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SUMMARY

Two model systems for the development of cancer immuno-

therapy have been investigated:

(1)

(i1)

In vivo destruction of tumor cells by an indirect cell-

medigted immune mechanism

Polyoma cells coated with anti-tumor rabbit antibodies were
administered in lethal doses to C57B1/6J mice. The growth

of the tumor cells was partially or completely inhibited

in vivo by syngeneic lymphoid cells sensitized to rabbit
immunoglobulins. The phenomenon was immumologically specific.

Cytotoxic response in vitro against tumor cells

The in vitro cultures of a methylcholanthrene induced
sarcoma,MC-D, from inbred strain 13 guinea pigs with symgeneic
lymphoid cells resulted in the production of lymphoblast

like cells capable of destroying monolayers of the tumor.
Similar cytotoxic cells emerged from some primary tumor

cell cultures without the addition of lymphoid cells to the

system. The cytotoxic cells possessed some of the

characteristics of activated (thymus derived) lymphocytes.

Tt is suggested that the cells obtained from primary tumor
cultures were the progeny of tumor-sensitive host lymphocytes,
which had infiltrated the tumor tissue in vivo. The cytotoxic
cells produced in vitro were capable of partially inhibiting
the growth of tumor cells in vivo upon conjoint subcutaneous

application.
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Chapter T

INTRODUCTION +*

Foreword

From a survey of the vast literature dealing with different
aspects of research in oncology, the conclusion emerges that the
majority of experimental and human tumors are antigenic. In the
context of the concept of immunological specificity, one may
distinguish between tumors possessing cross-reacting antigens
(e.g. virus-dependent or embryonic antigens) and tumors characterized
by individually specific antigens. Viral tumors have been shown to
possess common antigenic determinants as long as identical or closely
related viruses are involved in the neoplastic transformations and
only in some infrequent cases have cross-reactions been demonstrated
among chemically-induced tumors. In addition, individual, non-
crossreacting antigens have been discovered for both types of
tumor, which might originate as a consequence of random cell
injuries; thus, "spontaneous" tumors may belong to either category.
Tt is likely that most antigenic tumors have a number of different
antigenic determinants both on the cell membrane and intracellularly,
the pathological and immunological significance of which is hardly
known. The fact that some of the antigens, including those of viral
origin which are manifested on tumors, may also be present in

(extremely) low concentration on normally functioning tissues 1is

% The bibliographical references have been listed in alphabetical
order at the end of the thesis and are identified by numbers in
brackets.



most perplexing. It is conceivable that certain of these
antigens, referred to broadly as tumor associated antigen (TAA)
will eventually prove to be characteristic of cancer cells and
the elucidation of the mechanism underlying their appearance in
higher concentration on tumor cells will obviously contribute to
the understanding of oncogenesis and may facilitate the fight
against neoplastic disease.

'Hbst immune responses, both cell-mediated and humoral
can be detected to most antigenic tumors. The welght of
experimental evidence supports the generalization that resistance
to solid tumors may be transferred with lymphoid cells, rather
than with serum, while dispersed tumors of the hemopoietic and
lymphoid system can be suppressed more readily with antibodies.

An absolute general rule, however, has as yet not been established
and it is likely that, in various phases of the tumor-host
rgactionship, host resistance is represented by different factors.
Thus, for example, it has been recently reported that solid tumors
induced by polyoma virus in rats régressed when serum containing
"unblocking' antibodies was transferred from preimmunized animals
to tumor bearing hosts (56). There are also other examples of
humoral protection against solid neoplasms as discussed later. On
the other hand, humoral antibody response to I2C leukemia of strain
2 guinea pigs could not be detected with a variety of methods;
yet, immunization was possible and even a significant therapeutic
effect could be achieved by adoptive transfer of immunity with
sensitized lymphoid cells (264). Stimulation of lymphocytes by

autologous leukemic cells from patients with acute leukemia in a



mixed lymphocyte-type culture (307) may indicate the presence of
a cell-mediated defence mechanism against lymphoproliferative
malignancies also in human. From these few examples, it is
obvious that it is hazardous to generalize at this stage of our
incomplete knowledge of the immunobiology of tumor-host relation-
ships on possible immunological strategies for tumor destruction.
Nevertheless, it seems reasonable to suggest that antigenic tumors
must find a way to overcome destruction by the host's defence mechanisms
in order to succeed. Natural or induced immunodeficiency states
of the host, immunological tolerance and enhancement,a decrease in
the density of tumor antigens or production of a non-antigenic
coat on the malignant cell surface, as well as immunosuppression
by factors elaborated by the tumor may be considered as possible
escape mechanisms.

On rare occasions tumors may reach a considerable size

and then spontaneously regress (274; 555; 763). Thus, although

the mechanism underlying these regressions is virtually unknown,

it is to be noted that among 176 adequately documented cases in

this category, there were 31 adenocarcinomas of the kidney, z9 neuro-
blastomas, 19 malignant melanomas, 19 choriocarcinomas, 13 bladder
carcinomas, 11 soft tissue sarcomas,8 osteosarcomas, 7 carcinomas of
the colon and rectum and the rest represents other neoplasms (274).
A1l tumors agsgociated with the highest frequency of spontaneous
regression have been shown to be strongly antigenic, which is

indirect, but convincing, evidence for the possible involvement of



immunclogical mechanisms in regression. Therefore, the hope, that
immunotherapy for certain types of malignancy will become

feasible in the foreseeable future is not entirely unfounded.
However, a better understanding of the immunobiology of tumor-host
relationship is urgently needed for the development of rational
methods of cancer immunotherapy in man.

In Chapter II, an attempt has been made to survey the
rapidly exploding literature of the complex field of tumor
immunclogy. Because of apparent contradictions and the lack of
uniformity of the conclusions of many different studies, and
because of the widely differing approaches used in different
laboratories, it has been a difficult task to present a cohesive
overview of the field in a reasonably concise manner. Consequently,
in parts, this Chapter may appear as a tabulation of experimental
data and theories, rather than a critical condensation of the
subject matter. However, in an attempt to provide as complete a
picture as possible of the relevant literature, the author has
taken the risk of incurring this criticism rather than exclude
some important information which has, as yet, not reached the status
of a "classical" study.

Since the central theme of this study is the possible
immunological basgis for a rational approach to the therapy of
tumors, the author felt that it was appropriate to include a chapter
on modern immunclogical concepts and methods, as they may relate to

tumor immunology. However, in view of the explosive growth of



knowledge also in this area in recent years, and in particular

in cellular immunology which appears to have a direct bearing

on destruction of tumor (target) cells, the author has encountered
similar difficulties in trying to summarize in an objective and
fair mamnner the different and, in some cases, conflicting studies.
For this reason, the chapter on Basic Immunoloéy has grown to a
greater length than originally anticipated. With consideration

to the reader not interested in or completely familiar with the
basic aspecta of immunology, this topic has been included as
Appendix I.

The scope of the present study

This study was undertaken with a view to obtaining
more information about the immunological aspects of tumor-host
relationships and in the expectation - that potential models for
cancer immunotherapy may be developed. All investigations
performed are related to two basic models: (a) in vivo destruction
of tumor cells by an indirect cell-mediated immune mechanism, and
(b) immune response in vitro against tumor cells.

(a) In vivo destruction of tumor cells by an indirect cell-

mediated immune mechanism

Edmund Klein (486) observed that regression of cutaneous
human tumors resulted if a strong inflammatory ("delayed hypersensi-
tivity") reaction was induced in the tumor foci by presumably
immunological means, using trenimon (2,3,5-tri-ethylene-imino-

(1, 4)-benzoguinone) or dinitrochlorobenzene (DNCB) as contact
sensitizers, known to elicit adoptively transferable cell-mediated

immunity. With this indirect immunotherapeutic method the



regression of as many as 110 macroscopically visible basal cell
carcinomas could be induced in patients that were resistant to
conventional treatment. Furthermore, this "immunotherapeutic"
method proved to be equally effective as the best chemotherapeutic
procedure, i.e., over 95% cures were obtained with both therapies
( 941). However, it must be emphasized that topical chemotherapy
is relatively easy, because highly effective drugs may be used
locally, that could not be administered systemically because of
their high toxicity.

