune function. In contrast, measures of specific 
tumor cytotoxicity have been excluded from this section. 'Specific' cyto
toxic T cells have been extensively studied in patients with malignant dis
ease. The data on cytotoxic T lymphocytes (CTL) against human tumor 
associated antigens is difficult to evaluate because of the variety of targets 
and techniques employed. Furthermore, CTL are not directly relevant to the 
central question of this chapter, i.e. of what value is the determination of 
immune competence in the cancer patient? While CTL specifically reactive 
to the tumor may be among the most important factors in determining the 
host-tumor relationship, their measurement is not a function of'immuno
competence' nor are methods currently available that would allow standar
dized testing of CTL against a single known 'tumor antigen'. Thus, general 
T cell functional properties are considered elsewhere in this chapter, but 
cytotoxic T cell functions are excluded. Similarly, we have examined the 
non-specific component of ADCC (i.e. the function of the effector K cells) 
but not the specificity of the antibodies involved in ADCC against human 
tumor associated antigens. 

Antibody dependent cell mediated cytotoxicity can be mediated by var
ious populations of cells in the peripheral blood, and the type of target cell 
affects the type of cell which mediates the cytotoxic reaction. Antibody
coated avian and mammalian erythrocytes can be lysed by polymorphonu
clear cells, monocytes, and lymphocytes [110], while antibody-coated lym
phocyte targets or tissue culture cell lines are generally killed only by lym
phoid effector cells (designated as killer or K cells) [Ill]. K cells are non
adherent, non-phagocytic lymphoid cells which do not possess T or B cell 
markers although they may sometimes have low affinity sheep erythrocyte 
receptors or other T markers. They do have Fc receptors which interact with 
the specific IgG bound to the surface of the target cell (112]. 

Interpretation of clinical studies using ADCC has been hampered by sev
eral complications. The target cell used in the assay determines the effector 
cell type, so results cannot be compared between nucleated targets and ery
throid targets since they measure the activity of different effector popula
tions. Secondly, there have been fewer clinical investigations with less 
patients per study because of the technical complexity of the ADCC assay 
compared to other measures of general immune function. 

Reports on ADCC effector functions mediated by K cells in cancer 
patients are conflicting. ADCC directed against Chang cell targets was found 
to be impaired in one study of 100 cancer patients with a variety of 



234 

tumors [113], with 69 % of the patients having lower mean values than the 
normal controls. Another study tested lymphocytes of patients with various 
tumors against allogeneic PBL as targets using antibody with activity against 
HLA specificities [114]. It was found that the lymphocytes from cancer 
patients demonstrated less killing than lymphocytes from controls but that 
this decrease did not correlate with stage of the disease. In assays against a 
mouse mastocytoma target, K cell activity was found to be the same in 
patients with early stage cancers as in healthy individuals and those with 
benign disease [115]. In this same study, a decrease of 42 % in cytotoxicity 
was noted in patients with advanced cancer, although this decrease was also 
seen in patients with sepsis and did not correlate with prognosis. No signif
icant difference in ADCC activity against Chang targets was found in 37 
patients with colorectal cancer compared to 23 healthy controls [116], 
although some patients did show an increase in cytotoxicity after tumor 
resection. Using two other tumor targets, K cell activity from lymphocytes 
of breast cancer patients at Stages I and II was similar to the activity seen in 
healthy controls [117]. Deficiencies in Chang target cell killing among 
chronic lymphocytic leukemia patients returned to normal values after 
removal of adherent cells and was attributed to a difference in actual num
bers of killer cells and not to a defect in their function [118] . 

Investigations of adherent cell mediated ADCC by cancer patients also 
show conflicting results. Studies of Hodgkins patients leukocytes against the 
CRBC target have shown responses ranging from an impaired cytotoxici
ty [119], to normal cytotoxicity [120], to an increased monocyte mediated 
cytotoxicity [121]. Other investigations of patients with various solid tu
mors have shown no difference in their adherent cell ADCC as compared to 
normal controls [113). Clearly, the problem with many of these assays has 
been that the operating effector cell has not been well characterized and may 
have included a mixed population of cell types. The discrepancies seen in 
the literature on all ADCC clinical studies are undoubtedly due to the var
iation imposed on the system by the use of several different target cells and 
an undefined effector population. 

Natural killer cells are a group of cells of lymphoid appearance whose 
cytotoxic capabilities are not dependent on prior sensitization. NK effectors 
are non-phagocytic, non-adherent cells that are quite heterogeneous with 
regard to other markers. For example, natural cytotoxicity has been found 
in populations which are both E-rosette positive and negative [122, 123]. 
Most investigators agree that NK activity in peripheral blood is mediated by 
cells with Fc receptors for IgG [124, 125] although some activity has been 
associated with cells bearing Fc receptors for IgM [126, 127). This hetero
geneity may indicate that NK activity resides in different subsets of lym
phocytes. Alternately, it has been proposed that these markers may not be 
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stable indicators of different lineages and that a single cell type with func
tional NK activity might express different markers at various stages of 
maturation or activation [128]. The 'specificity' of NK cytotoxicity is a 
complex problem beyond the scope of this chapter. Suffice it to say that 
some NK 'sensitive' target cell lines such as the myeloid leukemia cell line 
K562 probably represent the most common NK target structures. Unfortu
nately, standardization of NK methodology or choice of target cells has not 
occurred, although K562 has become the most popular target cell. 

Several laboratories have compared the NK cytotoxicity of cancer pa
tients and normal donors, and most have found a decreased reactivity 
among patients with malignant disease. Takasugi et al. [129] studied 289 
patients with a wide variety of solid tumors and found that in comparison 
to normal individuals, cancer patients showed a small decline in average 
NK reactivity which correlated with increasing tumor involvement. Pross 
and Baines [130] found no significant difference in NK activity between 
healthy controls and patients with clinically localized malignancies of many 
different histologic types. However, these investigators did find that patients 
with metastatic disease, and patients with untreated chronic lymphocytic 
leukemia, had very significant decreases in NK cytotoxicity. This associa
tion with stage of disease was again demonstrated in a study by Kadish et 
al. [131]. She found that 31 % of 51 patients with solid tumors had de
creased killing against the cell line K562 compared to 7 % in the normal 
controls. When patients with metastases were considered separately this 
number increased to 50 %. Of particular interest in the study of Kadish et al. 
is the finding that low NK activity is not due to abnormally low interferon 
production. Since interferon is a potent activator of NK cytotoxicity, this 
finding suggests that low NK activity in cancer patients is under regulatory 
controls other than interferon. Vose et al. [132] reported that 47% of 
patients with confirmed malignant disease failed to give significant cytotox
icity to the cell line K562, but these investigators did not find a correlation 
to stage of disease. They also did not observe significant differences in the 
proportion of Fc receptor cells or E-rosetting cells among these pa
tients [132]. Patients with chronic lymphocytic leukemia exhibited a similar 
decrease in NK activity [133], and these investigators were not able to 
increase NK cytotoxicity by increasing the effector to target cell ratio. They 
concluded that low NK cytotoxicity was not due to a decrease in the num
ber of immunocompetent cells. 

Other investigators have not observed a decline in NK activity among 
cancer patients. Women with clinically localized mammary carcinoma had 
a wide range of NK cytotoxicity which was comparable to that seen in 
healthy individuals [134]. This is in contrast to a study of 83 women with 
primary untreated breast cancer [135] in which one-third of these patients 



236 

gave poor NK reactivity to K562 cells. Among 74 malignant melanoma 
patients, no differences in natural cytotoxicity levels were found against 
non-melanoma target cells compared to control values [136]. No decrease in 
the NK activity against K562 and CCRF-CEM cell lines was evident among 
72 patients with Stage III primary lung cancer and metastatic tumors prior 
to chemotherapy [137]. However, there was a decrease in all patients fol
lowing chemotherapy, and this recovery of NK activity seemed to correlate 
with the effect of therapy [137]. Other data obtained from patients with 
small cell carcinoma of the lung and Stage I and II melanoma indicated the 
NK activity is associated more with the amount of clinically detected tumor 
than with the results of chemotherapy [138]. 

The relationship of NK activity to other measures of immunocompetence 
has been examined by a number of investigators. Pross and Baines [130] 
reported a lack of association between delayed type hypersensitivity to PPD 
and NK cytotoxicity. Vase et al. [132J found that although tumor infiltrating 
lymphocytes (TIL) and lymph node lymphocytes (LNL) gave diminished 
NK reactivity, LNL expressed good reactivity to PHA and in MLC. Niitsua 
et al. [139] also observed very poor reactivity in NK and MLC-CML assays 
with TIL from pulmonary tumors while LNL and peripheral blood lympho
cytes from the same patients had normal or near normal levels of activity. 
Menon and Stephani [140] have reported that the observed decrease in NK 
response in cancer patients is paralleled by a decrease in PHA responsive
ness. Good correlations between NK and ADCC reactivity have been seen 
in studies of normal donors and cancer patients [124, t 4 t] as would be 
expected for tests that appear to measure two overlapping but non-identical 
cell populations. 

The results obtained from the many laboratories studying ADCC andlor 
NK cytotoxicity in cancer patients are similar to other immunological 
assays in terms of providing an overall picture of immune function. NK and 
ADCC appear in general to be depressed in the cancer patient, especially 
when there is extensive metastatic disease, but the tests certainly cannot be 
used as accurate indicators of either diagnosis or prognosis. The lack of 
standardized technology aggravates this problem but even if all laboratories 
were using identical techniques, this would not eliminate the fact that cancer 
patients differ from healthy subjects in such assays by a relatively small 
factor. Given the enormous degree of variability within the human popula
tion, such tests can only be of limited value in assessing any individual 
patient. Once again, they point to decreased reactivity with increased tumor 
burden and support the hypothesis that impairment of immune functions is 
a consequence of the malignant process. 

Analysis of the distribution of reactivity in any single immunologic assay, 
such as NK cytotoxicity, can be extremely useful as a probe ofthe biology of 
the disease. For example, Pattengale et al. [142] showed a correlation 
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between susceptibility of leukemia cells to NK effectors and the ultimate 
clinical progress of the leukemia. In an extensive study of 194 melanoma 
patients, Hersey et al. [143] showed a correlation between NK activity and 
certain histopathological features of the primary melanoma such as the pre
sence of high NK activity in the peripheral blood being associated with less 
lymphocyte infiltration at the base of the tumor. These types of observa
tions, while they fail to provide a complete explanation of the biological 
significance of NK cytotoxicity, do point to possible fruitful areas of inves
tigation into the host-tumor immunobiology. The use of immunologic im
munocompetence assessment to address questions about the natural history 
of a malignant disease are more likely to be of long-range usefulness than 
attempts to determine prognosis of individual patients. 

6. SUPPRESSOR CELLS 

It is now clear that immunology has entered an age of 'regulation' and no 
discussion of immune function would be complete without an evaluation of 
the role of suppressor cells. Since this is a topic of extraordinary interest in 
contemporary immunology, it would be quite easy to assemble a vast liter
ature survey on suppressor cells and malignancy. Instead, we have chosen to 
address only two relatively narrow issues - are 'non-specific' suppressor 
cells the cause of impaired immunologic function in the cancer patient and 
is the measurement of suppressor cells of use and significance in assessing 
the immunocompetence of the cancer patient? We will not be addressing 
the biology of suppressor T cells which are antigen-specific and affect the 
function of rejection mechanisms specific for tumor associated antigens. 
This area has been reviewed by others [144] and implicit in such studies is 
the requirement for the demonstration of a 'tumor-specific' immune res
ponse. Since demonstration of such specific responses are beyond the capac
ity of most clinical immunology laboratories, and certainly do not lend 
themselves to standardization, this area of research is unlikely to be part of 
the routine analysis of the cancer patient in the foreseeable future. A second 
area of considerable importance that will not be further discussed are neo
plastic diseases of regulatory cells. There is little doubt that neoplasms of 
helper or suppressor lymphocytes will prove as illuminating to the cellular 
immunologists as myelomas proved to be for the immunochemists. This 
area has been reviewed by Broder et al. [145] and will not be further dis
cussed here as they represent very infrequent clinical entities. 

Three cell types have generally been evaluated as suppressors of immune 
functions. These include spontaneous T cell suppressors of immune res
ponses, inducible T cell suppressors of responses with the induction of the 
suppressive activity usually generated by a polyclonal T cell mitogen such as 
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Con A, and spontaneous suppressors of monocyte/macrophage phenotype. 
Each of these cell types will be discussed separately, although frequently 
techniques have been employed that will not distinguish among these cell 
types. 

Spontaneous T cell suppressors (i.e. suppressor cells which do not require 
an activational event for them to express suppressive activity) have been 
most thoroughly studied in chronic lymphocytic leukemia (CLL). The sim
ple question addressed by most laboratories has been is the hypogammaglo
bulinemia associated with CLL due to excessive suppressor T cell activity? 
In this case, the target of the suppressor T cells would be the normal B cells. 
Hersey et al. [146] suggested that both regulatory T cell functions and B cell 
functions were abnormal in CLL patients. Six of eight patients tested 
showed diminished Ig production by B cells, 5 of 8 showed impaired T 
helper cell function when tested with normal B cells, and 6 of 8 showed 
excessive T suppressor function on normal B cell Ig synthesis. Kay [147] 
also showed diminished T helper and excessive T suppressor function in 
CLL patients when B cell DNA synthesis was evaluated. He identified the T 
suppressor function with Ty cells. Catovsky et al. [148] in a study of 40 CLL 
patients also concluded that excessive T suppressor activity resulted in 
hypogammaglobulinemia and also ascribed the suppressor activity to Ty 
cells. However, Inoshita and Whiteside [149] suggested that the primary 
defect in CLL was in B cell function rather than in dysfunction of immu
noregulatory T cells. Their study, based on 12 patients, did find abnormal 
proportions of T.u and Ty cells but failed to detect abnormal T functional 
capacities for the regulation of Ig synthesis. This is an important point as 
functional activities are clearly more relevant than surface markers in deter
mining suppressor cell function. 

Other than CLL, suprisingly little has been done to evaluate the role 
spontaneous T cell suppressors in human malignant disease. Hersh et 
al. [150] examined suppressor activity for mitogen induced proliferative res
ponses using peripheral blood lymphocytes from cancer patients as the reg
ulatory cell and peripheral blood lymphocytes from healthy donors as the 
target. They identified suppressor cells in 71 % of the 35 patients they stu
died and concluded this activity had a T cell component on the basis of 
sensitivity of some of the suppressor activity to thymic hormone prepara
tions and/or ionizing radiation. However, interpretation of this type of stu
dy is difficult as a variety of patients were used and the abrogation of 
activity by thymic hormone containing preparations is not the clearest cri
teria for identification of a suppressor cell as a T suppressor cell. The com
monly used experimental design of testing for suppression on normal allo
geneic cells, as was done by Hersh et al. [150], presents several problems. 
First of all, some degree of mixed lymphocyte reaction between suppressor 
and indicator cells is likely and such responses will be difficult to identify 
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and quantitate. Secondly, suppressor reactions that are restricted by the 
major histocompatibility complex will not be detected. Unfortunately, it is 
difficult to find alternative designs. Testing on the patients own cells is 
probably better, but these cells may have been already subjected to suppres
sive influences and may not be good indicators. Lymphocytes from HLA 
matched siblings would be an excellent, albeit limiting and inconvenient, 
choice. 

A much more direct indication of T suppressor cells was provided by 
Moroz and Kupfer [151] in breast cancer patients. They demonstrated that a 
subpopulation of T cells (the lymphocytes bearing ferritin on their surface) 
would suppress the mixed lymphocyte reaction of the patient's own lym
phocytes and that the presence of such cells was associated with lympho
cytes from early stage breast cancer donors but not peripheral blood lym
phocytes from normal women or women with benign breast diseases. Furth
er exploration of this system may be quite productive in determining the 
role of suppressor cells in the development of human breast cancer. 

T cell suppressors for Ig synthesis have also been shown in patients with 
melanoma [152]. Radiosensitive R-rosette forming cells from the peripheral 
blood of normal donors were able to suppress the pokeweed mitogen driven 
Ig synthesis of purified B cells of the same donors. Increased activity in this 
assay was detected in patients with localized melanoma. Surgical removal of 
the tumor appeared to result in a significant decrease in suppressor activity 
against 19A and IgM but not against IgG production. Although the authors 
were optimistic that this type of approach could explain the failure of many 
patients to produce anti-melanoma antibodies, the facts remain that cancer 
patients in general have normal Ig levels and the melanoma is not generally 
associated with profound immunologic anergy. Thus, the significance of this 
finding remains uncertain. 

A much more complex system is the Con A induced suppressor system. 
In such systems, 'pre-suppressor cells' are cultured with a T cell mitogen 
such as Con A and an active suppressor cell is generated in culture. These 
induced suppressor cells are then tested for their ability to suppress a res
ponse of autologous or allogeneic lymphocytes. The target responses are 
usually proliferative responses to mitogens but can also include other T or B 
cell functions. 

The pattern which appears to be emerging from studies with Con A 
induced suppressor cells is of deficient suppressor activity in lymphoproli
ferative malignancies and excessive suppressor activity in 'solid' tumors. 
Whether this generalization will withstand critical analysis remains to be 
determined, and may represent an optimistic viewing of the literature rather 
than an established fact. The suggestive evidence in this direction is pro
vided by studies of 20 Hodgkins disease patients [153] in which 7 of the 20 
were deficient in Con A induced suppressor cell activity. Five of nine 
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advanced disease patients showed deficient suppressor activity compared to 
only 2 of 11 early stage patients. No correlation could be obtained between 
Con A induced suppressor activity for PHA responses and circulating lym
phocyte or T cell numbers or PHA response of separated lymphocytes. Sup
pressor activity also appears to be somewhat diminished in children with 
acute lymphoblastic leukemia [154]. In contrast, Con A induced suppressor 
activity appears to be higher than normal in the peripheral blood lympho
cytes of urologic cancer patients [155] and gastric cancer patients [156]. 
However, no difference was found between 22 melanoma patients and age
matched controls for Con A induced suppressor activity as measured by 
autologous lymphocyte responses to Con A [157]. The lack of suppressor 
activity in melanoma was interesting in that the proportion of Ty cells was 
increased. Thus, the proportion of cells with' suppressor phenotype' will not 
necessarily indicate presence of suppressor cells in a population of cancer 
patients. In a study of 13 Hodgkins disease patients, Vanhaelen and Fish
er [158] found no difference between the patients and controls in ability to 
generate Con A induced suppressors although the patients lymphocytes were 
more sensitive to such suppression. The mechanism of suppression in such 
systems remains obscure although the recent suggestion that the mediator of 
the human Con A induced suppressor cell is interferon certainly deserves 
further attention [159], as the biological and clinical significance of Con A 
induced suppressor cells can only be fully understood when the mechanism 
of suppression is better understood. However, several serious reservations 
have been expressed about the Con A system. Some of these reservations 
relate to interpretation of results and the necessity for appropriate controls. 
For example, Schulof et al. [160] pointed out the necessity of using age
matched controls as the ability to suppress allogeneic response, although not 
autologous responses, declined in the elderly population. A similar concern 
has been raised about the suppressor macrophage system [161]. The pro
blem of appropriate selection of controls is a difficult one that is beyond the 
scope of this discussion but should be kept in mind when evaluating all 
human studies. A much more fundamental question has been raised by 
Fernandez and MacSween [162]. These authors questioned wheter a Con A 
inducible suppressor cell really exists since lymphocytes cultured in the 
absence of Con A actually show an augmentation of proliferative responses 
when compared to lymphocytes not subjected to culture. They proposed 
that culture of the cells in the presence of Con A results in the loss of 
augmentation rather than the induction of suppression. This further empha
sizes the need for much more comprehensive understanding of the nature of 
the suppressor cells and the mechanism of suppression before it is even 
useful to assess whether they are an important factor in the development of 
a unique host-tumor relationship. 

The most extensively studied suppression system in human malignant 
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disease has been the adherent cell capable of suppressing normal immuno
logic functions. These cells are usually assessed for the inhibition of proli
ferative responses although Broder et al. [163] identified circulating mono
cytes capable of suppressing Ig synthesis in patients with multiple myeloma. 
This finding may help explain the impairment of normal polyclonal Ig syn
thesis in patients with myeloma and may reflect a normal homeostatic 
mechanism attempting to deal with the excessive Ig production inherent in 
the disease. 

Hodgkins disease has probably been the most extensively studied malig
nancy for the presence of suppressor macrophages. Goodwin et al. [164] 
identified prostaglandin secreting macrophages as the suppressive cell in 
Hodgkins patients and Han [165] found this activity to be much more pron
ounced in patients with active and generalized disease as opposed to 
patients with localized disease or disease in remission. Other laboratories 
have indicated that the monocyte mediated suppression in Hodgkins disease 
correlates with the poor proliferative response characteristic of lymphocytes 
from patients with this disease [166] and lymphocytes from Hodgkins dis
ease patients may exhibit increased sensitivity to monocyte mediated sup
pression by lymphocytes [167]. Again, such data must be viewed with cau
tion as the excess suppression mediated by monocytes in Hodgkins disease 
may be due in part to the greater tendency of monocytes from the peripheral 
blood of patients with this disease to accumulate in the standard purifica
tion procedure for mononuclear cells when compared to mononuclear cells 
from normal individuals [166]. Thus, a small change in the density of the 
monocytes would result in accumulation of these cells in the mononuclear 
preparations and yield a false result suggestive of excessive suppression. 

Non-specific suppression mediated by adherent cells has also been stu
died in patients with non-lymphoid malignancies. Quan and Burtin [168] 
tested peripheral blood lymphocytes from 169 cancer patients and found an 
overall significant diminution of response to PHA. They found the presence 
of suppressor cells in 6 of the most suppressed samples and concluded that 
the suppressor cells were monocytes based on sensitivity to carrageenan. 
More convincing evidence of monocyte mediated suppression has been 
obtained using indomethacin treatment of mononuclear cells to prevent 
prostaglandin synthesis. This approach has been used to show the presence 
of suppressor monocytes in melanoma [169] and lung cancer patients [170]. 
In the study of 33 melanoma patients [169], indomethacin increased the 
proliferative response by 35 % to 85 % whereas this drug increased the Con 
A response from normal subjects by only 5 % to 15 %. No correlation could 
be obtained between suppressor activity and stage of disease, age, or pro
portion of blood monocytes. The proportion of monocytes is an important 
variable which is all too often ignored in such studies. Braun and Har
ris [171 showed that cancer patients with poor PHA responses tend to have 
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higher monocyte counts than do normal controls or patients with strong 
PHA responses. This does not mean that only monocyte numbers affect this 
response, since differences in regulatory function clearly exist [171], but that 
quantitative differences in monocytes can have important effects. In another 
study of 25 melanoma patients [172], adherent indomethacin-sensitive sup
pressor cells were found more often in patients with metastatic disease than 
in patients with localized disease and the presence of adherent suppressor 
cells 'tended to correlate' with more rapidly progressing disease. Similarly, 
26 of 30 lung cancer patients studied had suppressor activity of monocyte
enriched cells and this activity was most noticeable among patients with 
more extensive disease [173]. In addition to proliferative responses, indom
ethacin reversal of suppression of the ability to manifest a local graft-vs.
host reaction has been reported [174]. This latter study is of interest in that 
the indomethacin effect was not related to inhibition of synthesis of prosta
glandin. This raises the important point, also emphasized by Schechter et 
al. [175], that excessive production of prostaglandins is probably not the 
sole mechanism of inhibition by monocytes. Other monocyte products are 
likely to have an involvement in the regulation of lymphocyte responses and 
even if a response is indomethacin-sensitive one cannot assume that this is 
an unequivocal indication of prostaglandin involvement in the regulatory 
process. 

A number of other malignancies have been reported to have adherent 
suppressor cells demonstrable in the peripheral blood. For example, adher
ent suppressor cells have been reported in bladder carcinoma [176, 177], 
prostate cancer [178], and head and neck cancer [179]. Particularly interest
ing among these diseases is the finding of adherent suppressor cell activity 
in healthy relatives of patients with hereditary colon cancer [180]. Whether 
this finding indicates the involvement of suppressor cells in the etiology of 
the disease or is simply a potentially useful marker for those at risk has yet 
to be determined. 

With the variety of types of suppressor cells identified and a variety of 
techniques available to measure each type of suppressor cell, there is inevit
able confusion as to what a 'suppressor cell' really is and what suppressor 
cell activity means biologically. Several laboratories have addressed this 
problem by comparing several assays for suppressor cells. The major pro
blem in doing such experiments is that most of the systems are technically 
demanding and require a substantial number of cells. Thus, it is difficult to 
do multiple assays on anyone sample and the end result is that most pub
lished studies have included relatively few patients. Therefore, these studies 
must be taken as indications of promising areas of further research rather 
than definitive comparisons of the activity of various types of suppressor 
cells. For example, lerrells et al. [181] studied 38 lung and breast cancer 
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patients and found 15 that had suppressor cell acti vity. Fourteen of these 
were further characterized and included 7 patients with predominately 
adherent cells mediating the suppression (5 lung and 2 breast cancers) and 7 
with predominately non-adherent suppressor cells (3 lung and 4 breast). In a 
similar study, Uchida and Hoshino [182] studied 15 patients with either 
stomach or lung cancer. They identified two types of suppressor cells includ
ing a Sephadex G 1 0 adherent monocyte and a nylon wool non-adherent cell 
(persumably a T lymphocyte). Hubbard et al. [183] compared spontaneous 
and Con A induced suppressor activity with lymphocytes obtained from 13 
head and neck or colorectal cancer patients. When compared to 18 healthy 
control donors, the cancer patients exhibited higher spontaneous suppressor 
activity and diminished Con A inducible suppressor activity for mixed lym
phocyte culture responses. Schulof et a1. [184] compared a wide variety of 
parameters of immunocompetence including Con A induced suppressor 
activity in 31 untreated Hodgkins disease patients. Con A induced suppres
sor activity did correlate to PHA response and T cell colony forming capac
ity. However, there were no characteristic abnormalities in any single assay 
or combination of assays. 

It must be kept in mind that studies designed to search for suppressor 
cells are more likely to find suppressor cell activity than studies designed to 
question their existence. The operational paradigm for many tumor immu
nologists is that suppressor cells exist and are responsible for tumor-induced 
immunosuppression. Therefore, experiments are structured to test for sup
pressor cells rather than to disprove their existance. The danger in this type 
of thinking is that we will assume that suppressor cells can explain all 
instances of impaired immune function. Yet, there are several studies which 
indicate that suppressor cells do not exist in all malignant conditions. Bank
hurst et a1. [185] were unable to identify suppressor cells in the peripheral 
blood of cancer patients using three different assay systems including the 
measurement of prostaglandin secreting adherent cells, spontaneous sup
pressor cells, or Con A induced suppressor cells. Although these investiga
tors tested only 5 to 10 patients in each assay system, all the patients tested 
were anergic. This study once again indicates that mechanisms other than 
suppressor cells can result in defective T cell functions. Fernandez et 
a1. [186] were unable to find lymphocytes of chronic lymphocytic leukemia 
(CLL) patients able to suppress T cell proliferative responses to mitogens. 
They also used several different methods to detect suppressor cells and were 
unable to find indomethacin-sensitive or spontaneous suppressors of T cell 
functions. This result is in strong contrast to the previously cited results in 
CLL of suppressor cells for B cell functions. It is possible that the suppressor 
functions specific for B cell responses in CLL represent a normal immuno
logic mechanism attempting to deal with excessive B cell proliferation and 
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that induction of suppressor activity is not a generalized phenomenon in 
either CLL or in all malignant diseases. 

The suppressor cell functions described thus far have been detected in 
cells of the peripheral blood. However, other lymphoid compartments such 
as the lymph nodes or the tumor infiltrating lymphocytes (TIL) may be of 
even greater significance since they represent lymphoid compartments in 
closer proximity to the actual tumor site. Several laboratories have exam
ined regulatory functions among lymph node lymphocytes (LNL) draining 
the tumor site. Catalona et al. [187] found Con A inducible suppressor cells 
in 11 of 14 regional lymph nodes draining urological tumors and only in 1 
of 4 control nodes studied. The function being measured was suppression of 
autologous peripheral blood responses to Con A. It is interesting to note that 
they were unable to find suppressor cells without Con A activation while 
Herr (188] found spontaneous suppressors of peripheral blood lymphocyte 
MLC reactivity in the pelvic nodes of three patients with advanced bladder 
cancer. However, Callery et al. [189] used a very similar protocol to exam
ine LNL from melanoma patients and were unable to detect suppressor cells 
for MLC in any of 12 samples tested. Vose and Moore [190] found suppres
sor cell activity among TIL of human lung and breast cancers. Responses 
being measured were peripheral blood lymphocyte proliferative responses to 
PHA and the suppressor cells required no induction by Con A. In contrast, 
Uchida and Micksche [191] found Con A inducible suppressors but not 
spontaneous suppressors in the pleural effusions of 18 of 20 patients with 
lung cancer. Again, the response being measured was autologous or allo
geneic proliferative responses to PHA or Con A. Why should spontaneous 
suppressors be detected among TIL of lung or breast tumors while only Con 
A inducible' pre-suppressors' are found in pleural effusions? The answer is 
obscure at present but may involve the responses being measured, the 
source and method of preparation of the lymphocytes, or the selection of 
patients. The indicator response being suppressed is probably a very impor
tant variable. For example, TIL may show suppressor activity for prolifer
ative responses but neither TIL nor LNL have been shown to have suppres
sor activity for NK cytotoxicity [139,192]. The lack of suppressor activity 
among TIL and LNL is interesting considering that both TIL and LNL have 
rather low NK activity. This emphasizes that the absence of a response or 
the presence of a low level response cannot be assumed to be evidence for 
the presence of suppressor cells. 

CONCLUSIONS 

The stated purpose of this chapter was to examine studies of implUno
competence in cancer patients to determine if such studies have been of any 
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practical use for the development of better patient care or of any scientific 
usefulness in better defining the host-tumor relationship. Despite the ex
traordinary effort devoted to studies of immunocompetence in cancer pa
tients, and the thorough analysis of many systems for correlations between 
immunologic function and tumor stage or progression, the practical useful
ness of' non-specific' immunologic testing in cancer patients remains highly 
doubtful. Simple immunologic tests such as skin tests may help to identify 
the anergic patient. Identification of the profoundly immunosuppressed 
individual can be of obvious usefulness as this group of patients may 
require special considerations such as measures to prevent opportunistic 
infections. The profoundly immunosuppressed patients probably represent 
subsets of patients with large tumor burdens or with immune systems par
ticularly sensitive to immunosuppressive factors produced by or induced by 
the tumor. As such, they represent a special challenge to the therapist and 
are particularly poor candidates for immunotherapy. Beyond these consider
ations, it is hard to pinpoint any specific advantage to routine immunologic 
testing of cancer patients. No single assay can accurately predict prognosis 
for an individual patient and any attempt to individualize therapy based on 
PHA response or some comparable immunologic parameter is unlikely to 
succeed. If no single assay can provide more than a general indication of the 
effects of the tumor on the immune system, can a collection of assays be 
used to accurately predict which patients are doing well and which will do 
poorly? Many laboratories have used mUltiple assays and sophisticated sta
tistical techniques to construct' immunograms' for a set of patients. While 
the last word is not in on such attempts, they strike us as being unlikely to 
be able to predict the outcome for individual patients. The assumption 
underlying such an attempt is that all of these assays have some relevance 
and validity. However, for any individual patient some assays will be 
entirely irrelevant and may even be totally deceptive. For example, consider 
an individual who has always had a PHA response which was 50% higher 
than age-matched controls. If this person now has Hodgkins disease and 
presents with a PHA response which is at • normal' levels, he would be 
identified as an individual likely to do well, but, he may really be expressing 
a profound deficit in immunologic function. Thus, the extraordinary spread 
of responses among the normal population greatly limits the usefulness of 
almost all these assays. Furthermore, attempts to use combinations of 
assays presume that we can assess the relative importance of each assay 
system. This has proven to be impossible thus far and probably will con
tinue to be impossible since the relative importance may vary with the 
individual patient. There is an obvious experiment to determine if any col
lection of assays of immunocompetence can predict clinical outcome. One 
needs to test a set of patients with the panel of assays and construct a for-
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mula so that the immunologic test results divide the patients into those who 
recurred and those who did not recur. There is no doubt that any set of 
assays can do this since any collection of assays must find some which will 
describe any subset of the patients. The rigorous test is to then discard the 
assays which appear to have no value in the first set of patients for predic
tion of prognosis and utilize the same formula generated from this first set 
on an entirely new set of patients. So far, no such formula has been gener
ated which can be used reproducibly from one patient population to the 
next. It is possible that the introduction of specific anti-tumor responses 
into the formulation would allow a much more precise determination of 
prognosis or diagnosis. In this case, assays of immunocompetence may 
prove to be a useful secondary part of an immunologic evaluation of a 
patient. However, there remains little evidence that assays of immunocom
petence alone are of sufficient accuracy or relevance to provide useful infor
mation. 

The other central question is whether assays of immunocompetence can 
provide useful information concerning the biology of the host-tumor rela
tionship. Here, one can be much more optimistic. Research in this area has 
already proven itself to be of considerable significance. For example, the 
overwhelming body of evidence indicates that cancer is an immunosuppres
sive disease. With this as an established fact, investigators were encouraged 
to explore the various immunoregulatory properties of host factors. Thus, 
the role of such immunoregulatory molecules as a-feto-protein, prostaglan
dins, histamine, interferon, and many others have come to light and been 
carefully analyzed. Many other examples abound where fundamental studies 
and basic information of considerable value have been generated from 
efforts to determine why and how immunologic function is impaired in 
cancer patients. The exact benefits to be gained from such studies cannot be 
predicted in advance, but a prediction that such studies will be useful is a 
very safe one. 
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INTRODUCTION 

'Biological response modifier' (BRM) is a term recently coined to include 
the many agents and approaches to the treatment of cancer whose mechan
ism of action involves modulation of the individual's own biological res
ponses. Although activation of host responses, particularly the host-immune 
response, has been the goal of therapists for many generations, recent tech
nologic advances have improved our understanding of biological responses 
making manipulation of them for therapy a practical goal. In particular, 
tremendous strides have been made in the last three to five years in mole
cular biology with respect to nucleic acid sequencing and translation, pro
tein sequencing and synthesis, isolation and purification of biological pro
ducts, mass cell culture, and 'genetic engineering' of eukaryotic genes in 
bacteria, yeasts and into eukaryotic cells. The advent of these' new techno
logies' has led the way to a greater understanding of biologics which may 
exist in exceedingly minute quantities but have tremendous amplifying 
powers with respect to their effect on host responses. Historically, 'activity' 
has been detected in many biological preparations, but the isolation and 
purification of the active factor has been fraught with many difficulties. The 
technology is now available for large-scale production of biologics, the iso
lation and purification of these products, and eventually their production by 
genetic engineering or by chemical synthesis. Because of these recent ad
vances, biological response modifying therapy is now a reality and our 
understanding of BRMs will likely be of great value in understanding cancer 
biology and improving cancer therapeutics in this decade. 

The Biological Response Modifiers Program (BRMP) is a comprehensive 
program of the Division of Cancer Treatment (DCT), National Cancer 
Institute (NCI), intended to investigate, develop and bring to clinical trials 
potential therapeutic agents that may alter biological responses important in 
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the biology of cancer growth and metastasis. This program has been des
cribed in more detail elsewhere [1]. The program was conceived as a 
focused approach in the nCT to support further research in BRMs and to 
rapidly apply these potential leads to the treatment of cancer in man. The 
classes of agents being investigated in this program include immunoaug
menting, immunomodulating and immunorestorative agents, interferons 
and interferon inducers, lymphokines, cytokines and growth factors, thymic 
factors, tumor antigens and modifiers of tumor antigen cell-surface compon
ents, antibodies directed against deleterious host substances and cells, anti
tumor antibodies, antitumor cells, and maturation and differentiation fac
tors. It is recognized that considerable research is underway in each of these 
areas, but a focused, coordinated approach by the NCI may result in the 
rapid acquisition of knowledge and a more rapid application of this infor
mation to the treatment of cancer. 

Since its inception and activation, the program has supported and stimu
lated a great deal of activity, aimed at defining the role of biological res
ponse modification in the treatment of malignant disease. We define and 
discuss in this chapter, some areas of ongoing activity in the study of bio
logical response modification, in many of which the BRMP has been 
involved to a greater or lesser degree, discussing the current status of this 
therapeutic approach, its current role in antitumor therapy and the potential 
for future development. 

ACTIVE SPECIFIC AND NONSPECIFIC IMMUNOTHERAPY 

The current era of immunotherapy began with the report in the late 
1960's of the clinical efficacy of BeG vaccination in prolonging the duration 
of response and survival of children with acute lymphatic leukemia [2J. 
Although these results could not be confirmed, early studies in adult 
patients with acute myelogenous leukemia also indicated similar benefits 
from BCG therapy [3-5]. While early reports from other prospectively ran
domized trials likewise indicated potential benefit, a review of the final 
reports from approximately 25 such studies performed during the 1970's 
indicated that nonspecific BeG therapy in patients with acute myelogenous 
leukemia does not improve the reponse rate and does not increase the dura
tion of response, but does appear to increase survival primarily by prolong
ing life following the first relapse [6]. The mechanisms of inducing pro
longed survival are not known. With perhaps two exceptions, a large num
ber of studies involving the systemic use of BeG and other nonspecific 
stimulants in patients with a variety of solid tumors have revealed no ther
apeutic benefit [7]. The exceptions are two controlled, randomized, but as 
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yet unconfirmed studies, one in patients with non-Hodgkin's lymphoma 
(NHL) and one in patients with ovarian carcinoma, which have demon
strated improvement in the survival of patients treated with chemoimmu
notherapy [8, 9]. Benefit from intralesional BCG therapy, however, has 
been reproducibly demonstrated in patients with melanoma [10-12]. Ap
proximately 50% of injected lesions will objectively respond and approxi
mately 20% of patients will show an additional simultaneous response in 
non-injected lesions. These' remote' responses have been noted in skin and 
lymph node lesions (most frequently in the region of the injected lesion) in 
patients with pre-existing delayed hypersensitivity. There has been little evi
dence indicating these patients have developed systemic tumor immunity 
by in vitro testing and no evidence of visceral disease response reported in 
these trials. 

The chemically-induced hepatocarcinoma of guinea pigs has been exten
sively studied in an attempt to understand and utilize this form of immu
notherapy. Using daily oral nitrosamine, hepatocarcinomas were induced in 
a number of strain 2 guinea pigs in the late 1960's by Rapp and Zbar [13]. 
Two of these tumors, line I and line 10, have been carried by serial passage 
in vivo in several laboratories in the country. Line I is a regressor tumor but 
following the intradermal or subcutaneous injection of 106 line 10 cells, 
palpable tumors and microscopic nodal invasion develop within 7 -14 days. 
Extensive local invasion follows and the animal dies in about 60 days with 
massive local tumor, regional node metastases and multiple small pulmon
ary metastases. LV. injection of tumor cells (experimental metastases) 
causes death in 1-2 months from extensive pulmonary metastases. Utilizing 
vaccines composed of various combinations of BCG organisms, compon
ents (extracts) of BCG or other bacteria, live and irradiated tumor cells and 
mineral oil, Zbar, Rapp and colleagues have, in a series of experiments, 
induced tumor regression and permanent specific tumor immunity in ani
mals with various stages of disease, providing the original tumor burden is 
not overwhelming [14-18]. 

Ribi and his associates have performed a series of studies with the objec
tive of identifying the active ingredients in BCG necessary for the adjuvant 
effect [19-23]. Following fractionation of the organism and its cell wall, two 
components, P3 (trehalose dimycolate), a disaccharide esterified with two 
long-chain fatty acids, and the cell wall skeleton (CWS), composed primarily 
of polymeric polysaccharide mucopeptide complexes, also esterified with a 
90-cabon chain mycolic acid, were identified as essential. Both of these 
substances act as adjuvants in the induction of delayed hypersensitivity and 
cell-mediated immunity. When injected together intralesionally, they induce 
regression of injected lesions and the development of specific systemic 
tumor immunity. CWS alone will lead to the regression of lesions but its 
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activity is synergistically enhanced by the addition of P3, which is inactive 
alone. These agents must be mixed with mineral oil for maximum effect. 
Phenol extracts of a number of agents including BCG, a variety of salmon
ella, and E. coli, when added to P3 and mineral oil have equivalent activity 
to CWS+P3 in oil. The active component of these phenol extracts is mura
my 1 dipeptide (MDP). Various combinations ofMDP, endotoxin, CWS, and 
P3 in combination with mineral oil have all proven to be reasonably effi
cacious. Attempts are now underway to further define and synthesize the 
ingredients in order to produce a product that will be a pure, reproducibly 
effective pharmaceutical. Preliminary phase I clinical trials using CWS, P3, 
and oil combinations have been instituted [24, 25]. While an occasional 
tumor regression has been seen in patients with melanoma and renal cell 
carcinoma in these trials, the specific immunologic effect(s) involved is unk
nown and a great deal has yet to be learned about the effects of these various 
agents on specific immunological function before the rational manipUlation 
of the host-tumor environment can be initiated. 

Hanna and his colleagues have performed a series of studies with the line 
10 tumor, identifying a number of factors important to the understanding 
and use of active specific immunotherapy [26-29J. Using live BCG and 
irradiated tumor cells, they have investigated a number of factors involved 
including the source of BCG, the dose of the two agents, the ratio between 
them, the amount of radiation, and the tumor burden of the animal. Per
haps the most significant aspect of their early studies was the demonstration 
that persistence of viable tumor cells for several days following vaccination 
was required for the development of specific tumor immunity. They studied 
the histologic events occurring post vaccination, demonstrating an initial 
acute inflammatory response followed, in 4 to 7 days by a chronic inflam
matory response. The bacterial components were necessary for the chronic 
phase and tumor cell viability had to persist into this phase in order to 
induce systemic tumor-specific immunity. BCG and tumor cells act syner
gistically, leading to a greater than additive stimulation of inflammatory 
cells [30 - 31]. By electron microscopy, the significant role played by the 
macrophage in the development of tumor-specific immunity in this phase 
has been identified [32, 33]. Most recently, following the injection of tumor 
cells i. v., they have demonstrated, both morphologically and by improved 
survival, the therapeutic effect of intradermal vaccination on pulmonary 
metastases, i.e. vaccination induces morphologic dissociation and dissolu
tion by a reaction histologically comparable to a delayed hypersensitivity 
reaction [34J. Significantly, these animals have moderate tumor burdens 
with macroscopic and microscopic tumor in the lungs prior to the initiation 
of therapy, rejecting the dogma that immunotherapy can only work with 106 

cells or less. Further, the beneficial effect of cytotoxic therapy (cycIophos-
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phamide) is enhanced by preceeding its use with a series of vaccinations. 
Presumably, the vaccinations induce a breakdown of anatomic barriers, 
allowing access of the cytotoxic agent to the tumor cells [35]. This approach, 
vaccination followed by cytotoxic chemotherapy, is now being tested in the 
clinic following colon resection in patients with Duke's B, C, and D lesions. 
Other studies utilizing the line I and line 10 system have also demonstrated 
a nonspecific effect of the immune response on the anatomical structure of 
the tumor leading to tumor regression and specific tumor immunity [36]. 
The ability of the inflammatory system to break into anatomic barriers, 
providing access to tumor cells for potential therapeutic approaches, war
rants further study and exploration. 

Other studies, using murine syngeneic tumor systems, have demonstrated 
the induction of tumor specific immunity, mediated by a population of 
cytolytic T cells, following vaccination with a tumor cell-C. parvum mix
ture [37]. The effect of tumor-specific immunosuppression associated with 
an increasing tumor cell burden was also demonstrated in this system. It 
would appear quite likely that with further studies and further dissection of 
the effects of non-specific augmentation and with the identification of spe
cific bacterial and/or tumor components which have either immuno
enhancing or immunosuppressing capabilities, rationale for the use of these 
materials may be developed. 

INTERFERON 

The interferons are a family of glycoproteins produced by a number of 
cells of different origin. Type I alpha and beta interferons, produced respec
tively by induced leukocytes and fibroblasts, show about 30% homology of 
amino acids [38]. Type 2 gamma interferon, produced by lymphocytes in 
response to antigenic or mitogenic stimulation, differs significantly in amino 
acid composition [39]. The interferons were initially thought to have only 
antiviral activity but multiple other functions, previously thought related to 
impurities in the preparations, have now been documented as effects of 
interferon itself[40]. Documentation of these multiple functions as defini
tive interferon effects is now possible as highly purified products become 
available for study and for use in the clinic. In addition to antiviral activity, 
the interferons have profound effects on the immune system. Relatively, 
low doses will enhance antibody formation and lymphocyte blastogenesis 
while higher doses will inhibit both of these functions and inhibit delayed 
hypersensitivity while enhancing macrophage phagocytosis and cytotoxicity, 
sensitized lymphocyte cytotoxicity, NK activity, and surface antigen expres
sion [41]. Interferons also prolong and inhibit cell division, having this 
effect on almost every cell system studied, whether transformed or not [42]. 
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In addition, interferons result in the induction of several intracellular 
enzyme systems with resultant profound effect on macromolecular activities 
and protein synthesis [42]. All of these functions have been documented in 
murine systems but a thorough dose-response effect for many of the above 
cellular activities has not been thoroughly investigated in either mouse or 
man. Most of the work to date has been done with alpha interferons. It 
would appear that beta and gamma may have similar effects on many sys
tems, but relative potency may vary. 