The dramatic, clinical success of the therapeutic procedure
developed by Klein (941), strongly suggesting an immunological
mechanism as its basis, provided the inspiration in the present
study for the development of a model which would permit the
induction of local delayed hypersensitivity reactions in tumor
foci located in deep tissues. The basic principle of the model
is illustrated schematically in Figure 1. As indicated, immuno-
globulin molecules in this scheme play the dual role of (i) antibody
with respect to the antigen(s) on the tumor (target) cells, and
(ii) antigen with respect to the immune 'killer® lymphoid cells,
i.e., sensitized lymphocytes capable of unleashing a cell-mediated
immune reaction. The killer lymphocytes required for this model
could be produced by sensitizing syngeneic animals either to
heterologous immunoglobulins isotypic with tumor-specific antibodies
or to hapten (e.g. phenylarsonate or dinitrophenyl-) conjugates of
immunoglobuling, isotypic with isologous anti-tumor (enhancing)

antibodies.



Figure 1. PRINCIPLE OF TUMOR CELL DESTRUCTION BY AN INDIRECT
CELL MEDIATED IMMUNE MECHANISM
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In practical terms, it was envisaged that (i) tumor
specific antibodies would localize in the tumor tissue and
(i1) killer lymphoid cells transferred from donors sensitized to
immunoglobuling isotypic with these antitumor antibodies would
"home" onto the antibody-coated tumor cells and would lead on
contact with the latter to a local inflammatory, cytotoxic
reaction resulting in the destruction of the tumor cells,

It must be pointed out that, although, within the
context of this model, the cell-mediated immune resgponse is
considered to be the most important mechanism for the destruction
of malignant cells, one must not overlook the possibility of
transferring along with lymphoid cells responsible for this
manifestation of the immune response also the cellular elements
capable of producing the (whole) spectrum of antibodies
participating in the humoral response. Clearly, the immune
response, particularly in relstion to malignant cells, is far more
complex than presented with the simple framework of this working
hypothesis, which had been conceived prior to the articles
published within the last year which suggest as an alternate
immunotherapeutic model the production in the host of the, as
yet not clearly defined, "unblocking" factors (56; 403).
Nevertheless, as shown in Chapter IIT, promising results have been
obtained in this study for the partial, in vivo immune suppression
of' a virus-induced polyoma in the mouse, supporting thus the validity

of the proposed model.



(b) Immune response in vitro against tumor cells

A number of investigators have demonstrated that both
humoral and cell-mediated immune reactions may be induced in
vitro using various tissue culture systems (44; 133; 338; 722
789; 912). More recently it has been also reported that the mixed
lymphocyte reaction, which had been previously regarded as an
immunologically specific proliferation of lymphocytes in vitro in
response to foreign histocompatibility antigens, produces
effector cells capable of cytotoxic action on target cells
(391; 421; 823). Similar proliferative lymphocyte responses have
been described in mixed cultures of peripheral lymphocytes from
human patients stimulated by autochthonous tumor cells, as
revealed by the incorporation of HS—thymidine (307; 638; 843),

These recent reports prompted the second part of this
study in the expectation that methods could be developed for the in
vitro . production of lymphocytes immune to tumor antigens, which
would be able to destroy tumor cells. This working hypothesis was
also predicted on the assumption that under appropriate tissue
culture conditions, ilmmunocompetent lymphocytes would proliferate
to give a massive population of sensitized cells which would be
cytotoxic on contact with the antigenic tumor. Clearly, if one
could establish the conditions for the development of the
proposed cell-mediated cytotoxic reaction, this system would lend
itself to the investigation of various immunological factors
involved in tumor-host relationship. Moreover, this would open

up the possibility of cancer therapy by immune lymphoid cells which



can be, in principle, produced in vitro in large quantities by
modern tissue culture methods. The hope was also entertained
that immune lymphocytes could emerge from cultures of peripheral
leucocytes and tumor cells of the same patient, since one could
thus produce a population of killer cells without the usual
complications of clinical experiments of this nature due to
histo-incompatibility between the sensitized cells and the host's
tumor cells.

As demonstrated in Chapter IV, evidence was obtained
for the possibility of mounting an effective in vitro reaction
against neoplastic cells, using as a model a methylcholanthrene-
induced tumor in inbred Sewall-Wright strain 13 guinea pigs

and the corresponding syngeneic lymphoid cells.

10.
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Chapter II

TUMOR IMMUNOLOGY

Introduction

The existence of a cancer microbe was postulated as
early as 1872 by Nepveu, and this assumption was again advanced
in 1881 by Nedopil and Cripps, but these authors offered no
empirical evidence to support their contention. Thus started a
wide search for infectious agents causing eancer and by 1905 a
number of microorganisms had been suggested to have an etioclogical
role in neoplasia (896). Subsequent research, however, did not
substantiate these hypotheses. Ellermann (1908) demonstrated
first a filtrable agent in chickens capable of producing "systemic"
leuvkemia as well as solid tumors of lymphoid cells. ILater Rous
undertook a systematic search for viruses in various solid tumors
and leukemias in chickens (315) and Bittner (1940) discovered a
"milk factor'" causing mammary tumors in mice (315). Schottler and
Schottler (1934) presented epidemiological evidence in bovine
levkemia in support of an infectious etiology. It was realized,
however, that genetic factors might alsco have a role in the
disease.

An overwhelming body of evidence accumulated for over 50
years supports the view that a great variety of animal tumors are
caused by viruses and there is strong indication that a number of

human tumors also have viral etiology (3163 387; 748).



Both RNA and DNA viruses are able to induce animal
and human tumors, as summarized below (385).

(i) RWA viruses are the causative agents of avian and murine
leukemias and sarcomas.

Type C virus particles have been derived from cavian,
cricetan, bovine, feline, canine, and human leukemias and
sarcomas. In human leukemias and lymphomas type C particles have
been often detected in various tissues. Similar particles were
observed in rhabdomyosarcoma, osteosarcoma, giant cell tumors and
liposarcoma (236; 626). It was also described that when a 16 year
old girl with acute lymphoblastic leukemia recelved a bone marrow
graft from her HL-A matched brother after total body irradiation
(1000 rad), the recurrent leukemia, evident 62 days after the
marrow graft, was of male origin with XY chromosomes. Obviously
a neoplastic transformation of donated lymphoid cells took place
in vivo, possibly by a leukemogenic agent, such as virus, whiéh
could be present in susceptible donor cells, or transferred from
host to donor cells (291). Cell free extracts of human osteosarcomas
were able to induce osteosarcomas, fibrosarcomas and benign bone
tumors in Syrian hamsters by inoculating them at birth. Human
sera with positive reaction against human osteosarcomas reacted
positively also with four of five of such tumors induced in hamsters.
These findings indicate that the hamster tumors were caused by a
human virus (716).

(ii) Among the DNA viruses with oncogenic property may be listed:

Papova viruses: polyoma virusj; Shope papilloma, simian

virus 40 (8V40).
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Adenoviruses: subgroup A (types 12, 18, 31): sub-
group B (types 3, 7, 14, 21); subgroup
C (types 1, 2, 5).

Herpes viruses: the virus of Iucke's frog kidney car-
cinoma; Epstein - Barr virus of Burkitt's
lymphoma and infectious mononucleosis in
human; the virus of Marek's neurolymphomatosis
in chicken; herpesvirus hominis type 3 was
recently incriminated in the causation
of human uterine cervical carcinoma.

Epstein - Barr (EB) virus is widespread in human populations.

Infection in youth seems to result only in seroconversion, and the
antibodies acquired are associated with subsequent immunity to
infectious mononucleosis. In contrast, 15% of those who remain
seronegative as young adults develop the disease with characteristic
lympho- proliferative lesions. In Africa and New Guines where
Burkitt's lymphoma is very common, hyperendemic malaria superimposed
on a ubiquitous virus, like EB virus, might be an important environ-
mental factor. Furthermore EB virus is able to transform human
lymphoid cells in vitro with the following characteristics:

a) mnormal cell morphology is altered to a blastoid form,

b) dinfection confers the power of unlimited

proliferation,

c¢) the proliferating infected cells seem to loose

contact inhibition since they frequently grow in

relatively large clumps.
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d) when infected, the cells acquire what has been

described as a specific chromosome marker,

e) the infected cells acquire virus- determined surface

neo-antigens (269).