Animal tumor models 
In a series of experiments, beginning with studies on the effects of inter

ferons on oncogenic virus multiplication, a significant antitumor effect of 
interferon in many animal models has been demonstrated [43]. When ad
ministered prior and immediately subsequent to the inoculation of several 
oncogenic viruses, including the Friend and Rauscher viruses, interferon can 
both delay the onset and decrease the incidence of subsequent tu
mors [44, 45]. Additional studies involving the Friend leukemia virus led to 
the observation that interferon can effectively inhibit the growth of trans
plantable tumors and subsequent studies have demonstrated a significant 
slowing of growth in the Lewis lung and the B16 and Cloudman melanoma 
models [46 - 48]. In the Lewis lung system, the incidence of pulmonary 
metastases from subcutaneous implants is decreased. Additionally, interfe
ron administered prophylactically to mice genetically susceptable to the 
spontaneous development of either lymphoma or mammary carcinoma, will 
both decrease the incidence and prolong overall survival [49, 50]. It will 
also prolong survival in the AKR lymphoma model if begun at the time of 
diagnosis. In this system it is as effective in prolonging survival as any of 
the cytotoxic chemotherapeutic agents [51]. In only one confirmed instance, 
however, has interferon been demonstrated to lead to an objective regres
sion in palpable or objectively measurable tumors [52]. Thus, these murine 
systems suggest that interferon (primarily alpha has been studied) will inhi
bit or slow the growth of palpable tumors and delay or prevent the onset of 
clinically overt tumors or metastases. The effect of tumor burden on the 
efficacy of interferon is significant in that interferon is less effective with 
larger tumor burdens. 

One mechanism of anti-tumor action is almost certainly interferon's anti
proliferative effect. Interferon prolongs the cell cycle and inhibits cell mul
tiplication by increasing various phases (differing in different systems) ofthe 
cell cycle [41]. The second mechanism of anti-tumor action may be through 
the profound effects that the interferons have on the immune system. It was 
demonstrated early in the 1970's by Gresser and his colleagues, that L 121 0 
cells, resistant to interferon's antiproliferative effect in vitro, were inhibited 
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from growing in vivo, indicating the presence of an intermediary or host 
effector cell mechanism [53]. This led to the subsequent demonstration of a 
profound effect on various components of the immune system and on cell 
membrane antigenicity. Thus, when administered in the proper dose and 
schedule, interferons will both increase the expression of surface membrane 
antigenicity and enhance the effect of various components of the host 
immune system, providing the potential for cytolysis and tumor regres
sion [54J. While such a cytolytic effect has not been demonstrated in ani
mals with relatively large established burdens, it is presumably the mechan
ism involved in the prevention of the development of overt pulmonary 
metastases from a transplanted subcutaneous primary in the Lewis lung 
carcinoma system. The specific effector cells or components of the immune 
system responsible have not been identified. It is quite probably that there 
may be a significant dose-response effect on many of these various func
tions. It will be of import and interest to dissect out these various possibil
ities in one or more of the murine systems. Such attempts are underway 
currently in a variety of human tumor situations. 

Human trials 
A number of trials during the 1970's using crude alpha interferon prepa

rations obtained from the buffy coats of blood donated to the Red Cross 
demonstrated an antitumor effect in a variety of human tumors. These stu
dies, performed initially in Scandinavia and subsequently also in the United 
States, the latter under sponsorship by the American Cancer Society (ACS), 
utilized a process of obtaining interferon developed by Cantell. Phase II 
trials in patients with either multiple myeloma or ovarian carcinoma, using 
an empirically derived dose of between 3 and 9 million units i.m. daily, 
demonstrated a relatively high degree of antitumor effect in myeloma and a 
relatively low effect in ovarian carcinoma [55, 56]. An antitumor effect was 
demonstrable in over 50 % of patients with myeloma manifested by both a 
decrease in myeloma protein and in tumor cell burden in the marrow. This 
degree of effectiveness has subsequently been confirmed [57J. The incidence 
of antitumor effect in patients with far advanced ovarian carcinoma has 
been noted to be significantly less. In two series, two responses were noted 
out of 20 patients treated [56, 58]. In a non-randomized trial involving a 
small number of patients evaluating interferon as adjuvant therapy follow
ing surgery for osteogenic sarcoma, prolongation of survival and delay of 
recurrence have been demonstrated [59]. Although a potentially important 
lead, this trial can not be utilized as evidence for the adjuvant effectiveness 
of interferon in patients with osteosarcoma because of the small number of 
patients and lack of randomized controls. It will be important to evaluate 
the effect of interferon in this disease in a large controlled adjuvant osteo-
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sarcoma trial. The initial report of an antitumor effect in previously heavily 
treated patients with metastatic breast carcinoma has been recently con
firmed in patients having received no prior chemotherapy [58,60]. In this 
latter ACS sponsored study, previously untreated patients with metastatic 
breast cancer were treated with 3 to 9 million units of Cantell alpha inter
feron daily i.m. [60]. Objective tumor regressions were primarily seen in 
patients with local recurrence but an occasional regression was also noted in 
patients with visceral metastases. The initial reports by Merigan et al. 
demonstrating a tumoricidal effect of Cantell alpha interferon in patients 
with non-Hodgkin's lymphoma, primarily those with nodular poorly differ
entiated lymphoma, have also been confirmed in subsequent stu
dies [58, 61,62]. Thus, it would appear that this very impure product, 
obtained from viraily stimulated buffy coat cells and administered in doses 
of 3 to 9 million units i.m. daily, will induce regressions in patients with B 
cell tumors, breast carcinoma, and rarely in ovarian carcinoma. The me
chanism of action for its effect is not clear. 

Attempts to develop a more highly purified and less costly product have 
led to the production of an extracted material harvested from lymphoblas
toid cells grown in culture and of products obtained from recombinant 
DNA techniques. The Namalwa cell line, originally obtained from a child 
with Burkitt's lymphoma and containing the Epstein virus genome, pro
duces an alpha-beta interferon mixture when stimulated with the Sendai 
virus. The supernatant material obtained from these stimulated cultures, 
following several purification steps, yields a highly purified (85 %) alpha 
interferon pharmaceutical product. When assayed and compared to a refer
ence standard, I to 2 X 108 units of antiviral activity are demonstrable per 
milligram of protein (compared to 0.1 x 106 units of activity/mg protein for 
material obtained by the Cantell process) (63,64]. This product consists of 
two protein peaks by Sephadex G75 on chromatography, each with four 
bands of interferon activity by SDS polyacrylamide gel electropheresis. 
Molecular weights range from 17,500 to 22,000. Since at least 12 molecular 
species have been demonstrated in alpha interferon, this lymphoblastoid 
material contains over half of the known species. The relative importance of 
these various species, singly or in combination, in inducing various interfe
ron effects on cellular systems or tumor cells has not been clarified. 

Using recombinant DNA techniques some of these molecular species, as 
well as various hybrids, have been cloned and significant amounts of var
ious molecular species of alpha interferon produced [65, 66). Studies defin
ing their effects are underway. One of these recombinant molecular species, 
alpha-2, has been formulated into a pharmaceutical preparation of greater 
than 95 % by two pharmaceutical companies and is undergoing extensive 
phase I and phase II trials. 
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The BRMP inteiferon program 
The BRMP has devoted a large amount of its initial time, effort, and 

resources to the development and study of the interferons [1]. Phase I trials, 
to obtain both classic phase I data on the maximum tolerated dose (MTD) 
and the maximum biologically response modifying dose (MBRMD), were 
initiated. Patients were observed for tumor response and toxicity during 
these studies. Six trials, three evaluating two different products obtained by 
the Cantell process and three, evaluating the relatively pure lymphoblastoid 
(Namalwa cell) product, have been performed. 

The three trials involving the two products obtained by the Cantcll pro
cess evaluated three different dose schedules; a single dose administered 
i.m., in which dose escalations were performed in different groups of 
patients [67, 68] a dose administered i.m. daily for 28 days [69], again in 
which dose escalations were performed in separate groups of patients and a 
daily dose administered indefinitely until either significant toxicity or tumor 
progression occurred [70]. Escalations were performed in this latter study in 
each patient every three weeks. In the two studies utilizing the daily i.m. 
dose, an MTD of between 18 to 24 million units per m2 was established. 
Fever and chills occurred in nearly all patients at all dose levels but were 
tolerable. Some degree of tachyphylaxis was noted. The dose-limiting toxic
ity in each study was severe fatigue, anorexia, and weight loss and patients 
ultimately refused to continue the agent. A mild degree of both hepatic 
toxicity, manifested by subclinical elevations of SGOT, and myelosuppres
sion manifested by subclinical depression of neutrophil and lymphocyte 
counts occurred. The study evaluating a single i.m. dose noted that doses as 
high as 60 million units/m2 were tolerated without significant difficulty oth
er than mild fatigue, and anorexia. Fever and chills were noted but in no 
instance was this intolerable. Doses higher than 60 million units per m2 

were difficult because of formulation difficulties. 
Regarding the MBRMD, data is currently incomplete but several trends 

are apparent. A single i.~. dose of 60 million units/m 2 demonstrated a 
consistent decrease in NK and ADCC activity at 24 hours followed by an 
increase at 48 hours and a return to baseline at 72 hours. When a dose of 60 
million units/m2 was administered weekly for 5 weeks, a decrease of cyto
toxic activity over time was apparent [71]. In the two studies in which the 
Cantell alpha interferon was administered daily i.m., a decrease in NK 
activity over time with increasing dose was also observed. No effect on 
lymphocyte subpopulation numbers was observed at doses between I and 
50 million units daily i.m., but an increase in the expression of beta-2 
microglobulin surface antigen was observed with an increasing expression 
seen at the higher doses through 36 million units i.m. daily [69). Data on 
monocyte function are still incomplete. 
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No objective partial or complete tumor responses were seen in any of 
these three studies. A total of approximately 80 patients, all of whom were 
in reasonably good physical shape and had been previously treated with 
cytotoxic agents, were entered in these three trials. Minor responses, i.e., 
objective tumor shrinkage although not greater than 50%, were seen in three 
patients with breast carcinoma, melanoma and NHL (DPDL). The res
ponses noted in patients with breast carcinoma were observed in those with 
cutaneous disease. Both responses observed in patients with renal cell car
cinoma occurred in pulmonary nodules. 

In summary, this series of studies has established that the MTD for these 
Cantell alpha interferons, administered daily i.m., is between 18 and 24 
million units per m2 per day, the dose-limiting toxicity is fatigue and weight 
loss, single doses as high as 60 million units/m2 will decrease NK and 
ADCC activity at 24 hours, followed by a peak at 48 to 72 hours, and 
cumulatively administered weekly doses will again lead to a decrease in 
both NK and ADCC activity over 3 to 4 weeks. No consistently demonstr
able immune effect was observed at lower doses. Surface antigenic determi
nants may be increased by increasing doses while no significant quantitative 
effect on lymphocyte subpopulations was noted. Minor tumor responses 
were observed. 

Three Phase I studies were performed using the relatively pure product 
obtained from the lymphoblastoid cell line. One study utilized a two times a 
day dose scheme, administering the agent on a per-square-meter basis i.m. 
for 7 days [72}. Escalations were performed in separate groups of patients. A 
second schedule administered the agent in a single dose following which 
functional and pharmacokinetic studies were done over a 14 day per
iod [73, 74]. This was then followed by a three times a week schedule for 5 
weeks. Escalations again were in different groups of patients. The third stu
dy administered the agent intravenously, daily for 5 days using a 6-hour 
infusion [75}. In this study, weekly escalations of 0.1, I, 10, 30, 50 million 
units (Mu) were performed in each patient over a 5-week period. An MTD 
of30 Mu/m2 two times daily (bid) for 7 days, of30-50 Mu (total dose) daily 
i.v. for 5 days (following cumulative increases) and 15 Mu/m 2 t.i.w. for 5 
weeks were established. As with the Cantell product the subjective criteria 
of fatigue, anorexia, and weight loss were dose-limiting factors. At dose 
levels of 30 to 50 Mu, objective toxicities of thrombocytopenia, leukopenia, 
and increased SGOT levels were noted and also became dose limiting. 
There was one possible therapy related death in a patient receiving 50 
megaunits/m2 bj.d. in which GI bleeding developed in association with 
thrombocytopenia [72]. Although the bleeding was controlled with transfu
sions of platelets and red cells, the patient died suddenly in her sleep 48 
hours subsequent to the discontinuation of interferon and the control of GI 
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bleeding. Seventy-eight patients were entered on these three trials, 40 on the 
i. v. trial, 32 on the b.i.d. schedule, and 17 on the t.i.w. trial. 

Biologic effects on NK activity, lymphocyte counts, monocyte activity, 
and bone marrow function were all investigated. In the study in which a 
single dose was administered followed by a 2-week rest, an increase in NK 
activity was seen at the end of the first week of treatment at essentially all 
doses (l to 15 Mu/m2) [76}. Initially, 12 to 24 hours following the dose, a 
decrease in NK activity occurred followed by rebound 72 hours post treat
ment. This increase was then sustained for 2 to 3 days. Cumulative higher 
doses, administered on a t.i.w. schedule induced decreased levels of activity. 
No effect on a variety of monocyte functions was noted but neither cyto
toxicity nor cytostatic functions were evaluated by these investigators. Stu
dies involving blood counts and marrow function both in vivo and in vitro 
indicate that increasing single doses of the agent decrease polymorphonu
clear counts in vivo and have an inhibiting effect in vitro on both granulo
poiesis and erythropoiesis. In vitro data from both the IV and the bj.d. 
studies are currently incomplete. 

Objective partial responses were noted in one patient with melanoma, one 
patient with renal cell carcinoma, two patients with NHL (NPDL, DH), one 
patient with Hodgkin's disease and one patient with undifferentiated carci
noma. Of interest is the fact that approximately 15 patients with breast 
carcinoma were studied and no responses were seen. No dose-response 
effect correlating with objective response could be discerned. 

In summary, it would appear that a maximally tolerable dose of approx
imately 30 Mu/m2 administered daily i.v. or b.i.d. i.m. over a short period 
of time (5-7 days) and a dose of 15 Mu/m 2 administered three times a week 
over a longer period of time are the maximal clinically tolerable doses. 
Further, data would suggest that cumulative higher doses of 15-30 Mu/m 2 

will decrease NK activity and bone marrow function, i.e., cell proliferation. 
Infrequently administered lower doses tend to increase NK activity and 
have virtually no effect on marrow function, i.e., cell proliferation, either in 
vivo or in vitro. Thus, it appears possible that a dose-response effect vis-a-vis 
tumor response and the mechanism responsible for such a response can be 
dissected out in phase II studies. Such studies, in which both high doses, in 
the range of 15-30 Mu/m 2 administered frequently for several weeks and 
low doses, 0.5 to 3 Mu/m2 administered infrequently over the same period 
of time to patients with potentially responsive tumors are underway under 
sponsorship by the BRMP in conjunction with Burroughs-Wellcome. These 
studies, initiated in the fall of 1982, should provide interesting data within 
the next 12 to 18 months. 
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Recombinant interferons 
Materials containing single molecular species of alpha interferon have 

been produced by recombinant genetic techniques. These are non-glycosy
lated protein molecules which, by definition are highly purified (98 %) and 
have approximately 2 - 4 x 108 units of interferon activity per milligram of 
protein [65]. It will be of interest to compare the clinical, biological and 
toxic effects of these single molecular species to the relatively pure Iympho
blastoid product, containing eight molecular species, and the relatively 
impure Cantell products, presumably containing all molecular species. It is, 
of course, quite possible and conceivable that different toxic, biological and 
therapeutic effects reside in these different molecular species. The pharma
ceutically available alpha-2 product has been studied in a large number of 
phase I and phase II trials supported by each of two pharmaceutical 
houses [77 -80]. These two recombinant products differ from each other by 
only 1 amino acid. Completed phase I trials indicate that toxicity is similar 
to both the Cantell and lymphoblastoid products in that fever, chills, anor
exia, and weight loss are the dominant dose-limiting toxicities. However, 
doses exceeding 100 Mu have been administered before dose-limiting toxi
cities are seen [77, 78]. This has been true for either the single dose or 
cumulative dose schedules. Transaminase increases and marrow suppres
sion are also noted at doses around 130-150 Mu. Phase I trials have utilized 
both i.m. and i.v. dose schedules. Responses have been seen primarily in 
patients with myeloma and nodular poorly differentiated lymphoma. Other 
scattered responses have been seen in a variety of other tumors. In the study 
performed by the BRMP intramural program, all dose levels were asso
ciated with an increased ability of patients' monocytes to inhibit cell 
growth [81]. Over 85 % of analyses, at all dose levels, have demonstrated an 
increase in monocyte cytostatic activity. Coincidentally, increasing doses of 
the agent have led to decreased NK activity in about 30% of patients with 
no change demonstrable in the other 70 %. Thus, this study would suggest 
that increasing doses may have a dual inhibitory effect on cell proliferation, 
directly as demonstrated by marrow suppression and indirectly through 
monocyte activity. More studies, evaluating correlations between anti
tumor responses, monocyte cytotoxicity and/or cytostasis, NK activity and 
anti proliferative effects are needed. 

A large number of phase II trials are underway with these two agents, but 
the data at the present time is unavailable. One completed phase II trial, in 
patients with metastatic breast carcinoma, previously heavily treated, has 
revealed no responses in 19 patients [82]. At least half of these patients had 
cutaneous and osseous lesions without visceral involvement. There has been 
only one objective response to the recombinant products of 43 patients with 
breast cancer entered on phase I or II trials [77, 78, 80, 82]. The lack of 
responses in patients with breast cancer receiving either the Iymphoblastoid 
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or recombinant products is of interest in light of the earlier reports demon
strating responses with Cantell material. The explanation for this may lie 
either in the relative impurity of the Cantell material or in the evaluation 
and selection of patients. 

The three alpha interferon products available for clinical trials - the im
pure Cantell, the relatively pure lymphoblastoid, and the highly pure recom
binant - have all demonstrated objective tumor responses in patients with a 
variety of lymphomas and solid tumors. They have demonstrated similar 
clinical toxicities, albeit at different dose levels and have all demonstrated 
biological effect. There is a strong suggestion that higher and cumulative 
doses of these products will decrease NK activity, will have cell prolifera
tion inhibitory activity and may increase monocyte cytostatic activity. 
Further analyses of both phase I and phase II data using both high and low 
dose levels, should provide insight regarding the relationship between a spe
cific antitumor effect and an associated biological effect. 

Beta and gamma interferon 
These two interferons have been unavailable in large enough quantities 

for extensive clinical testing. A very few trials have been performed using a 
beta interferon developed at Roswell Park. A phase I trial, sponsored by the 
ACS, has established an MTD of 10 Mulm2 [83] and a very few phase 11 
trials, also sponsored by the ACS, are currently being conducted. Attempts 
to produce this material on a large scale have been fraught with technical 
problems and BRMP-sponsored trials evaluating beta interferon await con
tinued efforts to develop this agent in greater quantities. It is quite problable 
that the agent may be available for limited phase I and phase II trials 
shortly. Gamma interferon is soon to become available in large quantities. 
An extracted material is currently undergoing a phase I trial at two cent
ers [84, 85]. Phase I and Phase II trials using recom binant beta and gamma 
products should be underway in 1983. Trials with these agents will be of 
interest to determine whether quantitative differences in biological and cell 
inhibitory effects, as suggested from animal studies, are observed. 

INTERFERON INDUCERS 

In an effort to overcome the significant problems of cost and limited 
availability of clinicaJJy usable interferon, an effort was mounted to define, 
isolate, and purify a number of interferon inducers. Several different agents 
capable of inducing interferon have been identified but by far the most 
effective non viral interferon inducers have been the double-stranded ribo
nucleic acids [86]. Polyriboinosinic:polyribocytidylic acid (Poly I:C) has 
proven to be the most effective synthetic double-stranded RNA in murine 
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systems but this agent was found to be almost totally ineffective as an 
interferon inducer in primates in vivo due to the fact that primate serum 
contains a relatively high concentration of nucleolytic enzymes that hydro
lyze and inactivate poly 1: C. Levy et al. demonstrated that by initially 
forming a hydrophilic complex between poly-L-Iysine and carboxymethyl
cellulose and then combining this with poly r: C, a compound Poly ICLC, 
soluble in saline and partially resistant to hydrolysis by enzymatic action, 
was formed [87]. This compound is a potent inducer of interferon in pri
mates, achieving levels of up to 2000 units/ml in monkeys and chimpan
zees [88]. Poly IC has been evaluated in several animal tumor systems. It 
will prolong survival in over 15 animal tumor systems but has achieved 
cures in only one of these [86]. It is much more effective in relatively slow
growing solid tumors such as sarcomas than it is in the rapidly growing 
leukemias. Poly ICLC has not been extensively tested in animal systems. 

A number of phase I trials with Poly ICLC have been performed in 
humans [89-93]. It has been administered as a single daily (for 3 to 14 
days) dose schedule, in a three times a week schedule [86], and on a weekly 
basis [94]. All of these administrations have been by 30 minute intravenous 
infusions. Toxicity, in doses over 6 mg/m 2, has been significant, with fever, 
rigors, lymphopenia, nausea, and most significantly hypotension being ob
served. The agent, at doses of 2-5 mg/m 2 induces some degree of fever, 
lymphopenia, and elevated transaminase levels, but these side effects are 
tolerable. At these lower dose levels, peak serum levels of interferon of 15-
100 units/ml occur 4-24 hours after the injection. When administered daily 
for several days, some degree of hyporesponsiveness occurs. The interferon 
induced appears to be alpha interferon. Antitumor responses seen in these 
phase I trials have included one objective response (a CR) in a child with 
acute lymphatic leukemia and minor responses in patients with acute leu
kemia, renal cell carcinoma, and chronic lymphatic leukemia. In phase II 
trials, some responses have also been observed in patients with myelo
ma [91]. In a large-scale phase II trial in children with refractory acute 
lymphatic leukemia, antileukemic effects were seen, i.e., significant decrease 
in the peripheral blood and bone marrow leukemic cell population, but 
objective responses did not occur [95]. A current ongoing phase I trial com
paring the biological effects of intramuscular versus intravenous poly ICLC 
has demonstrated that intramuscular administration will lead to an increase 
in NK cell activity but without achieving demonstrable serum interferon 
levels. The agent administered i.m. is relatively well tolerated in doses up to 
4 mg/m2 [96]. 

The future of the interferon inducers and poly ICLC specificalJy would 
seem to be dependent upon the results of the interferon trials. Should the 
recombinant or lymphoblastoid interferon products prove to be effective, 
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reasonably well tolerated, not imparicd by anti-interferon antibody produc
tion, and available at a reasonable cost, it seems probable that there would 
be little need for an agent such as poly ICLC. In the meantime it would be 
reasonable to perform phase II studies in potentially responsive tumors (i.e. 
myeloma, renal cell, melanoma) to evaluate its potential effect. 

THYMOSIN 

During the past few years, the thymus gland has been recognized as a 
functioning endocrine organ producing factors which playa dominant role 
in the maturation of the T cell population and maintenance of immune 
balance [97]. A number of recent studies have demonstrated both an in vivo 
and in vitro immune restorative effect in immunodeficient children [98-
10 1]. Further, two studies have demonstrated both an in vitro and in vivo 
stimulating effect of thymosin on T cell function in patients with malignan
cy [102 -104]. The latter demonstrated an increase in skin test reactivity and 
in the number of E rosette positive cells in patients with far advanced mal
ignancy and depressed T cell function, following a weekly injection of thy
mosin fraction 5 [103]. Additionally, at least two prospectively randomized 
clinical studies in patients with malignancy have demonstrated an improved 
disease-free interval and survival [105, 106]. In one, patients with small cell 
carcinoma of the lung, receiving thymosin (fraction 5) in addition to che
motherapy, had an improved survival [105], while in the second, patients 
receiving thymosin (fraction 5) in addition to irradiation for squamous cell 
head and neck cancer had a prolonged disease-free interval [106]. An 
attempt to confirm and reproduce the results obtained in the small cell 
carcinoma of the lung study was unsuccessful, however. In a prospectively 
randomized trial involving patients with limited or extensive disease and 
treated with cytotoxic chemotherapy, no benefit was demonstrated in terms 
of response, duration of response or survival in those patients receiving 
thymosin [107]. In the cyclophosphamide-sensitive plasma cell tumor in 
mice, the addition of low doses of thymosin fraction 5 one week following a 
dose of cyclophosphamide demonstrated significantly improved survival 
when compared with cyclophosphamide administered alone or cyclophos
phamide plus thymosin administered in higher doses [108]. 

Two thymosin products are available for clinical study. Fraction 5, the 
material used in all the above cited studies, is extracted from the thymus 
gland of fetal calves and contains several polypeptides with molecular 
weights ranging from 1 to 15 thousand [1091. It is conceivable that both 
stimulatory and suppressive functions may reside in this mixture [108]. 
More recently, several pure fractions have been isolated and synthesized. 
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One of these, alpha-I, a polypeptide with lymphokine function several times 
more potent than fraction 5 is available as a pharmaceutical prepara
tion [109]. Six BRMP-sponsored phase I trials, four evaluating fraction 5 
and two evaluating alpha-I, have been performed. Fraction 5 was evaluated 
as a single dose [110], on a ti.w. schedule administered for two weeks [Ill], 
on a daily for 5 day schedule repeated weekly for 3 weeks [112], and in a 
daily for seven day schedule repeated monthly [113]. All administrations 
were either subcutaneous or intramuscular. Doses were escalated from 0.6 
to 960 mg/m 2, evaluating several dose levels in between. These studies have 
revealed this material to be non-toxic within this dose range with the excep
tion of a 10-15 % incidence of allergic reactions when administered daily for 
7 days every 4 weeks. All of these allergic reactions occurred in patients 
receiving either 480 or 960 mg/m 2, two were of the anaphylactoid type, and 
all six responded to appropriate therapy. Formulation difficulties prevented 
administering doses higher than 960 mg/m 2• Pharmaokinetic data revealed 
a peak alpha-l level 4 hours following administration. Serum levels up to 
12 ng/ml were noted, levels correlating with dose. Only doses above 
60 mg/m2 produced detectable serum levels. Biological studies evaluating 
quantitative T cell subsets, using both E-rosette and T cell differentiation 
antigen techniques revealed no changes in total lymphocyte, T cell levels or 
helper-suppressor cell ratios. Ia antigen determination, blastogenesis res
ponse (both MLC and mitogen stimulation) and delayed hypersensitivity 
(skin testing) likewise revealed little immunostimulatory or biologically res
ponse modifying effect. Antitumor responses (one a complete response) 
were seen in three patients with renal cell carcinoma [112]. All had pulmon
ary metastases and all received either 60 or 150 mg/m 2 daily for 5 days, 
repeated weekly for 3 weeks. 

Thus, thymosin fraction 5 is a relatively nontoxic agent although allergic 
phenomena may occur. No lymphocyte immunomodulatory capabilities 
were demonstrated in patients with widespread malignancy, all of whom 
had demonstrably depressed function prior to therapy. Its effect as an anti
tumor agent, either direct or indirect, in patients with clinically overt tumor 
burden appears to be nil in breast carcinoma (16 patients), lung carcinoma 
(33 patients) and melanoma (15 patients) although a variety of doses were 
used in this Phase I study. In patients with pulmonary metastases from 
renal cell carcinoma objective responses (mechanism unknown) may be 
anticipated. 

Thymosin alpha-l has been evaluated as a single dose i.m. [119] and on a 
daily for 7 day schedule every 4 weeks [113]. Doses ranged from 0.6 mg/m 2 

to 9.6 mg/m2• The agent is nontoxic at these dose levels. Again, higher doses 
could not be administered because of formulation problems. A biological 
response, evaluating the same T cell functions as in the studies with fraction 
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5, was not noted. Therapeutically, no responses were seen in over 40 
patients with overt tumor burdens. An additional study is evaluating the 
adjuvant use of alpha-l in patients following radiation therapy for Stage 
I-III non-oat cell lung cancer [114]. In this ongoing study in which two 
dose schedules - a twice a week administration and a daily dose for 14 days 
followed by twice a week maintenance, (all patients receiving 0.9 mg/m 2 per 
dose) are compared with a placebo, there is a suggestion that patients receiv
ing alpha-l have a prolonged disease-free interval. The data are preliminary, 
the numbers of patients small, and the follow-up time very short. However, 
based on the animal model study, therapeutic benefits may only be seen in 
patients with a low tumor burden. Additional evaluation in a larger study is 
warranted. 

These phase I studies have not been able to confirm the previously 
reported immunostimulatory capabilities of thymosin fraction 5 in patients 
with overt malignancy and depressed immune function. They have also not 
been able to demonstrate any immunorestorative or stimulatory function 
for the alpha-l fraction. Therapeutic benefits have been noted, however, 
and phase II or phase III trials, evaluating these agents in selected patients 
with limited tumor burdens, are indicated. 

MONOCLONAL ANTIBODY 

Previously, multiple trials using xenogeneic antitumor immune globulin 
have suggested a potential for therapeutic benefits for passive serothera
py[115J. The problems of obtaining large quantities of a relatively pure 
antitumor antibody, however, have significantly dampened enthusiasm for 
this approach. The development of the hybridoma technique for production 
of monoclonal antibody resulting in widely available murine monoclonal 
antibodies reactive to a large number of tumor-associated and differentia
tion antigens and the real potential of human-human hybridomas in the 
near future providing human monoclonal antibodies has generated signifi
cant interest in this field. 

At least three transplanted murine models, the AKR spontaneous lym
phoma, which transplants as a subcutaneous tumor followed by a leukemic 
phase, the spontaneous A strain leukemia and the chemically induced lym
phoma, have been used to evaluate the therapeutic use of murine mono
clonal antibody [116-118]. In each of these systems, an antibody against 
one of lh~ thymus differentiation antigens was used. In the study using the 
AKR system, both tumor and host were identical antigenicaHy while in the 
other two models, they differed by one allele. Both studies demonstrated 
similar principles: (1) that antibody therapy did have a definite antitumor 
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effect; (2) that there was a dose response demonstrable with a plateau effect 
being reached; (3) that the IgG2 subclass of antibodies was more effective 
than either other IgG subclasses or IgM antibody; and (4) that antibody, in 
order to be effective, had to be given relatively soon after the initial trans
plantation of the tumor. Specifically, a dose of tumor cells two logs higher 
than the 50% minimal lethal dose was administered and antibody therapy, 
to be effective (both cures and prolonged survival), had to be administered 
within 48 hours of tumor cell injection. Thus, these studies demonstrated 
that a pure, high titer, IgG2 allogeneic antibody, given at a time when the 
tumor burden is relatively small, can have a significant antitumor effect and 
will cure a significant number of animals. 

A number of preliminary studies in humans using a monoclonal antibody 
produced against T cell differentiation antigens have been performed. Sim
ilar antibodies, all produced in different laboratories but each recognizing a 
mature T cell differentiation antigen with a molecular weight of 65,000, 
have been produced [119-122]. T101, developed by Royston et aI., and 
Ll7F12, developed by Levy et aI., both IgG2 antibodies, have each been 
administered to a small number of patients with either adult T cell ALL or 
one of the varieties of cutaneous T cell lymphoma [123-125]. These studies 
have revealed that murine antibodies, when administered in a dose under 
20 mg and by a relatively slow i.v. infusion, i.e., 60 to 120 minutes, do not 
induce significant acute toxicity and will induce an immediate, albeit very 
brief, antitumor effect. Antibody therapy leads to a rapid decrease in circu
lating leukemic cells (within 1-2 hours) followed by a rapid rebound to 
pretreatment levels within 24 hours. It has also been demonstrated that this 
antigen will modulate, that patients can tolerate multiple doses without sig
nificant toxicity, and that a host anti-mouse immune response may develop 
(in these immunodeficient patients) although infrequently. Such host anti
murine response has not been associated with significant clinical toxicity 
although it does appear to be associated with decreased antitumor effica
cy. 

The doses and the schedules used in these early exploratory trials have 
been rather arbitrarily and empirically chosen. The BRMP is supporting 
three phase I studies with TlOI antibody through a contract mechanism and 
a fourth phase I study, submitted in response to an RFA, using Leu-I anti
body. An intramural phase I dose escalating study with TlOI is also under
way. In addition to an organized dose escalation approach which will seek 
to determine a maximally tolerated dose based on clinical toxicity, these 
studies will determine the pharmacokinetics of murine antibody, tumor 
antigen and immune complexes in the circulation, evaluate the kinetics of 
antigenic modulation, evaluate the development of host anti-murine immu
nologic response, evaluate the effects and toxicity of multiple doses given in 



275 

a variety of schedules, ultimately evaluate the toxicity and the effects of a 
combination of several different murine anti-T cell antibodies and evaluate 
the toxicity and effect of these antibodies on normal T cell function. 

Studies in other hematologic malignancies are also underway. All B cells 
carry a unique idiotype immunoglobulin coating their cell surface. There
fore, all B cell malignancies of clonal origin carry a tumor marker, in this 
instance a tumor-specific antigen, perhaps the only pure example of a 
tumor-specific antigen [126, 127). This immunoglobulin, exposing the vari
able region of its F(ab) components, becomes an excellent target for tumor 
specific monoclonal antibody therapy. This unique idiotype is present on 
every malignant lymphoma cell and for all practical purposes, is not present 
on any other cell within that individual. Several investigators have exploited 
this fact, using polyclonal antibody in therapeutic studies in animal models. 
With the L2C (a B cell malignancy) guinea pig model, Stevenson et al. 
developed techniques for producing xenogeneic polyclonal anti-idiotype tu
mor specific antibody developed against the tumor specific idiotype [128J. 
They subsequently used these techniques for producing antibodies to CLL 
cells in man [129]. Recently, Lanier et aI., using the CHI and CH2 B cell 
lymphoma which developed spontaneously following antigenic stimulation, 
demonstrated significant antitumor effect (increased survival and cures) 
using a xenogeneic polyclonal anti-idiotype antibody raised in rabbits [130]. 
The following principles were demonstrated: (l) an IgG molecule (subclass 
unknown) was the effective isotype; (2) a dose response effect is demonstr
able but in this instance increasing the dose leads to the disappearance of 
therapeutic effect; (3) antibody therapy must be given with a relatively low 
tumor burden to be effective. 

In a human study parallelling these animal models, Miller and Levy pro
duced a murine monoclonal anti-idiotype antibody reactive against the 
tumor cells of a patient with a poorly differentiated diffuse lympho
ma [131]. This patient, treated with several doses of antibody, entered a 
complete remission which has continued unmaintained for over 12 months. 
There are significant technical problems inherent in the development and 
production of anti-idiotype monoclonal antibodies. Since it is both costly 
and time consuming [132], every patient with a B cell lymphoma will not be 
able to benefit from this approach at the present time. With further exper
ience, improvements in the technological approach can be anticipated. 

There is significantly less experience with monoclonal antibody in solid 
tumors of either animals or humans. No detailed effective studies have been 
done in any animal system although preliminary studies have been per
formed in the line 10 hepatocarcinoma guinea pig model [133 J. Koprowski 
et al., at the Wistar Institute, have developed several monoclonal antibodies 
reactive against human melanoma and colon tumor cells [134-136]. They 
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have demonstrated an antitumor effect with these antibodies in vitro using 
both an ADCC monocyte effector cell system and the clonogenic assay sys
tem. They have also demonstrated an antitumor effect in vivo using tumor 
transplants in nude mice and ex vivo using an explant system in which 
tumor and blood supply are removed en block and treated with monoclonal 
antibody administrated by pump [137). Therapeutically effective antibodies 
using all three assays (ADCC, clonogenic assay and nude mice systems) 
belong to the IgG2a class. They have demonstrated the need for presence of 
effector cells with Fc receptors (presumably macrophages) and an intact 
immunoglobulin molecule for effect in either the in vitro or in vivo sys
tems [138). This corroborates previously reported work with polyclonal 
antibody which indicated that both macrophages and IgG2a class antibody 
were needed for demonstrable antitumor effect [139). It also supports the 
effectiveness of IgG2 antibodies demonstrated in the various animal model 
systems. Preliminary experience with the in vivo intravenous administration 
of 17 -lA, an IgG2a murine monoclonal antibody which recognizes a tumor
associated antigen present on several human GI malignancies has been 
reported [140). An organized dose exploratory phase I trial with this anti
body is now underway. 

Several years ago an antigen was described which appeared to be common 
and specific to the acute lymphatic leukemic tumor cell of childhood [141]. 
It is now recognized that this antigen is a differentiation antigen of lympho
cytes, is present on the tumor cells of about 80 % of children with null cell 
ALL, is a member of a family of glycoprotein antigens and is also present on 
tumor cells in 40 % of patients with blast crises of CML and on tumor cells 
of about 10% of patients with T cell ALL tumors [142,143]. A murine 
monoclonal antibody, 15, reactive with CALLA (common acute lymphatic 
leukemia antigen) has been developed by the group at Sidney Farber Insti
tute and has been utilized in a small number of exploratory in vivo 
trials [144]. Findings similar to the studies of Royston et aL, and Levy et aI., 
using either TIOI or Leu-I, i.e., a brief antitumor response with a rapid 
decrease in circulating leukemic cells followed within 24 hours by a rapid 
return to pretreatment levels, the lack of significant toxicity, the ultimate 
development of an anti-mouse response by the host, and antigenic modula
tion, have all been demonstrated. This group has directed the second stage 
of their studies to evaluating the effect of monoclonal antibody treatment, in 
vitro, on samples of autologous bone marrow obtained subsequent to heavy 
doses of cytotoxic chemotherapy [145]. Using this IgG2 antibody, which is 
lytic in vitro with complement, they are attempting to remove all leukemic 
cells from the marrow samples prior to reinfusion. To date this approach 
has been tried in ten patients following initial relapse. All receive autologous 
marrow folh.ving reinduction, intensification and ablative cytotoxic chemo-
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therapy. Nine of these patients continue in un maintained complete response 
three to 23 months following treatment [146]. 

Future studies will exploit the ability to conjugate antibody to a variety of 
toxic substances. Although the techniques are difficult and require further 
refinement, both human and murine monoclonal antibodies may be conju
gated with a variety of potential toxic agents and administered either in vivo 
or in vitro for therapeutic effect. Thus, cytotoxic agents such as adriamycin 
and daunomycin, the toxic component from either the diphtheria or the 
ricin molecule, or radioisotopes may be prepared and conjugated to anti
bodies [147 -150]. Potentially a very interesting isotope to be conjugated 
and investigated is boron-10, an alpha emitter with a radiation range of 
about 10 microns [149]. In order for the toxic conjugates (other than the 
radioactive one) to be most effective, internalization, perhaps through antig
enic modulation of the toxic molecule, needs to occur. To date, this appears 
to be a fairly common occurrence. Antigen specific antibodies, other than 
IgG2a subclass, without inherent therapeutic efficacy, could be utilized as 
carriers for these toxic molecules. Preliminary trials with both in vitro and 
in vivo models are underway. 

The detrimental effect on host function and survival, caused by tumor
cell-specific suppressor cell activity (both macrophage and lymphocyte) in 
both animals and patients with malignancy has been well demonstrated in a 
number of circumstances [151-157]. A subset of T cells with suppressive 
and cytotoxic ability can be distinguished from helper cells by their distinct 
differentiation antigens. Both OKT 5 or T 8 in the system of differentiation T 
cell antibodies developed by Reinherz et al., and Leu 2A in the system 
developed by Evans et al., recognize suppressor T cells [157, 158]. The Leu 
2A antibody, an IgGI> is being used in an exploratory phase I dose escala
tion study sponsored by the BRMP. This study well define a tolerable and 
biologically effective dose, defined by the effect on suppressor cell function, 
with the ultimate goal of potentially administering such an antibody to 
depress specific antitumor-associated suppressor cell activity. 

The potential for monoclonal antibody therapy appears to be significant. 
The use of antibody in animal tumor models and in man has been recently 
reviewed and the results summarized [159, 160]. This approach appears to 
offer the best possibilities of tumor specific therapy for the next few 
years. 

LYMPHOKINES AND CYTOKINES 

Many of the biologicals which will be tested as BRMs are cell products of 
lymphocytes (lymphokines) or of cells in general (cytokines). The lympho-
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kines have a specific ability to regulate certain components of the immune 
response which may be useful in altering the growth and metastasis of ca,lC
er in man. There are early indications of the specific ability of lymphokines 
to alter immune responses in ways that may be beneficial in the host-tumor 
interaction. For example, it is possible that certain lymphokines may aug
ment the ability of T -cells to respond to tumor-associated antigens and oth
ers may induce higher responsiveness with respect to B-cell activity in canc
er patients. Additionally, lymphokines which decrease suppressive functions 
of the immune system may be useful in enhancing immune responses 
through a lessening of the suppressive effects of suppressive factors or sup
pressor cells in patients with cancer. Another specific use of lymphokines 
may be in the pharmacological regulation of tumors of the lymphoid sys
tem. While many of these tumors are considered to be unresponsive to 
normal growth controlling mechanisms mediated by lymphokines, it is pos
sible that large quantities of pure lymphokines administered pharmacologi
cally or the use of certain molecular analogues of these naturally occurring 
lymphokines may be useful in the treatment of lymphoid malignancies. A 
further use of lymphokines may be to manipulate the immune response in 
vitro to produce products which may subsequently be used therapeutically in 
vivo. 

Interleukin I (Ill), originally known as lymphocyte activating factor, is a 
macrophage derived cytokine, identified originally as a result of its non
specific enhancing effect on murine thymocyte proliferation [161]. It has 
subsequently been shown to enhance, in vitro, the production of anti sheep 
erythrocyte plaque forming cells and to enhance the generation of alloantig
en-specific cytotoxic T-cells [162,163]. Both III and viable macrophages 
are necessary for the initial step in the activation of specific T cells in the 
process of the in vivo production of effector T cells. 

IL-l, in its purest form, stimulates the production of interleukin 2 (lL-2), 
also known as T cell growth factor (TCGF) [164]. The assistance of macro
phages is also required in this step. IL-2 will stimulate and maintain in vitro, 
through several passages although not perpetually, the growth of T-cells 
once they are specifically activated by antigenic stimulation [165]. IL-2 is 
produced by nearly all malignant T cell lines in vitro and will, under appro
priate conditions, maintain growth of these cells indefinitely [166]. Recep
tors for IL-2 have been demonstrated on both activated and most malignant 
T -cell populations. An oncogenic virus, the human T-cell leukemia virus, 
has been recently described and isolated from patients with adult T-cell 
leukemia of Japan. This virus codes for the production of such a receptor, 
thereby providing the means by which these cells may proliferate indefin
itely [167]. 

Murine IL-l has been purified to homogeneity and human IL-l is being 
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purified [168, 169]. Human IL-2 also has been purified to homogeneity and 
anti IL-2 monoclonal antibodies have been produced [170, 171]. The avai
lability of these materials will provide the tools to more accurately and 
completely dissect out the control system for T-cell activation and provide 
means to obtain knowledge needed to intelligently manipulate the immune 
system in favor of the host. 

Pharmacologic doses of these lymphokines can conceivably be utilized to 
alter the maturation and kinetic capabilities of various T-cell malignancies. 
Further, by selective activation and subsequent cloning in vitro, T-cells lines 
with specific cytotoxic capabilities can be obtained and utilized in autolo
gous or allogeneic adoptive immunotherapy. (See Fe fer, A. - this volume.) 

The role of and place for many other cytokines is currently undergoing 
extensive investigation. At least four subclasses of colony stimulating factors 
exist, one of which stimulates macrophage production exclusively [172]. 
Interleukin-3 has recently been described and appears to have a role in a 
very early stage of T-cell differentiation and in the differentiation of T
helper cells [173]. T-cell replacing factor appears to influence the terminal 
differentiation of the proliferating B-cells into antibody secreting cells [174]. 
Using an antigenically defined subset of murine splenic B lymphocytes, 
representing 50 % of the mature B cell pool, aT-cell derived factor desig
nated B-cell growth factor, has been described which fulfills partially the 
requirements for DNA synthesis [175]. 

Further refinement, definition, and purification are needed before any of 
these factors are ready for use in the manipulation in vitro or in vivo of the 
immune system in man. IL-J, IL-2, CSF and macrophage activating factor 
(MAF) would appear to be the closest to entering clinical trials. At a recent 
retreat held in Frederick in August, 1982, a panel of BRMP consultants 
discussed approaches needed in this area to promote the development of in 
vivo Iymphokine use. There was general agreement for the need to develop 
quality controlled standards for specific lymphokine preparations, similar to 
the interferon standards now available through the auspices of the NIAID. 
Appropriate and standard bioassays also need to be defined so that generally 
agreed upon measures of activity for specific preparations are available. 
Once these are in place and available, clinical trials utilizing preparations of 
defined activity and high purity can be undertaken. A limited number of 
clinical trials using crude materials containing a variety of lymphokines 
have been performed [176, 177]. While these are of interest, further trials 
await the availability of relatively pure material. 
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IMMUNOMODULATORS - CHEMICAL OR MICROBIAL 

During the past year several immunomodulating agents have been intro
duced into a BRMP screen designed to evaluate therapeutic potential and to 
make correlations with specific immunologic functions. This group of bio
logic response modifiers represents a heterogeneous group of agents that 
may either stimulate immune reactivity in an immunodepressed host or 
alternatively increase defense mechanisms above the normal levels of im
mune reactivity. Many of these agents have been isolated from viruses, 
bacteria and fungi. In some cases immunomodulating agents consist of 
crude extracts while others are chemically well defined. 