Samples of 249 sera derived from African donors suffering
from a variety of malignant diseases were examined for EB-virus-
related antibody levels. When divided into 3 major subgroups:
lymphoproliferative tumors, carcinoma and sarcoma, none of the
mean titers apprcached the high levels characteristic for Burkitt's
lymphoma or nasopharyngeal carcinoma. Onbreaking down the material
further into specific diagnostic or pathological subgroups, similar
low mean values were found, except for small groups of plasma cell
tumors and carcinomas of the palate (with high titers) and
osteogenic sarcoma (with moderately high titers). The data do not
support a regular association of high anti-EB-virus titers with
malignant disease in general and thus reaffirm the special position
of Burkitt's lymphoma and nasopharingeal carcinoma in this respect’
(796). Another study of similar nature revealed that EB virus
does not replicate opportunistically against a background of any
lymphoproliferative disease (349).

Moreover, because of the impressive success of vaccination
against many infectious disease, and assuming that such agents are
involved in the etiology of cancer, many workers have attempted to
cure cancer by recourse to immunological procedures. Thus, patients
with advanced neoplasia were immunized with autologous or heterologous

tumor tissue or with their extracts. Passive immunotherapy has
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been attempted with heterologous antisera produced against human
cancer tissues in animals (dog, donkey, goat, rabbit, sheep, horses),
or with fresh whole blood from leukemia and melanoma patients, and
more recently with large doses of commercial pooled human gamma
globulins, and even by intratumoral injection of Y-globulin
fractions prepared from sera of patients who had been inoculated
with autologous vaccine. For the nonspecific stimulation of the
host's defence, exbracts of spleen and other viscera, anti-
reticuloendothelial serum, BCG, various neutral polysaccharides
("Coley's toxins", "Shear's polysaccharides"), zymosan, etc. were
also used. Administration of nonspecific defence factors such as
complement, properdin or "fresh cells" (bone marrow) was also
attempted. Although in a few patients objective documentation of
tumor regression was reported, rarely, if ever was it possible
to conclude that the responses were due to immunologic mechanisms (825).
The discovery of histocompatibility antigens revealed that
most of the earlier experiments suggesting the Ilmmune destruction
of tumors in animals could be interpreted as having been due to
immunity against transplantation antigens. This resulted in complete
discredit of tumor immunology until Foley (298) demonstrated
immunity in inbred C3H-He mice to methylcholanthrene (MC) induced
sarcomas. Moreover, Prehn and Main (710) pointed out that skin
grafts were readily accepted, while MC-sarcomas were rejected after

preimmunization with syngeneic tumor tissue in various inbred
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straing of mice. Usually, different lines of MC-sarcomas did not
crossreact; however, some degree of crossreaction was observed
in later transplant generations. The next historical milestone
is represented by the work of Klein et al. (493) who showed that

immmity to murine MC-garcomas could be elicited in autochthonous

hosts and that resistance against a given sarcoms did not lead to
cross-resistance against different sarcomas induced in the same

inbred strain of mice by MC. Based on a great deal of evidence, there
is general consensus today that independent of the etiological agent
most (if not all) tumors are antigenic and therefore increasing
efforts are being made to exploit this antigenicity for therapeutic
purposes.

Tumor antigens

The subject of tumor antigens has been reviewed repeatedly
over the past decade (355; 372; 385; 489; 490; 491; 518; 660).
Initially the antigenicity of various tumors was established by
transplantation methods and hence this effect was attributed to
"tumor specific transplantation antigens” (TSTA), by analogy to
transplantation antigens. More recently, however, as reviewed later,
a number of tumor antigens have been shown to crossreact (if not to
be identical) with antigens of normal tissues present during embryonic
or even in extrauterine life and hence the term "tumor associated
antigen" has been introduced. However, since these antigens enable
in a majority of cases the host to recognize the tumor as nonself,

they will be referred to throughout this thesis as tumor antigens(TA).
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Tumor antigens are ususlly classified according to the etiology
of the tumor, e.g. antigens of chemically'induced tumors, and

TA present on tumors of viral origin. As a rule, different tumors
induced by the same virus crossreact antigenically, even when the
transformed cells belong to various animal sQecies, while chemically
induced tumors tend to have individually distiﬁct, and only
occasionally crossreacting, TA. There is a variation regarding
the specificity and strength of TA even within one group of tumors
induced by the same chemical carcinogen (866). Spontaneous tumors
of animals and man may belong to either category, including those
induced by physical agents, such as x-irradiation, ultraviolet
radiation, etc.

I. Viral and virus induced tumor antigens

RNA oncogenic viruses are usually released continuously
by the neoplastic cells and, therefore, virion antigens may be
found inside the cells where they are produced, on the cell membrane
(budding of virus particles), and also in the serum and/or other
bioclogical fluids of tumor bearing animals (Bittner's milk factor).
Two major groups of antigens may be distinguished: structural

virus antigens which are part of the mature virus and non-viral antigens.

DNA oncogenic viruses are cytocidal in certain cell types,
and the virus particles are reproduced. In other systems the replication
of these viruses suffers an early arrest. Whereas the full genome of the
virus is needed for coding for the synthesis of infectious virus
particles, only part of the viral genome is necessary for the induction
of maliénant transformation. The viral genome is integrated into the
nucleus of transformed cells and, as a rule, Papovavirus and Adenovirus

induced tumors do not produce virus, while the Herpes virus transformed
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chicken lymphoma (Marek's disease) and Burkitt's lymphoma cells may
release virus. Therefore, Eﬁpovavirus and Adenovirus induced tumors

do not contain virion antigens while Herpes virus induced tumors may

do so (8; 385; 491).

A. Antigens of RNA-virus induced tumors

(1) Group specific (gs) antigen are derived from the internal

ribonucleoprotein of the virus particles and may be released from
concentrated virus particles by tween-ether treatment or sodium dodecyl
sulphate. The gs antigen of Gross virus has an estimated molecular

weight of 35-40,000 and a sedimentgtion coefficient of 2.78. By
immunoelectrophoresis two immunologilcally identical components with
mebilities corresponding to those of @ - and B -globulins may be separated.
The antigen can be resolved into at least 2 molecular species by iso-
electric focusing and into 3 by polyacrylamide gel electrophoresis. The
antigen contains 2.5-4% nucleic acid (364). Two major components of group
gpecific antigens, gs-a and gs-b, have been isolated from avian myelo-
blastosis virus. They are single polypeptide chains; the molecular

weight of gs-ais 20,000 and of gs-b is 11,000. The tWo antigens have been
compared in terms of their amino acid analyses, tryptic peptide finger-
printing, and N-terminal sequence determinations (Figure 2), and

found dissimilar. There was micro-heterogeneity in the structure of

gs~b at residue 6; threonine and glutamic acid were found. When

residues 14-20 of gs-a are compared with 11-19 of gs-b, some similarity
occurs. Full evaluation of possible homology between the two proteins
must await elucidation of their complete sequences. The virus used

to prepare the proteins studied is known to consist of a mixture

of viruses with different subgroup antigens and different oncogenic

properties. The structural heterogeneity of gs-b could reflect



either of these factors, or some other form of viral variation not
yet identified (651). The gs antigen of avian Rous sarcoma
virus (RSV) has a sedimentation constant of 2.5 (238).

The major representatives of murine leuvkemis viruses
(Grdss, Friend, Moloney and Rauscher) share gs antigens (385), which
are present in the plasma of mice infected at birth, as well as in

naturally or artificially infected cells of various histological

Amino-terminal scquence of gs-a.
pro-val-val-ile-lys-the-glu-gly-
pro-ala-trp-thr-pro-leu-glhu-pro-
lys-leu-ile-thr-arg-leu-ala-
Amino-termiaal scquence of gs-b.
tglu! .
lew-ala-met-thi-met- 1 & ¢ ~his-lys-
1 thr
asp-arg-pro-leu-val-arg-val-ile-
leu-thr-ser-thr-gly-ser-his-pro-val-

Y

Fis. 2 o Amino terminal sequences of group specific antigens, gs-a (23 residues) and gs-b
{25 residues), obtaired by automated Edman degradation. Both threonine and glutamie acid
were present at residue 6 of gs-b.