The BRMP and the Cancer Treatment and Metastasis Laboratory of the 
Frederick Cancer Research Facility have conjointly established an in vitro 
and in vivo screen in order to evaluate agents prior to their use in the 
clinic [178]. This screen is and will be undergoing evolutionary changes in 
the future but currently evaluates the effects of agents on T cell, B cell, NK 
cell and macrophage function in vitro following in vivo or in vitro stimula
tion and also on several in vivo tumor systems designed to study the effects 
on both development of metastases, presence of suppressor cells, and over
all survival. To date, MVE-2, azimexon and MDP have completed their 
evaluations and either have or will shortly undergo clinical testing. Tuftsin, 
NED-137, Lentinan and Picibanil have each recently entered the screen. 

MVE-2 
MVE-2 is a divinylether-maleic anhydride copolymer with a molecular 

weight of 15,500. Several MVE polymers have been examined for biological 
activity and toxicity [179-184]. The lower molecular weight fractions are 
less toxic and have been reported to activate macrophages for tumor cyto
toxicity in vitro and for antitumor activity in vivo. MVE-2 has been studied 
for primary in vivo antitumor activity in several animal models and has 
shown significant antitumor activity against both transplanted and sponta
neous mammary tumors [179] and against the P-815 mastocytoma system 
in mice [180]. MVE-2 has also been shown to be effective when used in 
combination with BCNU and LI2lO vaccine in mice [181-184]. It has been 
shown to activate macrophages following both in vitro and in vivo stimula
tion and this may make an important contribution to the antitumor effect. 
Thus, macrophages from CD2F mice cultured with MBL-2 target cell in 
vitro in the presence of MVE-2 are cytotoxic and macrophages from CD2F 
mice injected with MVE-2 are cytotoxic for M 109 cells, upon co-activa
tion [181]. Macrophages from Balb/c mice treated with MVE-2 also showed 
cytotoxicity for M109 cells in vitro. Studies have also shown an increase in 
vascular clearance of SRBC by the RES of mice given MVE-2 [180, 185]. 
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Recently, MVE-2 has been demonstrated to enhance natural killer cell (NK) 
activity and induce interferon following administration to mice [186-188]. 
This agent has been studied in the in vitro and in vivo BRMP screen and has 
undergone phase I testing in man. In the screen it has been noted to increase 
macrophage activity in vitro and to prolong survival when administered in 
vivo to animals with low tumor burden. It was not demonstrably immunos
timulatory in man in phase I testing and did not induce objective tumor 
responses in heavily pretreated patients [189-192J. 

Azimexon 
Azimexon (BM 12.531), chemically, is 2-[2-cyanaziridinyl-(1)]-2-[2-carba

moylaziridinyl-(l) ]-propane and is a representative of the 2-cyanaziridines 
developed by Boehringer Mannheim [193]. These agents possess neither 
alkylating nor directly cytostatic activity in vitro and in vivo and as a result 
toxicity is very low afeter parenteral or oral administration [193, 184]. Anti
tumor activity of azimexon has been reported against the Meth A sarcoma 
in mice, Friend virus induced transplantable leukemia in mice, Walker car
cinosarcoma 256 in rats, DS carcinosarcoma in rats, Ehrlich ascites carcino
ma in mice, M109 alveolar carcinoma in mice, LI210 leukemia in mice, 
AKR leukemia in mice, Lewis lung carcinoma in mice, and fibrosarcoma in 
mice [193 -195]. In one study spontaneous AKR leukemia cells and various 
immunogenic and nonimmunogenic AKR clones were injected into young 
AKR mice. Azimexon, administered at 25 mg/kg (optimum dose) i.v. six 
times during a four day study beginning I day after tumor inoculation, 
showed a significant reduction (50-60%) in the number of non immunogen
ic AKR clones. A similar effect was found on the growth of Lewis lung 
tumors and in the mouse fibrosarcoma system. In all systems there was 
good agreement in the dose-response relationship between azimexon and 
tumor reduction. A good correlation was obtained between antitumor 
effects and an increase in cytotoxic' autoreactive' cells. Autoreactive cells 
are similar to NK cells with respect to receptors, but differ in being cyto
toxic for normal embryonic cells. Cytotoxic autoreactive cell activity in
duced in AKR mice or C57BlI6 mice against syngeneic lymphoid spleen 
cells was examined in a chromium release assay with respect to dose and 
number of injections. The clearest increase was found with 25 mg/kg admin
istered six times, during a 4 day period - in good agreement with in vivo 
action against tumors. Injection of greater than 25 mg/kg resulted in an 
increase in suppressor cell activity, manifested as a reduction of cytotoxic 
autoreactive cell activity against Lewis lung tumor cells or AKR leukemia 
cells. Azimexon has also been found to cause activation of peritoneal 
macrophages against AKR leukemia cells [193]. Macrophages prepared 
from animals treated with 25 mg/kg of azimexon 7 to 10 days before isola-
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tion produce inhibition of tumor growth in vitro. Azimexon has been found 
to reduce the cytotoxicity produced by cyclophosphamide and x-rays result
ing in a therapeutic effect[ 196] . 

MDP 
N-acetylmuramyl-L-alanyl-D-isoglutamine (MDP) is the minimal adju

vant-active structure capable of replacing whole mycobacterial cells in 
Freunds adjuvant for the induction of humoral antibodies or delayed hyper
sensitivity. The primary action of MDP appears to be on the macrophage 
with liberation of monokines, leading to activation of B cells and T-cells. 
MDP has been shown to increase the proliferative response of CBAlCa 
spleen cells to varying numbers of OBA/2 stimulator cells in the mixed 
lymphocyte culture system [197]. The proliferative response was enhanced 
most at low antigen concentrations and MOP exerted a mitogenic response 
in the absence of antigen. The proliferative response in vivo was measured in 
a host vs graft reaction where MOP enhanced the local proliferative res
ponse and, as with the in vitro test, produced an increase in background 
proliferation in the absence of antigenic challenge [197]. The cytotoxic T
cell response to MOP was studied by co-culturing C57 responder cells with 
irradiated DBAI2 stimulator cells. On day 4 to 5 the cytotoxic activity 
against fresh P-815 mastocytoma target cells was measured. MOP did not 
increase cytotoxicity in the absence of antigen, but did show enhancement at 
low to optimal antigen doses' [198]. This allogeneic system was also used to 
generate cytotoxic T -cells in vivo; C57 peritoneal exudate cells were tested 
for lytic activity 10 to 11 days after inoculation with P-815 mastocytoma 
cells. MDP was given i.v. on days 1-3 after tumor challenge. MDP pro
duced about an eight fold increase in lytic activity of spleen cells for P815 
cells. It has been found that macrophage monolayers from OBAl2 mice 
treated with MOP for 24 hours become cytotoxic for P-815 cells and peri
toneal macrophages from DBA/2 mice treated three times with MOP show 
a dose dependent cytotoxicity. Macrophages for MSV -induced tumors and 
several macrophage cell lines have been shown to possess cytolytic activity 
against target tumor cells that can be augmented by addition of MDP to the 
cytotoxicity assay [199]. MDP appears to act directly on the macrophage 
without participation of other cell types since the effect of MDP was shown 
with macrophage cell lines. Adherent peritoneal cells from mice injected 
with MDP show increased secretion of a monokine, thymocytic mitogenic 
protein (TMP) and are cytostatic in vitro for P-8l5 mastocytoma cells [198]. 
Other effects attributed to MOP include stimulation of the reticuloendothe
lial system of mice by increasing phagocytic function [200], an inhibition of 
macrophage migration [201], and stimulation of prostaglandin and collagen
ase production by macrophages [202]. 
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An important study has demonstrated the potential usefulness of lipos
omes as a carrier vehicle for MDP [203]. It was found that MDP encapsu
lated in liposomes rendered mouse or rat alveolar macrophages tumoricidal 
in vitro at less than 1/1000 the concentration required for free MDP. The 
significant potentiation of the tumoricidal activity of alveolar macrophages 
obtained in vitro by inclusion of MDP in liposomes has been used by Fidler 
and coworkers to study the eradication of established spontaneous pulmon
ary and lymph node metastasis in vivo by multiple systemic administration 
ofMDP in liposomes [203]. In these experiments 74% of treated mice were 
free of visible metastasis. In other experiments 60% of mice treated with 
MOP containing liposomes were free of tumor 120 day~ after the last injec
tion ofliposomes or 110 days after control mice injected with MDP alone or 
1iposomes without MDP had died. Recently, the same laboratory has com
pared efficacy of hydrophilic and lipophilic MDP entrapped in lipos
omes [204]. Liposomes containing lipophilic MDP were found superior in 
activating mouse alveolar macrophages to higher and more sustained levels 
of cytotoxicity [204]. 

Tujisin 
Tuftsin is a naturally occuring tetrapeptide (Thr-Iys-Pro-Arg) found nor

mally in human and animal plasma while covalently linked to a gamma 
globulin fraction [205]. It is enzymatically released from the protein carrier 
and plays a role in activation of several functions of polymorphonuclear 
leukocytes, monocytes, and macrophages at physiological concentrations. A 
toxicologic study has been carried out in mice and the acute LDso was found 
to be 2 gm/kg [206]. Tuftsin has been shown to possess antitumor activity 
against a 3-methylcholanthrine induced transplantable fibrosarcoma in C3H 
mice [206]. In this study, Carrageenan, an inhibitor of macrophage activity 
was found to suppress antitumor activity when given following Tuftsin 
administration. Tuftsin has also been shown to possess antitumor activity 
against LI210 tumor cells in DBA mice and against cultured Cloudman 
(S-91) melanoma cells in DBA mice [207]. Because Tuftsin is subject to 
enzymatic degradation in vivo, several analogs have been synthesized and 
analyzed with increased in vivo half life and efficacy [208]. The octapeptide 
tuftsinyltuftsin has been examined in the LI21O/DBA system and shows an 
increased antitumor effect [208]. Several studies suggest that activation of 
macrophages may be involved in the anti-tumor effect of Tuftsin. Thus, 
macrophages from DBA mice treated with Tuftsin show increased cytotox
icity against LI210 tumor cells in vitro [209] and macrophages from DBA 
mice exposed to Tuftsin in vitro show enhanced cytotoxicity against cultured 
LI210 cells. Recently, it has been shown that in vitro treatment of mouse 
splenic cells with synthetic Tuftsin enhances natural killer cell toxicity 
against the T-cell lymphoma Yac-l [210]. 
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Lentinan 
Lentinan is a purified polysaccharide obtained from extracts of the edible 

mushroom Lentinus edodes [211]. Chemically Lentinan is a B-( 1 ,3)-glucan 
with some B-(1-6)-glucosidic side chains and has a molecular weight of 
about 500,000 daltons with glucose as the sugar component. Toxicity tests 
have been performed in various animals [212]. Acute and subacute toxici
ties have been examined following IV injection into mice, rats, dogs and 
monkeys. In all species tested, the LD50 was greater than 100 mg/kg. Lenti
nan does not show any direct cytotoxicity against tumor cells and its anti
tumor action is host mediated. Lentinan can cause complete regression of 
sarcoma - 180 transplanted into ICR mice when administered at 1 mg/kg 
for 10 days [213, 214]. Larger doses are ineffective. This phenomenon of 
'optimal dose' is also evident in various immunological responses. The 
regressive activity of Lentinan against sarcoma - 180 is strain dependent; 
alPh(AlJ), C57B16, C3H/HeN, DBAI2 and SWM/MS mice are strong res
ponders to Lentinan [215-217]. Lentinan also inhibits the growth of Lewis 
lung and EL-4 lymphoma transplanted in C57B1I6, MM46 and MM102 
carcinoma and SR-C3H/He sarcoma transplanted in C3H/HeN mice [211]. 
Lentinan is also active in inhibiting the growth of adenovirus type 12 
induced tumors in C3He mice and is very effective against the methylcho
lanthrene-induced primary tumor in C3H/HeN mice in combination with 
cyclophosphamide [211, 218]. 

Evidence has been presented that Lentinan is a T cell adjuvant. Anti
tumor activity of Lentinan is not evident in neonatal thymectomized mice 
and is lost by administration of anti-lymphocyte serum and also by whole
body irradiation within 3 days of tumor transplantation [219-222]. Further 
evidence for T-cell involvement in Lentinan action has been provided by 
studies showing that antibody production in CBAIJ mice against sheep ery
throcytes occurs only in presence of T-cells [223J and in a second study 
showing that Lentinan enhancement of antibody dependent cell mediated 
cytotoxicity is mediated through helper T -lymphocytes [224]. Lentinan also 
has the characteristics of a macrophage activator. In vivo administration of 
Lentinan enhances the cytotoxic and cytostatic activities of peritoneal exu
date cell against various tumor cells in vivo [222, 225]. Evidence in support 
of this comes from the fact that the anti-tumor activity of Lentinan is 
blocked by anti-macrophage agents such as carrageenan or silica. Lentinan 
does not enhance the phagocytic and cytotoxic activity of macrophages in 
vitro. Recent studies have shown that Lentinan can augment generation of 
antigen specific cytotoxic T lymphocytes against alloantigens and hapten
ated syngenp,ic cells in vivo and in vitro via soluble factors secreted by Len
tinan stimulated macro phages [226, 227J. 

Lentinan has also been examined for NK augmenting activity in CBA, 
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C3H/He and Balb/C mice [228-230]. Intraperitoneal injection of Lentinan 
results in a rapid and significant increase in NK activity with the increases 
being higher in CBA than Balb/C mice. Lentinan administration results in 
modest increase in IFN activity which may be sufficient to enhance NK 
activity. Lentinan did not activate NK cells when incubated in vitro. The 
doses required to activate NK activity in C3H/He mice were higher than 
those required to generate an anti-tumor response. Lentinan has also been 
shown to increase secretion of CSF from splenic T -cells, and LAF from 
peritoneal macrophages [230]. 

NED-137 
NED-I37 is one of a family of low molecular weight synthetic polymers 

developed by Monsanto. It consists of a group of small molecules with a 
mean weight of 800. The only animal model system that has been used to 
evaluate NED-137 is the transplantable MCA induced bladder tumor in 
Fischer rats [231-233]. In this system 50 % of animals given NED-137 sev
en days after subcutaneous tumor implantation were still alive after 6 weeks 
and free of metastasis while control animals died from local tumor and 
metastasis at a mean of 23 days. A study was also carried out on the effect 
ofNED-137 on tumor recurrence and the development of metastasis follow
ing surgical removal of primary tumor. Animals treated with NED-I37 at 
the time of excision showed no recurrences 60 days later and were free of 
metastasis while animals not receiving NED-137 died within 5 weeks. In the 
same study animals receiving NED-l37 at 6 weekly intervals following exci
sion remained free of tumor for more than 6 months. NED-I37 has not 
been found to have any in vitro effects on tumor cells in assays for ADCC 
and lymphocyte mediated cytotoxicity and does not increase numbers or 
activity of peritoneal macrophages. NED-I37 has been shown to promote 
an increase in differentiation of B cells to antibody secreting cells in res
ponse to SRBC immunization and can restore antibody production against 
SRBC to normal levels when administered to T-cell depleted rats following 
thymectomy or irradiation and syngeneic bone marrow transplantation. 

Picibanil (OK-432) 
Picibanil (OK-432) is a cell suspension prepared by treating a low viru

lence strain of streptococcus hemolyticus with penicillin followed by heating 
at 45°C. Picibanil has been shown to have antitumor activity in several 
tumor systems [234-237]. Activity has been found against various strains of 
rat ascites, hepatoma ascites, solid forms of Ehrlich carcinoma of mice, 
Yoshida sarcoma cell lines, spontaneous mammary tumors and the sponta
neous tumor system of AKR mice. Picibanil has been reported to have a 
direct inhibitory effect on malignant cells with little effect on normal host 
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cells [237] by a number of in vitro studies with Yoshida sarcoma or rat 
ascites hepatoma cells and Ehrlich ascites cells [235]. More recently, Pici
banil has been shown to induce interferon in mice and patients with oral 
squamous cell carcinoma [238, 239]. In mice the interferon induced was the 
gamma type (immune) and possible involvement of thymus derived (T) 
lymphocytes and macrophages was inferred from experiments with thymus 
defective nude mice. Evidence has also been presented that Picibanil en
hances the natural killer (NK) cell activity when administered to C57BLl6 

mice [240] and further augments NK cell activity when administered in vivo 
to cancer patients and in vitro on peripheral blood lymphocytes from both 
normal and cancer patients [214-243] . 

BRMP preliminary screen results and projected trials 
Of these seven agents, three, aximexon, MOP and MVE-2, have com

pleted in vitro testing in the BRMP screen [244]. Azimexon has been noted 
to increase both T-cell and B-cell function but not macrophage or NK 
activity. MOP has the capability to boost T-cell, B-cell and macrophage 
function but has no effect on NK activity. MVE-2 will boost B-cell and 
macrophage activity. All are undergoing testing in vivo therapy animal mod
els. NEO-137, Picibanil (OK-432), Lentinan and Tuftsin will all be tested in 
the screen by early 1983. MVE-2 has undergone phase I testing while Azi
mexon should enter phase I clinical trials in early 1983 and MOP in lipos
omes in late 1983. A decision regarding phase I testing of the other agents 
will be made following availability of full screen data. The interferons and 
thymosins have also been tested in certain components of the screen. Mul
tiple other bacterial extracts, immuno-stimulators and immunomodulators 
await screen evaluation. Once all data are available for correlation from the 
various aspects of screen testing and from phase I clinical testing on a num
ber (10-20) of agents, predictive efficacy for various screen components can 
be determined. In this way, screen design will undergo constant revision 
until a efficient predictive model is in place. Multiple agents can then be 
tested rapidly and decisions made based on results regarding phase I clinical 
testing. 

SUMMARY 

Biological response modifier therapy remains in its infancy. However, 
significant advances have been made in the application of this approach. 
The interferons have induced clinical antitumor responses, primarily in the 
lymphomas but also in various solid tumors. A number of responses have 
been noted with other agents in patients with renal cell carcinoma, a tumor 
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unresponsive to other modalities. Specific application of these agents awaits 
further data regarding the effect of dose and schedule on cell proliferation 
and immune parameters. The use of monoclonal antibody therapy is un
dergoing phase J trials and the rational use of antibody-toxin conjugates 
awaits these phase I data and further animal model work with conjugates. 
The availability in the near future of purified lymphokine/cytokine prepa
rations will stimulate a number of phase 1111 trials with these agents with the 
potential of manipulating the host immune response in favor of the host. 
Lastly, the availability of a large number of immunomodulatory agents and 
the ability to define their specific role in manipulating the host defense 
system also offers the real possibility of providing new therapeutic agents. 
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8. Therapy of Established Tumors by Adoptive 
Transfer of T Lymphocytes 

PHILIP D. GREENBERG, MARTIN A. CHEEVER and ALEXANDER FEFER 

I. INTRODUCTION 

The demonstrations that tumor cells express surface antigens which can 
serve as targets for immunologic attack have long enticed laboratory and 
clinical investigators into attempts at manipulating the immune system to 
promote in vivo tumor destruction. Modulation of the immune system of a 
tumor-bearing host has been attempted by a variety of experimental ap
proaches, from highly nonspecific by administering chemical immunoadju
vants which enhance general immunologic reactivity to highly specific by 
infusing purified monoclonal antibodies or cloned T cells which recognize 
and react to only a single antigenic determinant on tumor cells. Unfortu
nately, although tumor cells can be readily killed in vitro by many distinct 
immunologic effector mechanisms, attempts to amplify and utilize the same 
effector mechanisms in vivo for the therapy of established tumors has been 
difficult in animal models and generally unsuccessful in human tumor ther
apy. The difficulties encountered in treating established tumors have served 
to highlight the need for developing and studying animal models in which 
the individual parameters for successful immunotherapy can be isolated and 
examined, the immunologic mechanisms potentially operative in vivo for 
lysis of established tumor can be elucidated and amplified, and the factors 
which limit the efficacy of immunotherapy can be identified and eliminated. 
In this chapter, studies in animal models from our and other laboratories 
pertaining to one method of modulating the immune system of the host to 
facilitate tumor destruction will be reviewed - adoptive cellular immuno
therapy with immune T cells. 

Adoptive immunotherapy as a means for treating tumors is based on the 
suppositions that tumor cells express surface antigens which can serve as 
targets for immunologic attack, that lymphocytes recognizing these antigens 
can be obtained in sufficient number, and that adoptive transfer of these 
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antigen-specific lymphocytes into a tumor-bearing host can mediate an anti
tumor effect without undue toxicity to the host. During the last decade, 
animal models have been developed in which adoptively transferred im
mune cells can reproducibly mediate an in vivo therapeutic effect against 
established tumors, and recent advances in murine immunology have pro
vided the tools to rigorously analyze these models. Parallel technologic 
advances in human immunology have created optimism for the eventual 
clinical application of cellular immunotherapy to the treatment of human 
tumors. These advances have included: (a) methods to isolate and purify 
subpopulations of potential effector cells on the basis of phenotypic expres
sion of antigens and receptors on the cell membrane [1,2], (b) methods to 
generate large numbers of potential effector T cells by in vitro sensitization 
of lymphocytes to tumor cells and numerical expansion of reactive cells by 
reculture in medium containing T cell growth factors such as IL 2 [3-5], (c) 
methods to modulate in vivo immunoregulatory circuits which potentially 
limit the efficacy of adoptively transferred cells [6-9], (d) demonstrations 
that some human tumors express tumor-associated antigens (T AA) which 
can be immunogenic and serve as targets for tumor lysis [4, 10, 11], (e) the 
demonstration in animal models that normal differentiation antigens ex
pressed on tumor cells rather than only tumor-specific antigens can serve as 
targets for specific immunotherapy without excessive host toxicity [12] and 
(f) the demonstration that a graft-versus-Ieukemia reaction may contribute 
to tumor eradication following human allogeneic marrow transplantation, 
confirming that under appropriate conditions therapy of human tumors can 
be facilitated by adoptive transfer of immune effector cells which recognize 
antigens expressed on the tumor cells [13, 14]. 

In this chapter the principles of and prerequisites for successful adoptive 
immunotherapy of established tumors as elucidated by studies in animal 
models will be examined. Tumor therapy models using adoptive transfer of 
syngeneic immune lymphocytes have been the most thoroughly investigated 
and will be discussed in detail, since these represent prototypes of what 
might be accomplishable with appropriately selected and amplified tumor
reactive autologous lymphocytes obtained from a tumor-bearing host. Tu
mor therapy with adoptively transferred allogeneic lymphocytes has been 
less well studied and poses unique problems, including toxicity to the host 
from graft-versus-host disease and a diminished antitumor effect due to 
rejection of the transferred cells by the host. However, since alloreactive 
cells by definition recognize a variety of antigens expressed on the host 
tumor cells and possess a clear therapeutic potential which might be trans
latable to the clinical setting, the experimental results and principles un
derlying adoptive therapy with allogeneic cells will also be reviewed. 
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2. ADOPTIVE IMMUNOTHERAPY WITH SYNGENEIC LYMPHOCYTES 

Adoptive immunotherapy models in which the lymphocyte donor, tu
mor-bearing host, and the tumor are all syngeneic permit analysis of the 
underlying mechanisms and therapeutic efficacy without the complications 
presented by incompatibility between donor and host. Syngeneic models 
have generally utilized transplantable tumors with well-described growth 
patterns and immunogenicity, and donor lymphocytes from normal animals 
which have been rendered immune by in vivo and/or in vitro sensitization to 
immunogenic tumor-associated antigens. Clinical trials of analogous adop
tive cellular therapy in humans have generally been unsuccessful and pre
sumably premature, since it has been difficult to identify immunogenic 
determinants on human tumor cells which can induce and serve as targets 
for autologous immune effector cells [15]. However, the recent technologic 
advances in clinical immunology, which permit isolation of purified subpo
pulations of lymphocytes and identification and expansion of antigen-reac
tive celis, support the hope that it may be possible in the future to select 
from a tumor-bearing patient a small number of potential effector cells, 
which have been limited in quantity in the host because the tumor is weakly 
immunogenic and/or induces dominant immunosuppression, and expand 
these cells to large numbers such that reinfusion into the host exerts an 
antitumor effect. 

2.1 Adoptive transfer of syngeneic lymphocytes as the only form of therapy 
Lymphocytes have been shown to inhibit the in vivo growth of trans

planted tumors when administered shortly before, with, or shortly after the 
inoculation of tumor. However, even under optimal conditions, when the 
tumor is immunogenic and sensitive to immune-mediated lysis and large 
numbers of immune lymphocytes can be obtained and administered, it is 
rarely possible to obtain a significant antitumor effect from adoptive trans
fer of cells as the sole form of therapy of an established tumor. These dis
appointing therapeutic results have reflected, at least in part, biologic con
sequences of a growing tumor, such as a large tumor burden and induction 
of suppressor cells and/or suppressor factors in the host [16-18]. Neverthe
less, occasional impressive complete regressions of advanced tumors have 
been reported after treatment with syngeneic immune lymphocytes alone, 
and these studies have helped identify some of the problems which limit 
such a therapeutic approach. 

Although the precise problems associated with a large tumor burden have 
not all been well-defined, it is evident that immune cells have great diffi
culty eradicating a large tumor load in vivo. In an early report of successful 
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immunotherapy, mice bearing an established small, 6 to 10 mm, highly 
immunogenic sarcoma were treated with syngeneic cells from multiply 
immunized donors [19]. Despite these conditions, a total dose of less than 
5 x 108 lymphocytes (i.e. approximately the number contained in the spleens 
of 5 donor mice) was ineffective. Moreover, the efficacy of cell doses of 
5 x 108 to 4 X 109 infused over several days was primarily reflected by only a 
slowing of tumor progression rather than tumor regression. Thus, even 
enormous numbers of immune lymphocytes had only minimal activity 
against a small established tumor. In studies examining immunotherapy of 
established transplanted intradermal tumors with local lymph node meta
stases, immune lymphocytes became decreasingly effective if administered 
either after a large initial tumor inoculum or if adoptive transfer was 
delayed until the host had a larger tumor burden [20]. Similar difficulties 
have also been noted in our laboratory in adoptive immunotherapy of FBL-
3, a Friend virus-induced erythroleukemia of C57BLl6 origin [21]. Mice 
inoculated with 104 FBL-3 on day 0 were cured by infusion of 5 x 106 syn
geneic immune cells on day 1, but, if treatment was delayed until day 3, 
even 108 immune cells exerted no effect. Since FBL-3 has a doubling time of 
approximately 24 hours, the predicted ratio of effector cells to tumor targets 
would be 150: 1 on day 1 when therapy was effective and 1250: 1 on day 3 
when therapy was no longer effective. Thus, the obstacles presented by a 
large tumor burden reflect not only quantitative considerations, but quali
tative problems induced by the growing tumor. 

One major biologic consequence of an established growing tumor is the 
induction of suppressor T cells in the host. Recent studies, comparing adop
tive immunotherapy in normal hosts and hosts which have been rendered T 
deficient by adult thymectomy followed by lethal irradiation and reconsti
tution with T-depleted bone marrow, have convincingly demonstrated that 
suppressor T cells present in the host interfere with the adoptive transfer of 
tumor immunity. Although immunotherapy was effective if cells were 
infused into normal recipients bearing a methylcholanthrene-induced fibro
sarcoma early after tumor implantation, immune cells were no longer effec
tive if administered 7 days after tumor inoculation. By contrast, adoptive 
transfer of immune cells 7 days after tumor inoculation into T deficient 
hosts resulted in complete rejection of large tumors [16, 22]. Moreover, the 
efficacy of adoptive immunotherapy in these T deficient recipients was 
abrogated by infusion of T cells obtained from normal recipients with a 
growing tumor. The presence of suppressor T cells in tumor-bearing hosts 
which inhibit adoptive immunotherapy was similarly demonstrated in stu
dies of therapy of a disseminated syngeneic mastocytoma in normal and T 
deficient mice [23]. This interpretation that progressive tumors induce sup
pressor T cells which inhibit adoptive therapy is consistent with observa-
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tions of successful immunotherapy of established tumors with lymphocytes 
alone in several other models, such as palpable Moloney sarcoma virus
induced tumors growing in immunologically suppressed or T -depleted adult 
mice [24, 25], and progressive fibrosarcomas growing in hosts which had 
been rendered relatively T deficient by irradiation or cyclophosphamide 
prior to tumor implantation [26, 27]. 

These few positive studies and the much larger number of negative stu
dies attest to the difficulty encountered in attempting to achieve a thera
peutic benefit from adoptive transfer of immune cells as the sole form of 
therapy of established antigenic tumors. The resistance of growing tumors to 
eradication by the immune system reflects central inhibition of effector cell 
expression and expansion by suppressor cells as described above, as well as 
other factors which might operate locally or centrally. For example, growing 
tumors have been shown to produce factors which locally interfere nonspe
cifically with immunologic effector functions - in essence, establishing a 
growing tumor nodule as a relatively immunologically-privileged site [28]. 
Thus, in addition to providing or promoting immune effector cells, success
ful immunotherapeutic approaches have generally required that the underly
ing host-tumor relationship be modified prior to adoptive transfer of lym
phocytes. 

2.2 Adoptive immunotherapy following reduction of tumor load 
Since adoptive immunotherapy potentially provides unique antitumor 

specificity but is limited, at least in part, by the size of the tumor load 
and/or the associated immunologic suppression, immunotherapy might be 
best used to specifically destroy residual tumor cells remaining after cyto
reductive surgery, radiation, or chemotherapy. Moreover, such modification 
of the host-tumor relationship prior to adoptive therapy might theoretically 
uncover potential benefits of immunotherapy which previously were unde
tectable due to consequences of the large tumor burden. 

Effective adoptive immunotherapy of micrometastatic pulmonary lesions 
has been reported following surgical removal of a growing primary implant 
of Lewis lung carcinoma (3LL) cells [29]. This experimental setting was 
somewhat similar to clinical settings for which adjuvant therapy is consi
dered, in that, following removal of the primary 3LL tumor growing in the 
foot pad, no residual disease was detectable but most mice eventually died 
from outgrowth of microscopic pulmonary metastases. Therefore, one day 
following surgery, mice received no additional therapy or infusion of either 
normal syngeneic lymphocytes, lymphocytes sensitized to syngeneic fibro
blasts, or lymphocytes sensitized in vitro to syngeneic 3LL tumor cells. Mice 
treated with cells sensitized to 3LL had a significantly lower incidence of 
pulmonary metastases and better survival than the other treatment groups. 
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Of interest, although in vitro sensitization of 3LL cells rendered responder 
cells active in immunotherapy, syngeneic responder lymphocytes obtained 
from normal donors were more effective than responder cells obtained from 
tumor-bearing hosts. Potentially, this could result from expression in a host 
bearing a progressive tumor of specific and nonspecific immunologic sup
pression which can interfere with the generation and detection of antitumor 
effector cells. Thus, although surgical removal of a primary tumor may 
facilitate immunotherapy of micrometastatic disease, purification of specific 
lymphocyte effector populations, and, possibly selective expansion in vitro, 
may be important if cells from a tumor-bearing host are to be used for 
therapy of autochthonous tumor. 

Radiation therapy as an adjunct to adoptive immunotherapy with specif
ically immune lymphocytes has not been extensively studied. Most studies 
utilizing radiation therapy in animal models have used supralethal doses of 
total body irradiation plus rescue by infusion of syngeneic marrow cells to 
repopulate the hematopoietic and immune systems. This approach has been 
effective against some murine hematologic malignancies, particularly if 
instituted shortly after tumor inoculation and if lymph node cells were 
infused with bone marrow cells [30, 31]. Unfortunately, no attempts were 
made in these studies to increase the potential therapeutic effectiveness of 
the syngeneic lymphoid cells by using lymphocytes immune to tumor, and 
thus it is difficult to assess whether the infused cells which reconstituted the 
host in these models provided any antitumor effect. Radiation therapy has 
not been pursued in animal models for therapy of established disease in part 
due to practical reasons - systemic or local radiotherapy is time consuming 
and difficult to deliver in a uniform fashion to rodents in comparison to 
other cytoreductive modalities. However, for application to treatment of 
human tumors, radiotherapy prior to adoptive cell transfer should theoreti
cally be very useful- firstly, since many tumors are radiosensitive, it should 
reduce the tumor burden; and secondly, since suppressor T cells are radio
sensitive, it might enhance the adoptive transfer of tumor immunity. For 
example, adoptive immunotherapy of an established fibrosarcoma in rats 
was more effective in hosts that were sublethally irradiated prior to tumor 
implantation than intact tumor-bearing hosts, presumably due to ablative 
radiation effects on the host suppressor cells [26]. 

Cytoreductive chemotherapy as an adjunct to immunotherapy has been 
the most extensively studied combined modality approach. Chemothera
peutic agents, which can destroy a large tumor load, have relative nonspe
cificity for target tissues, and thus are generally limited in use or dose by 
toxicity to normal host tissues. Since syngeneic lymphocytes immune to 
tumor-associated antigens have little if any toxicity for normal host tissues 
but are generally limited by the inability to eliminate a large tumor load, 
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therapy with both chemotherapy and immune cells offers the opportunity 
for maximizing the therapeutic potential of each modality while overcoming 
the individual limitations. Thus, animal models have been developed in 
which established syngeneic tumors can be eradicated by a combination of 
nonlethal noncurative chemotherapy plus lymphoid cells immune to tumor 
antigens. This approach has been successful in several strains of mice 
against a variety of advanced syngeneic tumors including Moloney leukem
ia [32], LI210 leukemia [33,34], Friend leukemia [35], EL-4 lympho
ma [36, 37], Rauscher leukemia [38], and Meth A sarcoma [27], as well as 
against L2C leukemia in guinea pigs [39]. These adoptive chemoimmuno
therapy models, as described in the next section, have been very useful for 
elucidating the requirements for effective immunotherapy and for analyzing 
the mechanisms by which immune cells facilitate in vivo eradication of 
tumors. 

2.3 Adoptive chemoimmunotherapy (ACIT) 
Several murine models have been developed in our laboratory for the 

treatment of established disseminated syngeneic leukemias and lymphomas 
by chemotherapy with cyclophosphamide followed by adoptively transfer
red syngeneic immune cells [21]. In these adoptive chemoimmunotherapy 
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Figure 1. Adoptive chemoimmunotherapy (ACIT). Mice are inoculated with syngeneic tumor 
intraperitoneally. Five days later, after tumor has disseminated to blood and spleen, therapy 
with immune cells alone has no antitumor effect, chemotherapy with cyclophosphamide pro
longs survival but cures no mice, and combination therapy with cyclophosphamide (CY) and 
syngeneic cells immune to the tumor can cure mice of disseminated disease. 
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(ACIT) models, mice are inoculated with syngeneic tumor intraperitoneally 
on day 0 (Figure 1). Five days later, tumor growth and dissemination can be 
readily demonstrated by bioassay of peripheral blood or spleen for tumor 
cells [40]. Mice receiving no therapy on day 5 develop progressive ascites, 
splenomegaly and lymphadenopathy and die within 1 to 2 weeks. Treatment 
on day 5 with immune cells alone, even in large numbers, has no apparent 
in vivo antitumor effect. Chemotherapy on day 5 with 180 mg/kg cyclophos
phamide (CY) prolongs survival for 2 to 3 weeks, but cures no mice. By 
contrast, therapy on day 5 with CY followed in 6 hours by immune cells can 
eradicate tumor and cure mice. 

The mechanisms of tumor elimination by ACIT, the nature and specific
ity of the effector cells, and the factors which can interfere with the efficacy 
of ACIT have been most extensively analyzed in the treatment of dissemi
nated FBL-3, a Friend virus-induced leukemia of C57BLl6 origin. FBL-3 
was selected for study for several reasons - it grows reproducibly and is fatal 
in syngeneic hosts; it induces specific T cell immunity following both in vivo 
and in vitro sensitization with tumor cells [37]; it is sensitive to the tumo
ridical activity of cyclophosphamide [40]; and it possesses immunogenic 
tumor-associated antigens which cross-react with antigens on other tumors 
induced by Friend, Moloney, or Rauscher (FMR) viruses [41]. 

2.3.1 Kinetics of tumor elimination by ACIT 
Early studies of ACIT demonstrated that tumor eradication was depen

dent upon infusion of immune T cells which could proliferate in the host 
after adoptive transfer [21]. Since the requirement for donor T cell prolifer
ation in the host might reflect an immunologic requirement for a prolonged 
in vivo antitumor response, tumor-bearing mice were examined at different 
time points before or after therapy for the presence of disseminated tumor 
by bioassay of peripheral blood or spleen cells [40]. Bioassay confirmed that 
leukemia was widely disseminated at the time of therapy on day 5, and that 
cyclophosphamide (CY) significantly reduced the tumor burden by a direct 
tumoricidal effect. Therapy with CY and immune cells resulted in a greater 
initial reduction of tumor cells than CY alone; however, lysis was incom
plete and, even in mice which would ultimately be cured by the therapy 
with CY and immune cells, a 2 to 3 week period of subclinical tumor 
regrowth was observed before the tumor was completely eliminated. Rejec
tion of the residual growing tumor cells was immunologically mediated, 
since mice immunosuppressed two weeks after ACIT by inoculation of anti
thymocyte serum exhibited lethal tumor recurrences. Thus. effective tumor 
therapy not only requires adoptive transfer of immune T cells, but these 
cells must be capable of persisting in the host and mediating a prolonged 
antitumor effect. 
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The prolonged time period required for complete tumor elimination by 
immune cells does not appear to be limited to the ACIT models studied in 
our laboratory, but rather may reflect a general principle of adoptive immu
notherapy. Following adoptive therapy with immune cells which eventually 
resulted in complete elimination of an established rat sarcoma, an esta
blished murine fibrosarcoma, and a disseminated murine mastocytoma, 
measurable tumor growth continued for one to two weeks after cell transfer 
before the onset of tumor rejection became apparent [16, 23, 26]. Although 
the time required for tumor elimination in these models might partially 
reflect the quantity of immune cells administered, high celi doses were used 
in all the experiments described above. Moreover, it is likely that the 
observed kinetics reflect at least in part the necessity for infused cells to 
traffic to and establish operational effector mechanisms at sites of tumor 
growth. Recognition of this prolonged time period required for complete 
tumor eradication may be extremely important, since it may be possible 
intentionally or otherwise to either enhance or interfere with the efficacy of 
immune cells after cell transfer. 

2.3.2 Specificity of immune cells for tumor and major histocompatibility 
antigens 

Immunotherapy of tumors by ACIT has been accomplished with both in 
vivo and in vitro sensitized cells. The therapeutic effect of the lymphoid cells 
has been assumed to result from specific immunization of T cells, since cells 
immune to tumor-associated antigens were significantly more effective than 
nonimmune celis, cells immune to unrelated antigens, or tumor-immune 
celis depleted of T cells [21,35]. Similar observations have been made in 
other immunotherapy models [20, 29, 42]. 

Rigorous proof of immunologic specificity, however, requires controls 
demonstrating that the cells effective in therapy of the immunizing tumor 
are ineffective against an antigenically distinct non-crossreactive tumor 
which can be similarly eradicated by appropriately directed immunothera
py. In ACIT in C57BLl6 mice, treatment of FBL-3, a Friend virus-induced 
tumor, was compared to EL-4(G-), a dimethylbenzanthracene carcinogen
induced lymphoma. These two tumors of C57BLl6 origin are antigenically 
distinct, since spleen cells from mice immunized in vivo with FBL-3 or 
EL-4(G-) and reexposed to the sensitizing tumor in ritro displayed cytotoxic 
reactivity specific for the immunizing tumor [37]. Moreover, immune 
spleen cells were effective only in ACIT of the sensitizing tumor. These 
studies not only demonstrated that the effector cells active in ACIT are 
immunologically specific T cells, but also the corollary that relatively uni
que tumor-associated antigens expressed on tumor cells can be targets for 
tumor-specific immunotherapy. Similar studies in immunotherapy of chem-
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icaHy-induced and virus-induced sarcomas in BN rats have confirmed the 
requirement for immunologically specific T cells [42,43]. 

Another aspect of T cell recognition of membrane antigens must be con
sidered when assessing T cell specificity for tumor cells. According to the 
concept of H-2 restriction of T cell function, T cells are not sensitized to 
isolated tumor antigens but rather are sensitized to such tumor antigens in 
association with major histocompatibility complex (MHC) antigens ex
pressed on the immunizing cell- the immune T cells subsequently recognize 
only tumor targets expressing both the tumor and MHC antigens present 
during sensitization [44]. Although lysis of tumors by cytotoxic T cells 
(CTL) has been shown to be H-2 restricted in 4-hour in vitro assays, pro
longation of the in vitro assays for 12 to 20 hours has permitted detection of 
apparent tumor antigen specific nonrestricted lysis [45-48]. Since tumor 
eradication by ACIT requires a prolonged time period and should potential
ly permit protracted interactions between effector and target cells, these stu
dies raised questions of whether H-2 restriction was important for tumor 
therapy. Therefore, to examine the role of H-2 restriction in adoptive 
immunotherapy and avoid problems imposed by allogeneic effects, models 
were developed for ACIT in (BALB/c x C57BLl6) F, hybrid mice of paren
tal strain tumors induced by Moloney virus (LSTRA of BALB/c origin) and 
Friend virus (FBL-3 ofC57BLl6 origin). These FMR virus-induced parental 
strain tumors are disparate at H-2 but express cross-reactive tumor-asso
ciated antigens [41, 49]. The results demonstrated that effector cells opera
tive in ACIT recognize tumor antigens only in the context of an MHC 
product present on the immunizing cell [50]. These studies affirm not only 
that tumor eradication in vivo is H-2 restricted, but emphasize the impor
tance of the MHC antigens expressed on the immunizing cell. Thus, if 
tumors expressing immunogenic tumor-associated antigens are to be used 
for generating cells for tumor therapy, the sensitizing tumor will have to 
either be MHC identical to the tumor target or the tumor antigen will need 
to be isolated and processed by a syngeneic macrophage for sensitization so 
that it is presented to T cells in the context of appropriate MHC determi
nants. 

2.3.3 Effector cells operative in ACIT 
Although immune destruction of tumor cells in vitro has been demon

strated to be mediated by macro phages, T cells, B cells and natural killer 
(NK) cells, the critical effector cell required for in vivo adoptive immuno
therapy in all the established tumor models tested so far has been a T 
cell [16, 21, 25, 26]. In ACIT, the efficacy of immune cells is not diminished 
by passage over nylon wool to remove B ceHs and macrophages or by pas
sage through a magnetic field after carbonyl iron ingestion to further deplete 
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phagocytic cells, but the therapeutic activity is ablated by removal of T 
cells [51]. These studies, while demonstrating a central role for immune T 
cells, do not necessarily imply that only T cells participate in tumor des
truction in vivo following adoptive therapy, but rather that non-T effector 
cells are not limiting tumor elimination in the absence of enhanced T cell 
immunity. It should be noted that, in an ACIT model in which mice were 
inoculated on day 0 with several log fewer tumor cells than the standard 
therapy model, a small in vivo antitumor effect was detected following trans
fer ofNK-like effector cells; however, even in this setting of minimal tumor 
burden, immune T cells remained dramatically more effective than NK 
cells [52]. This NK-like therapeutic activity was no longer detectable with a 
larger initial tumor inoculum. Thus, it is conceivable that marked augmen
tation of the reactivity of cell sUbpopulations other than T cells might 
uncover previously unidentified therapeutic potential. However, transfer of 
immune T cells results in readily demonstrable activity in tumor therapy 
and consequently T cells have been the most extensively studied effector 
population. 

The mechanisms by which immune T cells effect tumor destruction in 
vivo have only recently been examined, and appear more complex than ini
tially expected. Although it had simplistically been assumed that tumor era
dication following ACIT reflected destruction of a large fraction of the 
tumor by drug followed by rapid killing of the residual tumor cells by 
infused cytotoxic donor cells, tumor eradication was demonstrated to re
quire several weeks for completion [40], and the efficacy of imm une cells in 
therapy did not correlate with either the immediately detectable cytolytic 
activity or the cytolytic potential revealed after reexposure to tumor antig
ens by in vitro sensitization [53]. Moreover, although the cytotoxicity of 
immune cells measured in a 4-hour in vitro assay was not diminished by 
y-irradiation with 1000 R, such irradiation rendered the immune population 
unable to proliferate and ineffective in ACIT [54]. 

The above findings prompted an analysis of the role of T cell subpopu
lations, as defined by Lyt phenotype, in ACIT. Expression of Lyt antigens 
has been shown to be useful for separating functional T cell subsets [1,55]. 
By negative selection using cytotoxic depletion with antibody and comple
ment, T cells can be operationally separated into Lyt I + 2 - cells containing 
the amplifier/inducer, helper, and delayed type hypersensitivity (DTH) 
effector cells, Lyt 1 -2 + cells containing cytotoxic and suppressor cells, and 
an Lyt 1 +2 + compartment containing precursors for the other subsets as 
well as a portion of cytotoxic and suppressor effector cells [1, 55]. In partic
ular, cytotoxic T cells (CTL) to syngeneic tumors appear to reside in both 
the Lyt 1-2+ and Lyt I +2+ compartments [56-60]. Analysis of the T cell 
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Figure 2. Efficacy of T cell subpopulations in adoptive ehemoimmunotherapy (A CIT) of dis
seminated FBL-3 leukemia. (BALB/c x C57BU6) FJ mice, denoted CBF, were inoculated with 
5 x 106 FBL-3 intraperitoneally on day 0 and left untreated (- No Thcrapy), treated on day 5 
with 180 mg/kg of cyclophosphamide (- .. - CY Alone), or treated with CY plus 5 x 106 CBF 
donor spleen cells obtained either form normal nonimmune CBF mice (- CBFNORMAd or 
CBF mice that had been primed and boosted in vivo with irradiated FBL-3. Donor immune 
spleen cells were used either unseparated (- - - CBF aFBl) or after depletion of subpopulations by 
in vitro incubation prior to adoptive transfer with complement and antibody to Thy 1.2 
(- .. [CBFaFBJaThy 1.2), Lyt I (_. - [CBFaFBJaLyt I), or Lyt 2 (- CBFaFBJaLyt 2). 

subsets reactive to the FBL-3 tumor used in our models confirmed that an 
Lyt 1 + 2 - amplifier/inducer T cell was necessary for the generation of CTL, 
while the actual cytolytic cells were of the Lyt 1-2+ and Lyt I +2+ pheno
types [61]. 