Niall et al.;Proc. Nat.Acad.Sci.USA 67:1804,1970,
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origin (387; 679). Similarly the gs antigen is common to all
members of the avian leukosis/sarcoma virus group. Gs is found
also in RSV-induced tumors of hamsters, guinea pigs, and chickens.
RSV-induced mammalian tumors usually do not contain significant
quantities of infectious virus. Although the small amounts of
virus found in primary tumors seldom persist in transplanted
tumors, these tumors contain also gs antigen. Tt is detectable in
the nucleus, cytoplasm and cell surface of infected cells. Tt is
of iﬁterest that a large proportion of chickens that are free of avian
leukosis virus contain an antigen identical to the gs antigen (238).

Gs 3 antigen of murine leukemia viruses was also present
in cat and hamster leukemia viruses as detected by Ouchterlony
test. The major antigens of murine leukemia viruses, gs 1 and gs 2,
were absent from the cat, hamster and rat viruses. No serological
crossreaction between mammalian and avian leukemisa viruses has been
observed (320). |

When cell cultures were infected with one of the following
strains of oncogenic RNA viruses: Rauscher, Moloney, Friend
levkemia virus of mice, murine sarcoma virus (Moloney), reticulum
cell sarcoma virus of SJL/J'strain of mice, or feline lymphoma
virus, all cultures gave a positive mixed hemadsorption reaction
with titer of 1:128 or higher with anti-Rauscher leukemisa virus
(RLV) serum. Sera from 6 cats with leukemia or lymphoma (spontaneous
or induced) reduced two-fold the titer between»feline or murine

cultures and the anti-RLV serum. Similar effects were observed
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using sera of mice with Friend leukemia and of a hamster with
sarcoma induced by murine sarcoma virus (Moloney). Sera from
normal mice or hamsters had no effect. Electron microscopy
demonstrated type C virus particles and budding in all cell lines
showing a significantly high titer. These findings suggest common
antigen(s) in the cultures containing type C virus particles
derived from animals of different species (578). On the other
hand the gs antigen of mouse, hamster, cat and rat C-type viruses
each carries speciles-specific antigenic determinants.

A human cell line, ESP-1 lymphoma, which contained C-type
virus, also possessed an antigen with determinants identical to
those detected on the group-specific antigen of murine C-type
viruses. Immunological identity of mouse and human C-type virus gs
antigens was suggested as one possible explanation of these data (334).

Purified mammary tumor virus (MIV) of mice was incubated
with sera of women with breast cancer and of normal individuals,
then injected into mice susceptible to MIV. The mean incidence
of MTV infection in mice inoculated with the control serum~virus
mixture was 87% and only 69% with sera of tumor bearing patients
(P=0.02). Consequently, it was concluded that these results
indicated a viral etiology for the disease and that human and murine
viruses were closely related (152).

In another study autologous and homologous serum-cell
systems from patients with different types of leukemia, lymphoma,
osteogenic sarcoma and breast carcinoma gave positive reaction

in a number of cases even in autologous system. Sera from some
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of the patients and some of their relatives gave positive results
with cultures from leukemia, reticulum cell sarcoma and bone
tumors containing type C particles and derived from mice, rats,
hamsters and cats. The same sera were negative with embryo cell
cultures derived from animals of different species in which C particles
could not be found (237).

A shared antigen of murine and feline leukemia viruses,

designated as interspecies antigen, was also detected by complement

fixation using broadly reactive rat anti-murine leuvkemia virus
sera (786).

A1l mice, cats and virtually all chickens seem to be
completely refractory to developing antibody to the group-specific
antigens characteristic of the RNA tumor viruses of their own
species (434). A recent investigation revealed, however, that
antibody against feline gs antigen could be stimulated in the
cat (656).

(ii) Type specific (ts) antigens are derived from proteins of

the viral envelope (387). Ts viral envelope antigens are represented

at the membrane of transformed cells; subunits of the envelope are
present in the blood and may be adsorbed onto surfaces of normal
cells. Ts antigens are specific for the various strains of

oncogenic RNA viruses although some degree of crossreactivity may

be present. TFine differences between the Friend, Graffi, Moloney,
Rauscher and Rich strains of murine leukemia viruses can be
demonstrated by virus neutralization, immumne diffusion, and Lo

fluorescent antibody tests with anti-ts sera.
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Cells carrying envelope antigeﬁs of murine leukemis
viruses react with cytotoxic antibodies in the presence of
complement and undergo lysis. The cytotoxic test reveals no
significant difference between leukemic cells induced by the Friend,
Moloney or Rauscher viruses. Ieukemic cells positive for the Gross
leukemia virus antigen fail to absorb cytotoxic antibodies from
sera reacting with Friend, Moloney or Rauscher leukemia cells,but the
latter may absorb some cytotoxic antibody from sera reacting
with Gross leukemisa cells. It is possible that the Gross virus
is ubiquitous in mice and that leukemic cells or extracts of
different origin carry various degrees of contamination with the
Gross virus. Absorption of immune sera with pellets of Rauscher
or Friend virus particles removed the virus neutralizing antibodies
without significantly altering the titer of cytotoxic antibodies.
Absorption of these sera with leukemic cells resulted in the loss
of both virus neutralizing and cytotoxic antibody activities.

Ts antigens of murine leukemia viruses may be of G-type
(Gross) or FMR-type (Crossreacting antigens of Friend, Moloney
and Rauscher viruses) (385; 387; 679).

Neutralization experiments have also demonstrated complex
antigenic relationships between various avian leukosis and sarcoma
viruses. Three major subgroups may be distinguished: A, B and C.
Within each subgroup the viruses share common ts antigens, exhibit

reciprocal patterns of interference and have the same host range
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in genetically susceptible strains of chicken cells. Some strains
are the mixture of 2 types(e.g. A+ B). Considerable antigenic
diversity is seen between viruses within any one subgroup. More
than 3 subgroups may exist (238).

Many of the biological properties of avian leukosis-sarcoma
viruses depend directly on their antigenic structure, particularly

that of type specific. Type specificity determines receptor

specificity on the cell surface as revealed by interference, which
is related to genetic susceptibility or resistance of chickens
to certain strains of viruses (238).

(iii) Viruses with hybrid antigens

A defective virus, which does not have the genetic

information for the synthesis of viral envelope, although it may
induce tumors, is not released from such neoplastic cells.
Frequently the genome of the defective virus combines with the genome

of a helper virus, and in these cases the surface antigens of

the neoplagtic cells will display the antigenicity of the envelope
antigens possessed by the helper virus. For avian, murine leukemia
and mouse mammary tumor viruses the helper virus is one of the
avian and murine leukemia viruses, respectively (385).

(iv) Non-viral surface (S) antigens of RNA virus induced tumors.

For a long time it was doubtful, whether such tumors have antigens
other than structural constituents of virions. However, non-
producing tumors induced by defective viruses were detected; they
were able to induce transplantabtion immunity, although no virion

antigens were present. The Moloney virus induced XM-1 hemangiosarcoma
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in mice did not release virus but induced transpléntation immunity
(385). A nonproducer tumor induced by murine sarcoma virus Harvey
(MSV-H) in inbred hamsters behaved similarly. This tumor grew
better in x-rayed than in unirradiated hosts and killed 14/14 and
5/12 challenged hamsters, respectively. Hamsters immunized with
irradiated nonproducer tumor cells resisted challenge with viable
cells; 15/15 normal controls and O/ll preimmunized hamsters developed
tumors. Immunization of hamsters with the infectious MSV-H per se
or a producer tumor also induced resistance to the transplantation Of
a nonproducer line. Finally, no MSV-H neutralizing antibodies
were detected in sera of hamsters immunized and resisting
challenge with the nonproducer line, but were seen in the sera of
hamsters immunized with the producer line or MSV-H., The results
suggest that the nonproducing MSV-H induced tumor possesses a new
tumor antigen(s) which is not an MSV-H virion antigen but can be
induced by MSV-H (588). On the other hand the nonproducer BALB/STS
cell line; transformed in vitro by Rauscher leukemia virus, was
unsble to induce any detectable transplantation immunity in mice (835).
The Gross virus in addition to gs and ts induces another
"Gross cell surface antigen" (GCSA) and also a soluble antigen is
present in infected animals which is a nonvirion antigen possibly
derived from GCSA. Another cell surface antigen induced by the
Gross virus is Gry (G= Gross, IX=the determining gene is located
in linkage group IX), which exhibits mendelian inheritance but also

appears de novo in cells that become productively infected with
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Gross leukemia virus. GCSA is always associated with virus infection,
Gy sometimes occurs independently of productive infection. The
structural gene coding for Gyy is common to all mice, like Tla.

It is not yet certain whether either of the two segregation genes
(GIX’ Tla) belong to the murine leukemla virus genome rather than

to the cellular genome (845).

Pretreatment of mice free of mammary tumor virus (MIV)
with mammary carcinomas results in tumor immunity. In these hosts
the tumors are invariably crossreactive and the principal tumor
antigens recognized are probably those of the inducing virus and
&irus associated products. In neonatally MIV-infected C3H hosts,
which are tolerant of the virus and its associated antigens, only
a relatively small fraction of mammary carcinomas (10/42) were
immunogenic. Of 6 immunogenic tumors tested for crossreactivity,
only one pair crossreacted and only with each other. These
individually distinct tumor antigens are probably not virus
associated and represent a previously undetectable group of antigens
for virus induced tumors (905).

(v) RNA viral antigens of normal tissues and chemically induced

tumors
Infection with murine leukemia virus (Gross) which is the
wild-type leukemia virus of the mouse, in one form or another, is
virtually ubiguitous among mice. Mice with high incidence of
spontaneous leukemia (AKR, C58) have demonstrable murine leukemia
virus associated antigens in their tissues throughout life; other
mice show this sign of infection only in later life (CSHf/Bi) and

still other mice (C57Bl/6, BALB/C) rarely or never do 80, even in
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later life, but their tumors, induced or spontaneous, and also
cultures established from normal tissues of these strailns produce
virions and antigens. Murine leukemia virus antigen is demonstrable
probably in all mouse embryos at some stage of development. A
similar situation exists with RSV in chickens. These viruses may be
integrated into the genome and gs can be inherited as a mendelian
dominant (237; 845).

Antisera from hamsters with tumors induced by the Schmidt
Ruppin strain of RSV reacted in complement fixation tests with
antigens extracted from organs of chick embryos and young chickens,
Between 50 and 90% of the embryos from different flocks had the
antigen in liver, brain, intestine, kidney, lung and yolk sac.
Embryos that were congenitally infected with avian leukosis virus,
as well as embryos that were free of infectious virus, all contained
approximately the same amount and distribution of the antigen (239).

Virus-related antigens of tumors induced by 3-methyl-
cholanthrene (MC) were observed in 16 genotypically different
strainsg of mice having different natural expressions of C-type RNA
tumor virus genomes. The MC-induced tumors (a total of 302), which
were nearly all subcubaneous sarcomas of mesenchymal origin,
contained complement-fixing antigens reactive with rat antisera

selected for high-titered reactions to the group specific antigen

of the C-type RNA tumor virus. Since normal mesenchymal tissues
(muscle and subcutaneous) did not reveal gs antigen, the concurrent

activation or derepression of phenotypic expression of viral or
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viral-related antigens in many of the tumors suggest that oncogens
of C-type RNA virus genomes have served as specific determinants of
the induced cancers. Because other studies showed that the virogenes

and oncogenes of the C-type RNA viral genome are vertically transmitted

as repressed genomes, probably as part of the natural gene inheritance,
the authors hypothesized that the carcinogenic action of MC is
achieved by directly or indirectly derepressing the endogenous

RNA tumor wvirus oncogenes that must be in all mouse cells. Since
endogenous C-type RNA viruses were also demonstrated in hamsters,

rats, cabs and chickens,the hypothesis should apply to induced
carcinogenesis in other vertebrates as well (949). Similarly,
activation of mouse sarcoms virus-related antigen was also observed

in rat embryo cells transformed by polyoma virus (746).

B. Antigens of DNA virus induced tumors

(i) Tumor (T) antigen is induced by members of Papova- and

Adenoviruses. It is localized in the nucleus of transformed cells.
Identical short lived intracellular antigens are also synthesized
early during the infectious cycle of virus replication. In
malignant cells these antigens persist and remain specifically
identifiable. They are specific for the inducer virus and not

for the cell type or species in which the malignant transformation
occurs. Adenoviruses crossreact with their T antigens. T antigens
are not identical with components of the virion nor with enzymes of
DNA metablism. The formation of T antigen in lytic infection

systems can be prevented by inhibitors of RNA and protein synthesis,
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but not by DNA inhibitors. T inducing capacity of the virus is
more resistant to UV irradiation than virus infectivity. Although
T antigen is characteristically found within the nucleus, where it
seems to be associsted with RNA, 1t is also observed in the
cytoplasm. By electron microscopy it has been discerned in the form .
of groups of fibers. T antigen is heat labile and destroyed by
trypsin., In tumor bearing animals antibodies to T antigen have
been detected; these antibodies neutralized a thymidine kinase
activity, which could be the function of the T antigen (372; 385;
4525 731). Adenovirus 12 and Adenovirus 31 T antigens have
sedimentation coefficient of 2.4S and 2.93S, respectively. The
isoelectric point of the former antigen is 5.0.

(ii) Surface antigens (S,TSTA): At least some of the surface antigens

present on cells transformed by Papova and Adenoviruses are specified
by the virus and, therefore, identical if induced by the same strain
of virus and independent of the origin of the cell type converted.
Synthesis requires DNA transcription and protein symthesis. The
antigens, which are able to induce increased resistance to the

tumor are often called "tumor specific transplantation antigens"
(TSTA), while other surface antigens which are host-specified

are symbolized with S. Presently it is not possible to decide,
whether S and TSTA are identical, similar in part, or completely
different. There is some suggestion that they are not identical.
SV40 oncogenic cell lines were described which expressed either 8
antigen, T antigen and TSTA, or S antigen only. A direct correlation

was found between the absence of T antigen and TSTA and the absence
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of detectable viral mRNA and viral DNA, either active or inactive.
Some revertants of polyoma virus transformed cells, however, that
apparently lose their TSTA still express T antigen and contain
detectable mRNA. Furthermore, SV40 S-antigen may be detected in
enzyme-treated non-SV40-transformed cells. SV40 and polyoma
transformed cells were shown to crossreact with embryonic antigens
(731; 880). SV40 TSTA could not be found in nuclear or soluble
cytoplasmic fractions (820).

A soluble TSTA which was prepared from Adenovirus-12-tumors
of mice by homogenization, or freezing and thawing, followed by
centrifugation at 100,000g for 1 hr, could immunize mice against
the tumor. The immunogenicity of this extract was not affected
by heating at 3700 for 1 hr or at 56°C for 30 min, or by treatment
with DNAase and RNAase, but it was destroyed by treatment with
0.5% trypsin, lipase or phospholipase. Treabment with 0.5% sodium
deoxycholate, 0.5% sodium dodecyl sulphate or l.O% ' Tween 80
destroyed the immunogenicity of the extract as well but ether did
not. TSTA was precipitated by dialysis at pH 5.0-6.0, and was
not recoverable from the precipitate following redialysis at
PpH 7.4 (114).

The highly oncogenic group A and weakly oncogenic
group B adenovirus types all induce a common TSTA. Another TSTA
is induced by the group C viruses, while no evidence has been
obtained for the existence of any TSTA induced by group D virus

type (265 27).
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(iii) Tumor antigens induced by Herpes viruses

Iucke's frog kidney carcinoma, Marek's neurolym-
phomatosis in chickens and Burkitt's lymphoma of man are tumors
caused by Herpes viruses. Transformed lymphoid cells of both humans
and chickens were found to produce virus. Virus positive cells in
human may vary from zero to more than 1% among the malignant cells
obtained from various patients when cultured in vitro. From 14 newly
established lines only the lines carrying relatively high EB-virus
loads showed positive membrane antigen reactivity. The biopsies
from which the positive lines were derived were membrane positive,
but EB~virus negative as a rule. This suggests that the production
of the virus is suppressed in the tumor cells in vivo. Repeated
establishment of parallel lines from the same patient, derived
from successive biopsies, led to lines with fairly similar EB-
virus levels, whereas liﬁes derived from different patients were
quite different, suggesting that Burkitt's lymphoma has a clonal origin.

Intracellular and membrane antigens are present in

transformed cells. In virus producing cells virion antigens may

be found in both sites. The Yearly antigen" is an intracellular

EB-virus determinal antigen, that appears during an acute productive

or abortive infection. In addition an intracellular nucleocapsid

complex may be detected which is antigenically different from the

EB-virus determined membrane antigen,which is a non-viral antigen.