A graphic depiction of the results of ACIT experiments, in which the role 
of T cell subpopulations in therapy was examined, is shown in Figure 
2 [61]. (BALB/c x C57BLl6)Fl hosts, denoted CBF, were inoculated with 
the parental strain tumor, FBL-3, and treated 5 days later with CY plus 
immune cells. Donor immune cells were generated by priming and boosting 
CBF donor mice in vivo with irradiated FBL-3 tumor cells, and the spleen 
cells were used in therapy either unfractionated or depleted of selected sub
populations by incubation with complement and monoclonal antibody to 
Thy 1.2, Lyt I or Lyt 2. Mice receiving no therapy died by day 19, and, 
although therapy on day 5 with CY alone or CY plus normal nonimmune 
spleen cells prolonged survival, all mice died of progressive tumor. Therapy 
with CY plus unfractionated immune spleen cells further prolonged survival 
and cured 71 % of mice. Depletion of T cells from the immune population 
by in vitro incubation with aThy 1.2 and complement prior to adoptive 
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transfer abrogated most of the therapeutic effect. The small residual antitu
mor effect observed with T -depleted immune cells probably reflected in
complete removal of all T cells, since previous studies have demonstrated 
that neither B cells nor macrophages are responsible for the observed ther
apeutic activity [51]. Immune cells depleted of Lyt 1 + cells with aLyt 1 and 
complement, so that only the Lyt I - 2 + T cell subset remained, were also 
ineffective in therapy, similar to the results with immune cells depleted of 
all T cell subsets. By contrast, immune cells depleted of Lyt 2 + cells, which 
thereby contained only the Lyt 1 +2- T cell subset and lacked CTL and CTL 
precursors, retained most of the therapeutic potential of the initial unfrac
tionated population. Thus, although other T cell subsets may have a slight 
additive effect, the major therapeutic effect provided by adoptive transfer of 
immune spleen cells is mediated by a population of noncytolytic Lyt 1 +2-
T cells [61]. 

The above studies were performed with T cell subsets obtained by nega
tive selection (i.e. cytotoxic depletion of other subsets), and the results were 
confirmed in additional studies with Lyt 1 +2- T cells obtained by positive 
selection (i.e. labelled with fluoresceinated and rhodaminated antibodies to 
Lyt I and Lyt 2 respectively and selected on a cell sorter) [54]. The thera
peutic efficacy observed with donor cells which lack cytotoxic potential 
implies that a host cell can contribute to tumor eradication. Thus, the effec
tor mechanism operative in vivo against established tumor must reflect one 
or more of the immune functions of the Lyt 1+2- T cell subset and an 
interacting host cell - i.e. donor helper T cells and host B cells for antibody 
responses, donor initiator T cells and host macrophages for DTH responses, 
and/or donor amplifier T cells and host CTL precursors for CTL res
ponses. 

The precise function of Lyt 1 +2- donor cells in vivo has not yet been 
elucidated. A helper function for enhancement of in vivo antibody responses 
seems least likely, since immunotherapy of established tumors by infusion 
of antibody has had very limited success [15], even when enormously high
titered monoclonal antibody has been utilized [12]. Unfortunately there is 
as yet insufficient experimental data to distinguish between the other two 
distinct functions of Lyt 1+2- T cells. Examination of regressing sarcomas 
has provided data consistent with both functions, since T cells and inflam
matory cells potentially reflecting an ongoing DTH response as well as CTL 
and CTL precursors have been detected in the tumor mass [62,63]. In sup
port of an in vivo role for DTH, adoptive transfer of a tumor-specific DTH 
response with immune Lyt 1 +2- T cells has been demonstrated [64], but 
the role of such T effector cells in the rejection of established tumors has not 
been defined. Perhaps the strongest evidence suggesting a central role for 
DTH in tumor eradication has been generated in a nontumor allograft rejec-
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tion model, in which CTL had been generally presumed to be the critical 
effector cell - in adoptive transfer experiments utilizing totally T -deficient 
hosts, rejection of skin allografts required transfer of Lyt I + 2 - T cells cap
able of inducing DTH, whereas transferred alloreactive CTL were unable to 
mediate graft rejection [65]. 

Alternatively, if Lyt 1 +2- T cells function predominantly as amplifier 
cells in the host, then ultimate in vivo tumor rejection would be mediated by 
tumor-specific CTL. Amplifier T cells have been shown to augment gener
ation of tumor-specific CTL in vitro and enhance neutralization of tumor in 
vivo [66]. Bioassay data, demonstrating a period of subclinical tumor growth 
after ACIT with unfractionated immune cells before complete tumor elim
ination occurs [40], are consistent with a critical role for an amplifier cell, 
since, unlike CTL, transfer of such non lytic cells would be expected to result 
in a delay in tumor eradication while the necessary in vivo expansion of the 
pool of cytotoxic effector cells occurred. However, the hypothesis that trans
ferred Lyt 1 + 2 - T cells function to amplify a CTL response in vivo must 
contend with the observation that immune cells depleted of Lyt 1 + cells, 
while lacking amplifier cells, still contained CTL and CTL precursors and 
yet had only a minimal effect in ACIT (Figure 2). This may have reflected 
largely a quantitative phenomenon, in that an inadequate number of CTL 
may have been present in the infusate to eradicate the tumor, and the CTL 
provided may have been incapable of sufficient expansion in the absence of 
amplifier cells. Additionally, Lyt I - 2 + CTL memory cells appear to have a 
short functional lifespan in vivo [59, 67, 68], and thus may be unable to 
mediate a prolonged in vivo antitumor effect. Therefore, continued genera
tion of cytolytic effector cells in vivo might require the infusion ofLyt 1 +2-
amplifier cells, which appear to have a long lifespan in vivo [59, 67, 68], and 
the presence of CTL precursors in the host. 

Conclusions as to the actual mechanisms by which adoptive transfer of 
immune cells results in eradication of a tumor must await further experi
mentation. Definitive studies will require treatment of selectively immu
nodeficient hosts (i.e. mice rendered totally T-deficient or deficient in sel
ected subpopulations of lymphocytes, as described by Huber et al. [68] with 
adoptively transferred subpopulations of immune cells, so that the potential 
effector mechanisms operative in vivo are limited. The importance of under
standing how tumor is eradicated in the ACIT model has been emphasized 
by recent results in other experimental immunotherapy models which have 
similarly demonstrated a requirement for transfer of noncytolytic T cells 
rather than CTL. In adoptive therapy of an established syngeneic virus
induced rat sarcoma, transfer of immune T cells depleted of CTL, but con
taining a purified T cell subset analogous to the inducer Lyt 1 +2 - subset in 
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mice, was even more effective on a cell-for-cell basis than unfractionated 
immune spleen cells [26, 42]. These results were confirmed in adoptive 
therapy of an antigenically distinct chemically induced rat sarcoma [43]. 
Thus, although the precise mechanism of action has not yet been resolved, 
the efficacy of immune cells in adoptive immunotherapy of both hemato
logic malignancies and solid tumors appears to be dependent upon the 
transfer of noncytolytic T cells functioning as helper, amplifier and/or DTH 
inducer cells. 

2.3.4 Influences of suppressor cells on the efficacy of ACIT 
Progressive growth of an antigenic tumor implies that the underlying host 

immune response is inadequate to mediate tumor eradication. Induction of 
suppressor cells which limit the generation and expression of effector cells 
may be responsible, at least in part, for this failure of the host to control 
tumor growth. The preferential generation of either effector or suppressor 
cells following exposure to tumors depends on factors such as the nature of 
the antigen, mode of antigen presentation, quantity of antigen, etc. [69]. 
Unfortunately, growing tumors, despite expression of immunogenic moie
ties on the cell surface, frequently induce specific and/or nonspecific immu
nologic suppression. This may be due to secretion of directly immunosup
pressive soluble factors [70], or to induction of lymphoreticular cells which 
suppress the immune response. Macrophages, B cells, and T cells have been 
demonstrated to mediate nonspecific suppression of tumor immunity, 
whereas most studies of specific suppression have identified a T suppressor 
cell [69]. The importance of such specific and nonspecific suppressor cells 
on the generation of effector cells and control of tumor growth in the host 
has been well demonstrated. For example, inoculation into tumor-bearing 
hosts of antibodies to I-J determinants, which are MHC-Iinked alloantigens 
selectively expressed on suppressor T cells, has been shown to deplete sup
pressor cells in vivo and facilitate tumor rejection [6]; and nonspecific sup
pressor macro phages need to be depleted from spleens of rats bearing a 
progressing fibrosarcoma or mice bearing a growing plasmacytoma to per
mit generation of effector cells operative in vivo in immunotherapy or in 
vitro in tumor lysis [43, 71]. 

Eradication of established tumors by adoptive immunotherapy requires a 
prolonged in vivo antitumor response, and the transferred cells must proli
ferate in the host to be effective [16,26,40, 54]. As a reflection of these 
requirements, the efficacy of adoptive immunotherapy would be expected to 
be limited by the same suppressor mechanisms which interfere with the 
development of immunity in a tumor-bearing host. Indeed, suppressor cells 
induced by growing tumors have been shown to represent a major obstacle 
to immunotherapy. Adoptive transfer of immune cells into mice bearing 
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established fibrosarcomas or mastocytomas produced no antitumor effect; 
however, if the hosts were rendered T -deficient prior to establishment of the 
tumor to prevent the generation of tumor-induced T suppressor cells, adop
tive immunotherapy resulted in tumor eradication [16, 23]. The importance 
of T suppressor cells in these models was further confirmed by infusing T 
cells from intact tumor-bearing hosts into the T -deficient hosts prior to the 
transfer of effector cells, which resulted in inhibition of the adoptive thera
py. Similarly, immunotherapy of fibrosarcomas in two rat models was more 
effective if the hosts were irradiated prior to establishment of the tumor, 
presumably because this ablated radiation sensitive precursors of suppressor 
cells [42, 43]. 

The potential for suppressor cells to inhibit the efficacy of AClT has also 
been demonstrated [27, 72]. Although cyclophosphamide was originally 
chosen for use in AClT as a means of reducing the tumor burden prior to 
infusion of immune donor cells, the drug probably also depletes the host of 
suppressor cells which interfere with immunotherapy. The importance of 
the immunologic effect of cyclophosphamide was originally suggested in 
ACIT models in which treatment with lympholytic chemotherapeutic agents 
with only minimal tumoricidal activity uncovered potent therapeutic activ
ity in transferred immune cells which had been totally ineffective when 
infused without prior chemotherapy [27, 38]. Cyclophosphamide has been 
shown to enhance T cell immunity in vivo by preferentially depleting sup
pressor cells and suppressor precursors more than other T cell subsets in the 
host [73- 75]. Moreover, in ACIT of a fibrosarcoma, the cyclophosphamide 
has been specifically shown to eliminate tumor-induced suppressor cells in 
the host which otherwise prevent the transferred immune cells from ex
pressing any antitumor activity [27]. 

In addition to host-derived suppression which may be largely ablated in 
ACIT by the cyclophosphamide, suppressor T cells, if present in the infused 
donor population, can limit the efficacy of coexistent effector cells. The 
extent to which suppressor cells contaminate a potential effector population 
is in large part dependent upon the source of donor cells and the method 
used for generating or purifying immune cells. For example, during in vitro 
sensitization in mixed lymphocyte tumor cultures, not only are effector cells 
for immunotherapy generated, but a population of nonspecific suppressor T 
cells is induced [72]. These culture-induced suppressor cells have been 
shown to inhibit allogeneic and tumor-specific immune responses in vitro, 
and, if inoculated with immune effector cells, diminish the therapeutic 
activity in ACIT [72]. 

Another source of suppression may be immunologic circuits involving 
interactions between host and donor cells. Such circuits can provide an 
autoregulatory function to limit the magnitude of an immune response and 
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the size of the pool of effector cells and thus may significantly modify the 
efficacy of adoptive immunotherapy. Although not yet studied in tumor 
systems, such a feedback suppression circuit in which effector cells induce 
suppressor cells has been shown to severely limit the adoptive transfer of 
immunity to sheep RBC [7 - 9]. The T cell subsets involved in this circuit 
can be distinguished by selective expression of Qal and Lyt antigens. Helper 
T cells are composed of Lyt I + 2 - Qal + and Lyt 1 + 2 - Qal- cells. After 
activation by antigen, the immune Lyt 1 +2 - Qal + subpopulation can both 
mediate a helper function and induce a subpopulation of naive Lyt 1 + 2 + 

Qal + cells to provide feedback suppression of the helper T cell response by 
either amplifying or becoming Lyt 1 - 2 + suppressor cells [7 - 9]. Potentially, 
such immunoregulatory circuits could have great impact on the efficacy of 
adoptive immunotherapy - negative feedback limiting expansion of the 
number of effector cells might partially explain the lack of efficacy observed 
when treating large tumor burdens with only immune cells. 

Thus, suppressor cells which interfere with tumor therapy can be of host 
origin or donor origin, or may result from interactions between host and 
donor cells. Although the nature of the suppressor cell and the mechanism 
of inhibition may vary depending on the tumor and type of immune res
ponse being examined, suppression of tumor immunity represents a major 
obstacle to immunotherapy. Development of methods to abrogate suppres
sion should not only enhance the efficacy of immune cells under conditions 
in which immunotherapy has demonstrated activity, but permit detection of 
therapeutic potential in situations for which immunotherapy has had no 
apparent benefit. 

2.3.5 Contributions of host cells and donor cells to tumor immunity 
The outcome of adoptive immunotherapy reflects potentially complex 

interactions between host and donor cells and the tumor target. At the sim
plest level, the effector cells would all be provided by the donor and the host 
would not contribute to tumor lysis. However, host-derived suppressor cells 
can interfere with transferred donor immune cells [16,23, 27], and theoreti
cally other cells of host origin might positively influence the outcome of 
tumor therapy. The potential for a positive host contribution to tumor era
dication by ACIT is suggested by both the demonstration that transferred 
Lyt 1 + 2 - donor T cells are effective in therapy despite lacking cytolytic 
activity and thus must recruit or interact with a host-derived lytic cell [61], 
and the observation that a prolonged period of time after cell transfer is 
required for tumor eradication [40]. Thus, optimal tumor therapy may 
require not only deletion of host and donor-derived suppressor cells but 
proper orchestration of host and donor-derived effector cells. 
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Recent studies in our laboratory have begun to analyze the contributions 
of host and donor cells to tumor eradication [76]. To distinguish host T 
cells from donor T cells, mice congenic at the Thy locus were used. The two 
strains of mice utilized, C57BLl6, denoted B6, and congenic B6.PL(74NS), 
denoted B6/Thy 1.1, are genetically identical except for the Thy locus, at 
which the mice are respectively Thy 1.2 and Thy 1.1. B6 mice are low 
responders to Thy antigens and no immune response to disparities at the 
Thy allele between host and donor was detectable in our adoptive therapy 
studies [77] . 
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Figure 3. Persistence of donor cells in the host after ACIT. C57BLl6 mice, which are denoted B6 
and express Thy 1.2 on their T cells, and congenic B6.PL(74NS) mice, which are denoted B6/1.1 
and express Thy 1.1 on their T cells, were used as hosts and/or donors in these experiments. 
Host mice were inoculated with 5 x 106 FBL-3 on day 0 and treated on day 5 with cyclophos
phamide plus 2 x 107 spleen cells from immune syngeneic or congenic donor mice which had 
been primed and boosted in vivo with irradiated FBL-3. Mice were sacrificed 120 days after 
curative tumor therapy, and the spleen cells were placed into suspension, labelled with fluores
ceinated aThy 1.2, and analyzed on the fluorescence-activated cell sorter. The data is plotted 
with log fluorescence on the x-axis, size on the y-axis, and cell number on the z-axis. The upper 
left hand graph represents aThy 1.2 labelled spleen cells from B6 hosts that had been treated 
with immune B6 donor cells (i.e. both host and donor T cells are Thy 1.2); the upper right-hand 
graph represents aThy 1.2 labelled spleen cells from B6/1.1 hosts that had been treated with 
immune B6/1.1 donor cells (i.e. both host and donor T cells are Thy 1.1), and the lower graph 
represents aThy 1.2 labelled spleen cells from B6/1.1 hosts that had been treated with immune 
B6 donor cells (i.e. host T cells are Thy 1.1 and donor T cells are Thy 1.2). 
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To determine if donor cells persist, host mice bearing disseminated FBL-3 
tumor were treated with cyclophosphamide plus a curative dose of immune 
cells from syngeneic or congenic donors. Cured mice were sacrificed 120 
days after therapy, and suspensions of spleen cells were labelled with fluor
esceinated anti-Thy 1.2 and examined on a fluorescence-activated cell sort
er, as shown in Figure 3 [76]. Spleen cells obtained from B6 hosts 120 days 
after therapy with CY and cells from immune syngeneic B6 donors, so that 
both host and donor cells were Thy 1.2, contained a large population of 
fluoresceinated, Thy 1.2 + medium-sized T cells. This distribution of spleen 
cells from cured mice appeared identical to the distribution of spleen cells 
obtained from normal B6 mice. Spleen cells from B6/Thy 1.1 hosts treated 
with cells from immune syngeneic B6/Thy 1.1 donors, so that both host and 
donor T cells were Thy 1.1, exhibited a similar size distribution, but did not 
label with fluoresceinated antibody to Thy 1.2 since no Thy 1.2 + cells were 
present in the spleen. By contrast, spleens from B6/Thy 1.1 host mice cured 
with immune congenic B6 donor cells, so that host cells were Thy 1.1 and 
donor cells were Thy 1.2, contained a small population of cells reactive with 
fluoresceinated antibody to Thy 1.2. These persistent donor cells comprised 
0.4% of the total spleen population. Thus, 120 days after curative ACIT, 
although the majority of splenic T cells were of host origin, a small fraction 
of residual donor T cells was present. 

The immune reactivity of these congenic host and donor cells present 120 
days after treatment of FBL-3 with ACIT was examined [76]. Spleens were 
removed, depleted of either host or donor T cells by incubation with the 
appropriate antibody and complement, sensitized for 5 days in vitro with 
syngeneic FBL-3 leukemia cells or allogeneic BALB/c cells, and the cyto
toxic reactivity measured (Table 1). B6 hosts previously treated with B6 
cells immune to FBL-3 generated a specific cytotoxic response to FBL-3, 
and a primary allogeneic response to BALB/c. Since both donor and host 
cells were Thy 1.2, depletion of Thy 1.2 cells abrogated both responses 
whereas treatment with aThy 1.1 had no effect. Spleen cells from B6 hosts 
treated with B6/Thy 1.1 donor cells immune to FBL-3 generated normal 
cytotoxic responses to tumor and alloantigens. Removal of host T cells with 
anti-Thy 1.2 ablated the allogeneic response but had little effect on the 
antitumor response, whereas removal of donor cells with anti-Thy 1.1 near
ly ablated the antitumor response but had little effect on the allogeneic res
ponse. Thus, the small population of residual donor T cells, as demon
strated by quantitative analysis on the cell sorter 120 days after therapy, 
represented a minor fraction of the immunologically competent T cells but 
the majority of tumor-reactive T cells present in the host. Since this assay 
system only examines the function of amplifier and cytotoxic T cells, it is 
conceivable that there are functional subsets of tumor-immune T cells of 
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Table I. Functional analysis of splenic T cells in host mice cured of disseminated leukemia by 
ACIT. 

CTL generation test culture Per cent 
Specific lysis d 

Source of T cell Stimulator C 

responder cells· depletion b FBL BALB/c 

B6 hosts treated with FBL 35 0 
B6.FBL donor cells BALB/c 0 35 

B6 hosts treated with aThy 1.2 FBL 0 0 
B6.FBL donor cells +C BALB/c 0 0 

B6 hosts treated with aThy l.l FBL 39 0 
B6.FBL donor cells +C BALB/c 0 44 

B6 hosts treated with FBL 43 0 
B6/Thy 1.l.FBL donor cells BALB/c I 48 

B6 hosts treated with aThy 1.2 FBL 42 1 
B6/Thy 1.l.FBL donor cells +C BALB/c I 9 

B6 hosts treated with aThy 1.1 FBL 9 0 
B6/Thy 1.1.FBL donor cells +C BALB/c 0 35 

a Responder spleen cells were obtained on day 125 from C57BU6 hosts (B6), which have Thy 
1.2 + T cells, that had received 5 x 106 FBL-3 on day 0 and were cured of disseminated FBL-3 
leukemia by treatment on day 5 with 180 mg/kg of cyclophosphamide and 2 x 107 spleen cells 
from B6 donors immune to FBL-3 (B6.FBJ or spleen cells from immune congenic donors 
(B6/Thy l.1 aFBJ which have Thy l.l + T cells. On day 125, these ACIT-treated hosts were 
healthy and free of tumor. 

b Prior to culture the designated responder cells were incubated for I hour with either mono
clonal aThy 1.2 plus complement or monoclonal aThy 1.1 plus complement to deplete T cells 
of the appropriate phenotype. 

c 60 x 106 responder cells were cultured for 5 days with either 3 x 106 )I-irradiated syngeneic 
FBL-3 tumor stimulator cells or 15 x 106 )I-irradiated allogeneic BALB/c spleen cells. 

d Effector cells obtained after 5 days of in vitro sensitization were tested in a 4-hour chromium 
release assay for cytotoxicity to labelled syngeneic FBL-3 tumor or allogeneic BALB/c Con 
A-induced blast cells at an effector-to-target ratio of 20:1. 

host origin which are present but not being identified. However, the data 
suggest that the host generally does not provide effector T cells for partici
pation in tumor lysis following ACIT. Further studies under conditions in 
which the absolute number or specific functional type of donor cells is lim
ited will be necessary for defining if the host can potentially provide T cells 
which participaie in tumor eradication. 
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3. GENERATION OF EFFECTOR CELLS FOR TUMOR THERAPY 

Immunotherapy with adoptively transferred cells is predicated on the 
existence of methodologies for generating adequate numbers of therapeuti
cally active effector cells. Most of the early studies of immunotherapy util
ized immune syngeneic lymphocytes, obtained from normal donors which 
had been sensitized in vivo with tumor cells, as a prototype of what might be 
accomplished with appropriately selected and amplified autologous lympho
cytes obtained from the tumor-bearing host. However, eventual application 
of immunotherapy to the clinical setting will require methods for generating 
effector cells by in vitro sensitization, since exposure of a normal syngeneic 
donor if available (i.e. identical twin) to tumor cells or extracts might pose 
unacceptable risks, and augmentation of the tumor immunity of the tumor
bearing host by in vivo sensitization may not be feasible due to the presence 
of factors such as tumor-induced suppressor cells [17] and blocking fac
tors [18] which limit expansion of the effector population. In vitro sensiti
zation should not only provide a means of bypassing the mechanisms which 
interfere with induction of effector cells in vivo, but should also permit ana
lysis of all the end-products of sensitization, with subsequent selection for 
therapy of only the subpopulations of cells which have a beneficial effect in 
vivo. Therefore, much effort has been dedicated to developing methods and 
defining optimal conditions for in vitro sensitization of lymphocytes to 
antigens expressed on syngeneic tumor cells. 