Both the membrane and intracellular antigens must be regarded as
antigen complexes with several distinct subcomponents. Soluble

EB-virus associated antigens may also be detected in patients with
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progressive tumor growth, which are frequently absent from patients
with regression (8; 408; 491).

(iv) Oncogenic DNA viruses with hybrid antigens

An oncogenic hybrid of adenovirus type 7 and SV40 has
been described. In the transformed cells an SV40 T antigen was
present, but the hybrid virus could not be neutralized by SV40
antiserum. Furthermore, nononcogenic adenovirus type 2 was observed
to acquire oncogenic potency by association with the 8V40 virus genome
(385).

C. Antigenic conversion

This term was Tirst used in referehce to the acquisition
by an established transplanted leukemia of a new specific cellular
antigen as a consequence of infection by an unrelated leukemogenic
virus., A leuvkemia line which had originally been induced by Gross
virus became permanently susceptible to cytotoxic Rauscher antiserum
after passage in mice infected with Rauscher leukemia virus. Polyoma
antigen can also be introduced into MC-induced sarcomas or Moloney
virus-induced lymphomas by superinfection with polyoma virus.
Antigens characteristic of murine leukemia agents can appear on
the surface of carcinoma or sarcoma cells of other, independent
origin, and even on normal cells, which clearly demonstrates that
the phenomenon is an event separate from malignant transformetion.
Collateral evidence will have to be sought, often on indirect lines,
in order to distinguish between these "passenger"” viruses and the

real oncogenic agents (488; 660).
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II. Antigens of chemically induced tumors

Nbsf chemically induced tumors and even tumors induced
by physical means, such as ultraviolet radiation or by implantation
of cellophane films, possess neoantigens capable of inducing
resistance of variable strength in syngeneic hosts, as demonstrated
by sensitive assay systems with graded inoculum doses. As a rule,
chemically induced tumors show an extreme, individual antigenic
specificity. Thus, several tumors induced in one host by the same
chemical carcinogen may show individually specific neocantigens.

In addition a number of "spontaneous" tumors, where a viral etiology
could not be demonstrated, were found to be antigenic both in
animals and human (490; 595).

The antigenicity of methylcholanthrene induced sarcomas
may be graded as high, moderate, or low (866), and although they
predominantly possess antigens with individual specificity,
crossreactivity was repeatedly demonstrated (7105 738; 739).

Tive out of six hepatomas induced by diethylnitrosamine in strain 2
guinea pigs were shown to be antigenic and two of these five tumors
shared common antigens (967). Iung adenomas induced by urethan in
immunosuppressed mice had also an in vitro detectable crossreacting
antigen. Tumors induced by urethan in mice with normal immunological
reactivity did not show antigenicity (189).

Hepatomas and ear duct carcinomas induced by 2-acetylami-
nofluorene in rats were shown to be generally lacking immunogenicity
as assessed by their capacity to induce resistance against transplanted
tumor cells in syngeneic rats. Where resistance could be induced,
it was only weak, as measured by the maximum tumor cell inoculum

which was rejected. The low immunogenicity of these tumors was
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also reflected by their inability to reproducibly induce tumor-
specific humoral antibody responses detectable by membrane
immunofluorescence reactions (47; 49).

Two out of seven mammary carcinomas showed antigenicity
following repeated implantation of irradiated (15,000r) tumor
grafts into syngeneic rats. Immunity could also be established
by excision of primary tumors. Induced resistance was gpecific
so that no protection was afforded against other mammary
carcinomas (48).

A cell line from C3H mouse prostate was treated in vitro
with MC and transformed to malignancy. Seventeen clones of
transformed cells were tested for their immunogenicity in C3H
mice.. Mice were immunized by production of fibrosarcomas after
injection of the individual clones; the tumors were ligated and
regressed. Cells from the same clone were used for challenge, and
the numbers of tumors produced at different cell doses were compared
with those induced in nontreated control mice. Eleven of these
clones were found definitely antigenic and only one was nonantigenic.
No crossreactivity was found within seven pairs of clones obtalned
from the same dish or within three clones derived from different
dishes. TImmunization of mice with the nommalignant control cells
did not prevent the production of tumors on induction of
transformed cells (620).

The "spontaneous" malignant conversion of C3H mouse cells

in vitro was accompanied or followed by considerable antigenic
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modifications. The development of isoimmunizing properties was
demonstrated in vivo by'tfansplantation tests and in vitro by
cytotoxicity of antisera and sensitized lymphoid cells.
Crossreactions indicating the development of common antigens
were observed in transplantation experiments with 1L-929 fibroblasts
of 4 cell lines converted "spontaneously" to malignancy in vitro,
and 4 tumors were derived from these cultures. In vitro tests
revealed crossreactionsamong 3 of these  cell lines. No evidence
was obtained supporting the suspicion that the development of
common antigenic properties was due to murine leukemia virus,
mammary tumor virus or mycoplasma (479).

Tumor antigens from single cell suspensions of two MC-
induced sarcomas in guinea pigs were solubilized by sonication,
and were shown to induce transplantétion resistance to the
corresponding tumor in syngenelc guinea pigs (4286).

Antigens of aminoazo dye-induced hepatomas of rat could
be solubilized by extraction with distilled water or by limited
papain digestion. After DEAE cellulose fractionation the material
was still too heterogeneous to allow chemical characterization.
Treatment of hepatoma cells with either papain lipase or 8
glucosidase resulted in the removal or inactivation of the tumor
specific antigen(s). However, & glucosidase, B galactosidase,
hyaluronidase, neuraminidase and/ficin did not affect the
antigenicity. These results indicate that the antigen is
associated with glycoprotein and 1lipid components of the cell

membrane (51; 52).
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ITTI. Onco-fetal antigens

A research assistant of Paul Ehrlich, G. Schone, reported
in 1906 that mice, which had been injected with fetal tissue,
acquired the capacity to reject transplants of tumor tissue which
otherwise killed non-immunized animals; adult tissue did not evoke
this response (10). Although it was suspected since then that fetal
and neoplastic tissues have common characteristics, convincing
evidence supporting this view has been provided only by recent
research demonstrating that various tumors and fetal tissues share
common antigens. The number of these antigens is rapidly increasing
and it is not unlikely that eventually most tumors will be
demonstrated to possess some kind of fetal antigen. TIn accordance

with Alexander (10) the term onco-fetal antigens will be adapted in

this survey to describe tumor antigens of embryonic specificity
(10; 344; 345),

(i) Carcincembryonic antigen (CEA). Human colonic carcinomas

were found by Gold and Freedman ( 346) to have antigens distinct

from those of the normal colonic tissue, as detected by specific
antisera produced in rabbits. This antigen could be found in
adenocarcinomas of the entodermally derived digestive system
epithelium (esophagus, stomach, small intestine, colon, rectum,
pancreas and liver) and it was also a normal constituent of fetal
digestive tissues in the first two trimesters of gestaﬁion. The

term "carcincembryonic antigen" refers to the fact, that this antigen,

which is manifested only on cells of digestive tract cancers in adults
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is present during fetal life in the same organ system. Antibody
response to CEA could also be detected by hemagglutination. The
concentration of CEA is greater in lower bowel malignancies and
the antigen was absent from primary cancers of all other tissues.
Tmmuno-electron microscopic examination revealed that CEA is
located, to a large extent, in the glycocalyx of the colonic cancer
cell surface (347). Patients harboring cancer tissue of either
colonic and rectal origin were found to have detectable levels of
circulating CEA by a radioimmunocassay (344).

Chemically, CEA is a large water soluble glyco-protein
with a sedimentation coefficient of 6-7S or 10.18 having the
electrophoretic mobility of B globulin (186; 304). The carbohydrate
moiety may be of primary importance in the antigenic determinant group.

According to the original findings, 199 of 200 patients
with cancer of elther colonic or rectal origin had circulating
CEA detectable by radioimmunocassay (345). Because of the great
potential of these observations in the diagnosis of digestive
system malignancies, these experiments were repeated by several
other workers. ILoGerfo et al. (555; 554) confirmed the presence
of elevated levels of CEA in sera of patients with cancers of
entodermal origin, but found this antigen also in patients with
breast carcinoma, lung carcinoma and prostatic carcinoma, and also
in patients with non-malignant diseases. Furthermore CEA was
found by others in ulcerative colitis, chronic liver disease, and

even in normal adult colon in low concentrations (252; 254). CEA
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was also detected by the Ouchterlony method in the feces of 5 of 10
healthy volunteers, 12 of 18 patients suffering from gastrointestinal
cancer (including 10 of 11 cases of colonic cancer) and 3 of 13
patients suffering from non-neoplastic disease (303). Zamcheck et
al. (962) found 72-97% positivity in sera of patients with cancer
of the colon. (Serumthreshold of positivity was taken at 2.5 ng
CEA/ml.). The approximate positivity was 45% in early stages, when
the tumor was limited to the bowel wall, 55% for locally invasive
cases and 88-96% in patients with distantly metastatic tumors. In
a series of 26 patients with carcinoma of the pancreas there was
88% positivity. In severe active alcoholic cirrhosis and alcoholic
pancreatitis 50% of patients had detectable levels of CEA. On the
other hand none of 40 young persons szlected as healthy individuals
had detectable CEA in more than 200 assays. On the basis of these
studies, it was concluded, that the test was not "specific" for
colonic cancer alone. However, taking an overview of all the
studies to date, it may be concluded that they support the

promise of a clinically useful test for the diagnosis of digestive-
tract cancer (744; 962).

(ii) Alpha - fetoprotein. During embryonic development a protein

containing traces of carbohydrate and possessing electrophoretic
mobility slightly lower than Tthat of albumin 1s synthesized and
secreted into the blood by cells of hepatic parenchyma and yolk

sac. This @-globulin is the first to appear in mammalian sera,

and represents a dominant serum protein in early embryonic life; hence

it was designated as a -fetoprotein (3) (AFP). After birth, during
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the early postnatal period, synthesis is carried out by liver cells
only. AFP's have been reported for 18 mammalian species; AFP's
from different animal species exhibit immunological crossreactions.
The molecular weight of AFP's are in range of 65,000-70,000. The
electrophoretic mobilities of AFP's differ slightly from species

to species: AFP's of man, monkey and rat have mobilities close to
that of albumin (postalbumin). Mouse AFP is located in the ay
globulin fraction and dog AFP in the ag-fraction (3; 774).

Abelev (3) found that hepatocellular carcinomas of the
mouse synthesized o -fetoprotein which was secreted into the
blood. Rat hepatomas were found to secrete it as well. Using the
agar gel immunoprecipitin technique, Tatarinov (1964) detected
AFP in patients with hepatocellular carcinoma and by 1966 he
described six such cases. It was also detected in patients with
malignant teratoblastomas of the testis and ovary, but not in other
tumors or in nonneoplastic liver disease (3).

However, recent investigations employing more sensitive
methods (aggregate hemagglutination, immunoradioautography and
radioimmunoassay) revealed that the specificity of the AFP test
for liver cancer was far from being absolute. ILow levels of AFP were
detected during pregnancy, indian childhood cirrhosis, hepatitis
or in other nonneoplastic hepatopathies predominantly in young
children (up to 12 months of age), and trace amount were also
detected in sera of normal individuals. Thus, the fetal sarum

level of AFP is taken as 100% (2.8mg/ml), the level of normal
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individuals corresponds to 0.001-0.002% (4-10.5ng/ml). On the
same basis the level during regeneration of the liver (animal
experiments) may be up to 0.5%. In hepatocellular carcinomas or
germinal tumors with elements of embryonic cancer it may rise to
100-200% (may be as high as 70mg/ml) being produced by the tumor
itself. However, in some hepatomas and teratocarcinomas AFP
has not been detected (3; 644; 903).

In rats receiving orally 4'dimethylaminoazobenzene
(0.06% in semisynthetic diet) AFP appeared as early as the 3rd week
of feeding and 76% (31 out of 41) had detectable levels (0.02-0.04
mg/ml) at the 6th week. Subsequently AFP levels decreased and by
the 1lth to 12th week AFP disappeared from the serum. After 13 weeks,
AFP re-appeared (0.6-1.0 mg/ml) in 27 of 33 rats (the late stage of
appearance) and 26 of the positive rats developed hepatomas (925).

There is considerable difference in the incidence of
"seropositive" hepatomas in various parts of the globe, i.e.
South African Union (82%), Senegal (79%), Congo (77%), Mozambique
(67%), Indonesia (87%), Uganda (64%), USSR (64%), Astrakhan(96%),
Siberia (82%), England, France, Greece (50-60%), USA (42%) higher
in negroes (3; 817); it may be concluded that the incidence of
AFP positive hepatomas 1s higher in areas where hepatocellular
cancer ig endemic. The reason for this difference is unknown. In
animal experiments certain carcinogens (O-amino-azotoluene,
dimethylaminobenzene, nitrosocamine) induced AFP positive tumors,
while aflatoxin, a most probable carcinogen for man, induced AFP

negative hepatomas in rats. It would,therefore, seem that other
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factors, such as the biological characteristics of the tumor, the
stage of oncogenesis, the age of the patient may determine AFP
production (3). Nevertheless, the detection of AFP in serum is a
useful diagnostic test when hepatomas, teratocarcinomas, or
germinal cell tumors are suspected. It also appears to serve a
useful purpose in the follow up of some patients receiving
treatment for germinal cell carcinomas of the testis or ovary (817).

(iii1) Alpha, ferroprotein is related to ferritin and is produced

by the liver in fetal and postnatal life up to the age of 2 years
(10; 344; 345). Tt is found in the sera of children suffering
from a variety of cancerous conditions, e.g. nephroblastoma,
neuroblastoma, teratoma, hepatoma, lymphosarcoma, reticulum cell
sarcoma, osteogenic sarcoma, cerebral tumors. Of 334 cancerous
children, 81% had a positive serum test for alpha, ~ferroprotein;
this test was positive in only 8% of 122 children with other
diseases.

(iv) Beta globulin is another human fetal antigen, which appears

frequently in the sera of patients with neoplasms of nonhepatic
origin=zor with primary liver cancer, and also with other non-
neoplastic liver disorders such as hepatitis and some form of
cirrhosis. Tt is also considered to be associated with liver
regeneration (903).

(v) Gamma fetal protein-2: A Ffetal antigen with electrophoretic

mobility of sy-globuling has been found in saline extracts of many
human tumors, including carcinomas of the breast, colon, ovary,

stomach, various sarcomas and leukemias, Antibody:to this protein
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was found in sera of a minority of cancer patients but not in sera
of normal donors or of patients with nonneoplastic disease. On the
basis of these data, 1t has been suggested that this antigen may be
considered to be the product of a cell with malignant or near
malignant physiology (256).

(vi) Fetal sulphoglycoprotein possessing blood group substance A

activity 1s present in the fetal gut. It has been found in the gastric
Juice of nearly all patients with carcinoma of the stomach (75-78%),
occasionally also in the absence of cancer (14/148) and more
frequently in older patients (10; 344; 345; 375).

(vii) ©Placental alkaline phosphatase (Regan iso-enzyme). In 4-5%

of patients with varilous malignancies an enzyme is produced which
is bilologically and immunologically indistinguishable from placental
alkaline phosphatase(10).

(viii) Heterophile fetal antigen is present in the serum of human,

bovine, porcine, canine and feline Ffetuses (344; 345); its
electrophoretic mobility corresponds to that of ¢ -globulins. An
antibody has been detected in sera of 8 out of 1030 patients with
various types of cancers that was capable of precipitating this
antigen from saline extracts of (82/115) malignant solid tumors
of the breast, colon, ovary kidney, parotid gland, muscle, bone,
nerve and of some benign tumors (12/16). The antigen was also
present in some sera (l?/ZOO) from patients with solid tumors and

leukemias.
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Crossreaction of undefined tumor antigens with embryos

A rabbit antiserum to whole mouse embryo extracts was
reacted with antigens extracted from the respective normal embryonal,
neonatal and adult tissues,as well as with 72 extracts of
malignant cells or tissues from cancerous animals. Cancer tissue
was obtained from 18 different mouse strains, which arose in 12
diverse tissues. Viral, chemically induced tumors, 29 "spontaneous"
and 2 tumors which arose following x-irradiation were examined. A
composite extract of five organs (heart, lung, spleen,liver and
kidney) from both male and female adult mice was used to absorb
the rabbit antiserum. A serum absorbed against 19 day old embryo
extracts produced precipitin lines with the extracts of all 72
cancers in the Ouchterlony test, but failed to react with extracts
of mouse IL-cells and with extracts of any of the normal adult tissues
except skin, small intestine and regenerating liver. On the other
hand an antiserum against 9 day old embryo extracts, after
absorption with adult antigen (composite extract), was found to
interact only with extracts of adult skin, beside reacting with
extracts of the 72 tumors and with embryonal and neonatal extracts.
It was, therefore, concluded that embryo-specific murine antigens
reappeared in adult cells following malignant transformation (847).