3.1 Primary in vitro sensitization 
Primary in vitro sensitization provides a means for rendering immunolog

ically naive lymphocytes specifically immune to tumor antigens. Such im
munization of naive lymphocytes which have never been exposed to tumor 
antigens might reflect the situation with lymphocytes obtained for sensitiza
tion and subsequent use in therapy from a host bearing only a small local 
tumor or a tumor growing in an immunologically privileged site, as well as 
lymphocytes obtained from a normal syngeneic donor. Primary in vitro sen
sitization has been difficult to accomplish, in part due to immunologic con
siderations such as the more complex antigen presentation requirements for 
generating a primary rather than secondary response [78], and in part due to 
technical considerations such as problems establishing optimal in vitro con
ditions due to difficulties demonstrating sensitization since the response is 
of low magnitude and the assay systems are relatively insensitive. Neverthe
less, primary in vitro sensitization of T cells to some tumor antigens has 
been achieved by a variety of techniques, including culture on antigen-fed 
macrophages [79, 80], on tumor monolayers [81], and in mixed lympho
cyte-tumor suspensions [36, 82, 83]. Documentation of in vitro sensitization 
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has been accomplished largely by measurement of direct in vitro cytotoxic
ity [84) and prevention of tumor growh in vivo following adoptive transfer 
to nonimmune mice [85, 86). 

The ability of lymphocytes primed in vitro to eradicate an established 
tumor has been examined in only a few murine models. Lymphocytes cul
tured with Lewis lung carcinoma cells and injected into mice after surgical 
removal of the primary 3LL tumor inhibited the development of pulmonary 
metastases [29], and lymphocytes cultured with the chemically-induced leu
kemia EL-4 eradicated established tumor when inoculated as an adjunct to 
chemotherapy [36]. In the previously described ACIT models, primary in 
vitro sensitization was shown to be a potential means for generating specif
ically immune effector T cells for therapy of two non-crossreactive tu
mors [87]. 

The few published positive studies demonstrating the generation of effec
tor cells for tumor therapy by primary in vitro sensitization can no doubt be 
matched by many more unpublished as well as published negative stu
died [88]. Analysis of the cell populations generated by primary in vitro 
sensitization has permitted identification of some of the major problems, 
such as the small magnitude of the immune response with induction of only 
a limited number of effector cells, and the generation of suppressor cells 
during in vitro culture which interfere with the in vivo efficacy of the con
currently generated effector cells [72, 86]. However, the studies do suggest 
that, with appropriate techniques for selection and expansion of effector 
cells, primary in vitro sensitization represents a potential means of generat
ing the requisite effector cells for tumor therapy. 

3.2 Secondary in vitro sensitization 
Progressive growth of immunogenic tumors despite evidence of concom

itant tumor immunity has suggested not only that modulation of host 
immune reactivity in vivo might facilitate tumor rejection, but also that the 
tumor-bearing host might be a source of primed lymphocytes which, if 
appropriately amplified and selected, could be reinfused as a form of tumor 
therapy. Secondary in vitro sensitization of primed lymphocytes can gener
ate strong, easily detected immune responses and has been shown to 
increase the number of antitumor effector cells [89]. Thus, removal of lym
phocytes from a host bearing an immunogenic tumor, followed by in vitro 
sensitization and infusion back into the host, should be useful in situations 
in which the absolute number of effector cells is a limiting factor for tumor 
elimination. 

Secondary in vitro sensitization of cells primed in vivo has been accom
plished with many tumors using a variety of in vitro culture techniques [84]. 
Although in most studies sensitization was documented by enhancement of 
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in vitro cytOtOXICIty or increased actiVIty in tumor neutralization as
says [90], secondary in vitro sensitization has been shown to render primed 
cells more effective in therapy of established tumors in several models 
including a rat fibrosarcoma [42] and a murine mastocytoma [91]. Moreov
er, the therapeutic efficacy of cells from secondary mixed lymphocyte-tumor 
culture has been extensively studied in ACrT of disseminated FBL-3 leu
kemia. These studies have shown that in vivo primed cells can be rendered 
more cytotoxic in vitro and more effective in ACIT by secondary in vitro 
sensitization [92], that enhancement of the therapeutic efficacy of in vivo 
primed cells by secondary in vitro sensitization is dependent upon the 
method of priming and cannot be predicted by results of in vitro cytotoxicity 
or in vivo tumor neutralization assays [92], and that the generation of cells 
expressing in vitro cytolytic reactivity and cells expressing in vivo therapeutic 
efficacy exhibit disparate time courses during in vitro sensitization, implying 
different cell requirements and/or regulation for these two effector func
tions [53]. The precise effector cell operative in ACIT being induced and/or 
expanded during in vitro culture has not yet been identified. Although 
secondary in vitro sensitization increases CTL number and reactivity [89], 
this does not necessarily imply that the therapeutic efficacy of cells gener
ated by secondary in vitro sensitization is due to transfer of CTL. Analysis 
of the cells generated by in vivo sensitization has revealed that the major 
effector cell for ACIT is a noncytolytic Lyt 1 + 2 - T cell [61]. Moreover, in 
immunotherapy of an established rat sarcoma with cells generated by secon
dary in vitro sensitization, the effector cell operative in vivo was derived 
from the pool of noncytolytic T cells rather than CTL [26]. Thus, further 
studies will be needed to determine if CTL, either in very large number or 
by repeated infusion, can facilitate eradication of established tumors. 

Analysis of the end products of sensitization and the efficiency of effector 
cell generation has identified many of the problems associated with the use 
of secondary in vitro sensitization as a means of generating cells for tumor 
therapy. Firstly, primed cells obtained from tumor-bearing hosts may con
tain suppressor cells which limit the generation or activity of effector cells. 
Such suppression may be due to macrophages [43] or T cells [17]. Secondly, 
suppressor T cells may be generated during the course of secondary in vitro 
sensitization which interfere with the therapeutic activity of effector T 
cells [72]. These problems should be successfully resolved with definition of 
optimal culture conditions and identification and positive selection of the 
subset of cells responsible for in vivo therapy. However, the major limitation 
elucidated by these studies, which has required the development of new 
culture techniques as described below, is the inefficient expansion of abso
lute effector cell number accomplished by secondary in vitro sensitization. 
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3.3 Expansion of effector cell number by culture with Interleukin 2 (IL 2) 
Tumor eradication by adoptive immunotherapy requires the infusion of 

large numbers of effector cells. With the standard culture conditions used 
for in vitro sensitization, only minimal increases in the total number of 
effector cells occurs, in part due to progressive cell loss during culture [89]. 
Therefore, a variety of organic and inorganic compounds have been added 
to the culture medium in an effort to identify reagents which promote cell 
survival and selective expansion in vitro of antigen-reactive cells. Several 
cytokines (i.e. secreted cell products) and in particular one Iymphokine, 
Interleukin 2 (IL 2), have been recently identified and purified, and have 
exhibited great potential for enhancing the efficacy of sensitization and aug
menting the expansion of effector cells during in vitro sensitization. 

The T cell growth factor IL 2 is a soluble protein produced by Lyt I + 2-
amplifier T lymphocytes following interaction with mitogens or antigens 
and macrophages [93, 94]. IL 2 binds selectively to activated T cells and 
addition of this Iymphokine to cultures containing antigen-activated lym
phocytes induces continued proliferation of stimulated T cells [95, 96]. 
Since the cells proliferating in response to IL 2 become dependent upon 
exogenous IL 2 for survival, large numbers of specifically activated helper 
and cytotoxic T cells have been generated and maintained in vitro in cul
tures continually supplemented with IL 2 [97 - 99]. Addition of IL 2 to 
mixed lymphocyte tumor cultures has been shown to enhance sensitization 
to tumor antigens - thus rendering weak responses more easily detecta
ble [43, 91], and tumor specific cytotoxic T lymphocytes cultured for pro
longed periods in IL 2 have been shown to inhibit the growth of syngeneic 
tumor when inoculated concurrently in a Winn assay [100]. 

The in vivo efficacy and specificity of tumor-specific T cells expanded by 
culture in IL 2 have been examined in ACIT [101]. Primed lymphocytes 
were activated by culture with tumor cells for 7 days, and induced to prol
iferate further by addition of IL 2. At day 19, such cells displayed greater 
than seven-fold numerical expansion and retained specificity for the tumor 
antigen as determined by in vitro cytotoxicity. Moreover, such cells exhi
bited specificity and dose-dependent efficacy in ACIT of two non-crossreac
tive tumors [101]. The phenotype of the effector cell generated by long-term 
culture in IL 2 which is operative in ACIT of disseminated leukemia and 
the mechanism of action in vivo have not yet been determined, but these 
effector cells did demonstrate altered kinetics of tumor elimination and 
relative resistance to y-irradiation when compared in ACIT to noncultured 
immune cells [102]. 

Therapy with IL 2 dependent cultured T cells is potentially limited by 
problems sucn as short survival and abnormal trafficking patterns in 
vivo [103, 104]. Infusion of exogenous IL 2 into the host may represent a 
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means of promoting survival and proliferation of these IL 2 dependent cells 
in vivo, and thus may augment therapeutic efficacy. In ACIT of dissemi
nated leukemia, the efficacy of therapy with long-term cultured cells can be 
significantly enhanced by inoculation of IL 2 into the treated hosts [105] . 
The mechanism of action of IL 2 in this setting remains to be elucidated, 
but the demonstration that exogenous IL 2 can have activity in vivo may 
prove to be of general importance in immunotherapy. Pharmacologic doses 
of this lymphokine may potentially supplement or substitute for transfer of 
noncytolytic Lyt 1 +2- T cells, which are active in tumor therapy possibly 
due to the production of IL 2 in vivo by amplifier cells [61, 93]. Although 
further studies will be necessary to identify all the possible roles of IL 2 and 
long-term cultured cells in immunotherapy, these studies have suggested 
that methods for augmenting even weak immune responses to syngeneic 
tumors may become readily available, and that generation of effector cells 
in adequate number for therapy need not remain a major obstacle to the 
eventual clinical application of these therapeutic approaches to the treat
ment of human tumors. 

4. ADOPTIVE IMMUNOTHERAPY WITH ALLOGENEIC LYMPHOCYTES 

Allogeneic lymphocytes can readily lyse tumor cells in vitro and can prev
ent allogeneic tumors from growing in vivo through recognition of histocom
patibility antigens. Attempts to utilize this antitumor activity of alloreactive 
cells for the treatment of established tumors by adoptive transfer of allo
geneic lymphocytes have been impeded by two major obstacles - excessive 
host toxicity due to reactivity of donor cells with normal host tissues and 
limited therapeutic efficacy due to rejection of donor cells by the host. 
However, clinical studies have already suggested that, despite these obsta
cles, allogeneic adoptive therapy has sufficient therapeutic potential to war
rant further study in preclinical animal models. Following human allogeneic 
bone marrow transplantation for the treatment of acute leukemia, the risk 
and incidence of leukemic relapse is significantly diminished in patients 
with graft-versus-host disease (GVHD) as compared to patients with no 
GVHD [13, 14]. The therapeutic benefit observed in patients exhibiting 
GVHD is presumably the result of a graft-versus-tumor (GVT) effect me
diated by the transplanted allogeneic cells. 

Allogeneic adoptive therapy has some practical and theoretical advan
tages, particularly in settings in which tumor cells may not be highly immu
nogenic or in which the alloreactive effector cells could be delivered in 
relative proximity to the tumor target. Sensitization to alloantigens ex
pressed on tumor cells would be easier to accomplish than to tumor-specific 
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antigens, since many alloantigens are highly immunogenic and tumor cells 
which may be direclty suppressive or poor stimulators need not necessarily 
be used as the sensitizing cell. Perhaps more importantly, alloreactive cells 
would be capable of recognizing a variety of antigenic determinants on 
tumor cells, depending upon the nature and extent of the histocompatibility 
disparity between donor and host, and thus would not require that all tumor 
targets express the unique tumor-specific antigens. 

The extent of histocompatibility disparity between host and donor cells 
should in part determine the in vivo activity of infused allogeneic cells. Cells 
obtained from allogeneic donors matched at the MHC would be expected to 
persist longer and induce more limited acute toxicity in the host than MHC 
incompatible donor cells, since minor antigens are less immunogenic than 
MHC antigens to the host immune system and have a more limited distri
bution on host target cells. The potential for using normal differentiation 
antigens or minor histocompatibility antigens present on tumor cells as tar
gets for immunologic attack has been well demonstrated in animal models. 
For example, treatment of mice bearing a T cell lymphoma with monoclon
al antibody to the Thy 1.1 antigen resulted in a significant reduction of 
tumor mass [12], and treatment of rats bearing a T cell lymphoma with 
lymphocytes obtained from allogeneic MHC-identical donors immune to 
determinants on normal host lymphocytes resulted in a significant prolon
gation of survival [106]. 

The efficacy of allogeneic cells in the therapy of established leukem:,,"3, 
lymphomas and sarcomas has been demonstrated in several experimental 
animal models [32, 36, 39, 106-111]. In most of these models the hosts 
were treated with high dose chemotherapy and/or radiotherapy not only to 
reduce the tumor burden, as required for syngeneic adoptive therapy, but 
also to either ablate or severely suppress the host immune system so as to 
prevent rapid injection of the infused allogeneic cells. Although the effector 
cell requirements and immunologic mechanisms responsible for tumor 
elimination still require elucidation, several fundamental principles have 
emerged from these studies. MHC-compatible cells were generally more 
effective and less toxic than MHC-incompatible cells. Sensitization to nor
mal host histocompatibility and/or differentiation antigens prior to adoptive 
transfer rendered unprimed allogeneic cells more effective in tumor thera
py [106,112]. Eradication of the tumor after cell transfer required a mini
mum of several days, and persistence of donor cells in the host during this 
time period was mandatory [107, 108, 111]. Thus, allogeneic donor cells can 
recognize host tumor cells in vivo, and donor cells which persist after cell 
transfer can mediate a therapeutic antitumor effect. 

The efficacy of the GVT effect observed in these therapy models was not 
correlated with the severity of the induced GVHD [112,113]. However, 
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hosts generally needed to be severely immunosuppressed in order to permit 
donor cells to mediate an antitumor effect, and early intervention to prevent 
the development of fatal GVHD was generally required. Rescue from 
GVHD was accomplished by in vivo depletion of allogeneic donor cells 
using techniques such as infusion of alloantiserum, chemotherapy, radio
therapy, or infusion of syngeneic lymphocytes to reject the allogeneic cells. 
Unfortunately, since rescue was generally ineffective once GVHD was man
ifest in the host, methods to eliminate donor cells were usually initiated 
shortly after cell transfer and before any antitumor effect or toxicity was 
detectable. This apparent necessity for early eradication of all donor lym
phocytes prior to knowing whether the desired antitumor effect has been 
completed has emphasized the importance of defining the kinetics, mechan
isms, and effector cells responsible for both tumor elimination and GVHD 
following transfer of allogeneic cells. At the present time it is unclear wheth
er tumor lysis and GVHD are mediated by the same effector mechanism. 
The effector cell required for tumor elimination by syngeneic adoptive ther
apy is a non cytolytic Lyt 1 +2- donor T cell [61], whereas the effector cell 
required for expression of GVHD following allogeneic marrow transplanta
tion across minor histocompatibility differences is a potentially cytolytic Lyt 
1 ±2+ donor T cell [114]. Thus, it is conceivable that allogeneic donor cells 
can be manipulated to promote the antitumor activity and diminish the 
toxicity to the host. 

The generation of immune cells for allogeneic adoptive therapy is less 
problematic than for syngeneic tumor therapy. For therapy across MHC bar
riers, strong primary in vitro responses are easily generated. For therapy 
with allogeneic MHC identical cells, effector cells recognizing minor histo
compatibility antigens can be generated by primary in vivo and secondary in 
vitro sensitization of donor cells to host normal lymphocyte stimulator 
cells [115]. However, since this latter method would require in vivo expo
sure of the donor to host cells potentially contaminated by tumor cells or 
genomic material, the generation of T effector cells to minor histocompati
bility antigens by primary in vitro sensitization may be preferable. This 
requires using in vitro techniques to abrogate the influence of suppressor 
cells and augment the activity of helper cells [116, 117]. One additional 
approach for generating alloreactive effector cells for tumor therapy needs to 
be explored. Using techniques analogous to those described in Section 3.3 
for expansion of syngenic effector cells by culture with IL 2, it should be 
possible to amplify and clone IL 2 dependent populations of alloreactive 
cells following in vitro sensitization to minor histocompatibility antigens. 
Such cloned populations could be screened against a panel of host target 
cells, and only those clones which recognize determinants expressed on the 
tumor cell but with limited tissue distribution would be selected for use in 
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therapy. This selection process should permit enhancement of the antitumor 
reactivity and reduction of the toxicity to the host. Moreover, IL 2 depen
dent alloreactive cloned cells survive only briefly in vivo without exogenous 
IL 2 and should be unable to induce a persistent GVH response. Since such 
cells may therefore have minimal toxicity to the host, it may be possible to 
prolong the in vivo survival and facilitate the antitumor activity of cloned 
alloreactive cells by inoculation of pharmacologic doses of IL 2 into the host 
until such time as toxicity becomes limiting [105]. 

These studies strongly suggest that allogeneic adoptive tumor therapy has 
potential beyond that already observed with allogeneic bone marrow trans
plantation. Although transfer of allogeneic cells may be toxic to the host, 
such cells exhibit unequivocal therapeutic activity. The obvious challenge is 
to identify means of augmenting the GVT effect and decreasing the GVHD 
so that allogeneic therapy can become a clinically useful modality for the 
treatment of established tumors. 

5. CONCLUDING REMARKS 

In this chapter the experimental and theoretical basis for the use of adop
tively transferred immune T cells for the therapy of established tumors as 
elucidated by animal models has been reviewed. In general, adoptive trans
fer of immune T cells as the sole form of therapy has been ineffective, in 
large part due to physical and immunologic consequences of a large tumor 
burden. However, following cytoreductive therapy of the host with surgery, 
radiation, or chemotherapy, transferred immune cells can be shown to 
mediate a potent and potentially curative antitumor effect. Complete tumor 
eradication requires transfer of specifically immune, MHC-restricted T cells 
that mediate a prolonged antitumor effect in vivo. Surprisingly, the requisite 
donor effector cell for syngeneic immunotherapy appears to be a noncyto
lytic T cell which must induce other cells of host and/or donor origin to lyse 
the tumor cells. Donor immune cells must proliferate and persist in the host 
after cell transfer and are subject to suppression and immunoregulation after 
adoptive transfer. 

Translation to human tumor therapy of the insights derived from study
ing the mechanisms of tumor eradication by adoptive immunotherapy in 
animal models is largely dependent on the suppositions that human tumor 
cells express surface antigens which can serve as targets for immunologic 
attack, and that lymphocytes recognizing these antigens can be generated in 
sufficient quantity for adoptive transfer. Using modern in vitro technology, 
it is now possible to activate antigen-reactive cells by in vitro sensitization, 
and, with the addition of IL 2, a T cell growth factor, even weak immune 
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responses can be augmented so that large numbers of clonally-expanded 
antigen-specific T cells can be generated. Such long-term cultured IL 2 
dependent T cells have been shown to function in adoptive therapy of esta
blished tumors in animal models. Adaptation of this technology should per
mit both detection of autologous lymphocytes from a cancer patient which 
recognize tumor-associated antigens on the autochthonous tumor, and ex
pansion of such tumor-specific T cells, if present, to sufficiently large num
bers for reinfusion in adoptive therapy. The generation of effector cells for 
human tumor therapy should be further enhanced by improved methods of 
distinguishing lymphocyte subpopulations, since sensitization should be 
improved by deletion of suppressor cells and positive selection for the 
desired effector cel1s and necessary accessory and/or helper cells. 

Unfortunately, it is possible that many human tumors will neither be 
immunogenic nor express unique tumor-associated antigens, and thus 
would not be amenable to therapeutic approaches requiring tumor-specific 
effector cells. However, minor histocompatibility and differentiation antig
ens on tumor cells can serve as alternative targets for immunologic attack by 
allogeneic cells. Transferred alloreactive cells have already been demon
strated to mediate an antitumor effect in both animal models and human 
allogeneic bone marrow transplantation, but such cells recognize normal 
host cells and can induce significant toxicity. Although further studies into 
methods to promote the antitumor activity and diminish the antihost activ
ity of transferred alloreactive cells will be necessary, allogeneic adoptive 
therapy holds great promise as a modality for treating established tumors. 

During the past decade the rationale for the use of adoptively transferred 
lymphocytes for tumor therapy has been demonstrated, animal models to 
examine the biologic principles have been established, and many of the 
prerequisites for and obstacles to therapeutic efficacy have been identified. 
Although it is unclear precisely how these approaches will be translated to 
the clinical setting, it seems likely that methods which harness the immune 
system to promote tumor eradication will become an important part of the 
therapeutic armamentarium for the treatment of human malignant dis
ease. 
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natural killer (NK) activity and, 48, 54, 57-

58 
tumor development and, II 
tumor specific antigens and, 108 

MHC antigens, 133 
Milk fat globule antigens, 188-189 
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Rhabdomyosarcomas, 91 
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229,285 
Sjogren's syndrome, 24 
Skin tumors 

immunodepression and, 7-10 
immunoglobulin levels in, 221 
immunological surveillance (IS) and, 21 
in nude mice, 33-35 
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adoptive transfer of, see Adoptive immuno-

therapy 
cellular immunity with cultured, 144-149 
cytotoxic (CTL), 233 
delayed type hypersensitivity (TDTH) effec

tor cells with, 112, 113-11 4 
differentiation antigens with, 274, 277, 279 
effector cells in tumor rejection and, 110, 

112 
E-rosette forming cells (E-RFC) reaction in, 
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