Aminocazo-dye-induced rat hepatomas were investigated by
immunofluorescence for embryonic antigens with sera from multiparous
female rats. Most of the sera reacted with more than one tumor,

suggesting that the embryonic antigens were common tumor components (51).
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A rabbit antiserum was produced against a 6-7 week old
intact human fetus and absorbed with an excess of a mixture of
adult myoccardial, pulmonic, hepatic, splenic, renal and intestinal
tissue extract. Precipitin reactions were obtained in OQuchterlony
tests with this absorbed antiserum with extracts of two colon carcinomas,
a breast carcinoma, & hepatoma, a squamous cell carcinoma and a clear
carcinoma of the kidney. Immunofluorescent microscopy revealed
that the absorbed rabbit antiserum, after incubation with various
tissues, was bound to the cells of the six types of carcinomas and
to the epidermis of the adult skin. It did not bind to other
normal adult tissues. These findings indicate that in man carcinomas
corresponding to all three germinal layers contain antigens which
crossreact with embryonic tissues (485).

A rabbit antiserum against a partially purified human
leukemia antigen, after suitable absorption, reacted in the
Ouchterlony test with a circulating antigen present in about one
third of patients with leukemia., Five of six fetal sera tested
were also positive. Negative results were obtained with 22 sera
from healthy volunteers,.solubilized extracts of normal spleens,
buffy coat, or with hemolysed group A red cells. Similarly,
solubilized extracts of rapidly growing established lymphoid cell
lines failed to react. In addition whole cells of these lines did
not absorb out leukemia specific antibodies (386).

Finally, in a series of experiments, Coggin and coworkers
were able to immunize hamsters against SV40-induced tumor cells
with 9-12 day old irradiated hamster fetal cells or with mouse
fetal cells. Furthermore SV40 oncogenesis could be interrupted

in neonatally infected hamsters, if immunization was carried out
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during the latent period with either hamster of human embryo cells
treated by x-irradiation (19; 170; 171).

IV. Antigenic changes and neoplasia

A. FExpression of organospecific, allo- and xeno-(Forssmann) antigens

by tumors.

It has been well established that tumors originated from
non-endocrine tissues produce various hormones inanactive form
(102). One might, therefore expect that such tumors should express
at least some of the specific antigens of the corresponding endocrine
organ; however, this problem has not been examined so far. Some
other examples of similar "derepression" of antigens in neoplastic
cells are well known, which will be discussed here.

(i) TL (thymus-leukemia) antigen. TL may be considered as an

organospecific alloantigen. Although the gene determining TL

(Tla locus) is present in all mouse strains, it is never expressed
in certain strains under normal conditions, while others do express
it. TL may occur, however, on leukemias of TL negative mouse
strains: of 160 leukemias in TL negative strains 70 were TL positive
(105). TL positive lymphocytes never appear in the circulation
under normal conditions but they do so in thymic leukemias. Thymus
cells did maintain TL on their surface for 2 days in the lymph
nodes of recipients after i.v. injection. The absence of TL-
positive cells outside the thymus in healthy mice, therefore,
reflects a mechanism whereby thymus holds back such cells. This

confining mechanism may break down in leukemia (792). The
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presence of TL on leukemias of positive mouse strains probably
reflects an arrest of differentiation, while in negative strains
gene derepresslon occurs.

(ii) MM lymphatic alloantigen. A new lymphatic cell antigen of

some strains of mice which also occurs as a tumor antigen on
ascitic mammary tumors (MMLOZ) of C3H mice has been discovered.
This antigen is not present in normal cells of CSH/HE mice and is,
therefore, capable of eliciting tumor-specific immune reactions in
this host carrying the MM10Z mammary tumor. On the other hand,
many of the 24 strains of mice examined expressed it, e.g. 057B1/6,
AKR, €58, 129, C57L, H-2H, 101, RF, SJL/J and Swiss mice. This
antigen appears to be regulated by a dominant gene independent

of other known alloantigens (151).

(iii) Forssmann antigen. An antigenic reactivity characteristic

of the Forssman antigen was dempnstrated by immunofluorescence
technique with heterologous antiserum on the surface of SV40 and
polyoma transformed hamster célls and in hamster cells cultured
in vitro. No Forssmann reactivity was detected with adenovirus
12 transformed hamster cells (297; 758).

(iv) Hetero-Organic antigens. A total of 55 rat tumors were

studied for the appearance of organo-specific antigens: 16 myogenic
tumors induced in vitro by 100rad or 5x100rads; 27 hepatocellular
induced by the oral administration of N-diethylnitrosamine, and

12 kidney tumors induced by the administration of 2mg N-dimethy-

lnitrosamine through gastric tube for 5 days. Sera specific for
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muscle, liver and kidney were tested for possible crossreactions

with extracts of the tumors. Nine of the 27 hepatomas gave precipitating
complexes with anti-kidney sera and 3 of 27 with anti-muscle sera.
Myogenic tumors did not react with anti-liver sera, and there was
one weak reaction out of 10 with anti-kidney sera. Two of 12 kidney
tumors reacted with anti-muscle sera, but there was no reaction with
anti-liver sera. Absorption studies revealed that not all the
antigens of 7 hepatocellular tumors with kidney hetero-organic
activity were identical - there was a mosaic like pattern. These
data were interpreted to indicate that in the tumor cells there
occur?ed.aderepression of genes controlling the synthesis of the
proteins tested (665).

Immunofluorescent tracing by rabbit antiserum with
specific reactivity against human intestinal mucoss revealed
cross-reaction with human ovarian cystadenoma epithelium and not
with epithelium of any of several other human mucous epithelia.

The mucinous cystadenoma epithelium apparently contained at
least one but not all the specific intestinal mucosal antigens (642).

An antiserum, produced against one-celled unfertilized
mouse eggs was cytotoxic at a high dilution to SV40-transformed
mouse cells but not to normal cells or to SV40-transformed cells
of other species. This anti-egg serum was cytotoxic to mouse
cells transformed by viruses other than SV40 only at low dilutions.
The cytotoxic effect of this serum against mouse eggs was eliminated

by absorption with SV40 transformed mouse cells and not by mouse
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cells transformed by other viruses. An antiserum against SV40-
transformed cells was also cytotoxic for mouse eggs, and this
cytotoxic effect could not be absorbed out with mouse spleen cells.
Antispleen serum had no effect on mouse eggs and reacted against
SV40 transformed cells only at a low dilution. These results
indicate immunologic crossreactivity between antigen(s) of
unfertilized mouse eggs and mouse cells transformed by SV40 (502).

B. Antigenic deletion

It is frequently observed that parallel with the appearance
of tumor antigens on malignantly transformed cells,other antigens
which were normally present on these cells before neoplastic
conversion took place completely disappear or are found only at

a lower density. This phenomenon is known as antigenic deletion.

Fach of five MC-induced sarcomas differed in the
concentration of(high, intermediate, or low) surface antigens of the
seven H-2 specificities tested. The tumor-specific immunogenecity
was inversely related to the H-2Z antigenicity, in as much as highly
immunogenic tumors possessed fewer H-2 antigens on their surface and
vice versa. For example, early metastases to the lung was
associated with low levels of tumor-specific immunogenicity and
high levels of H-2 antigenicity (393).

Absorption experiments showed that a subline of polyoma
virus~transformed C—SH/HEV‘cellS, with decreased oncogenicity in

adult C3H mice, contained 8.8 times more tumor antigen(s) and
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2.5-45times less H-2 specificities than the original line, and

both cell lines had much less H-2 than normal C3H spleen cells (885).
A considerable decrease in H-2 antigen(s) could also be

demonstrated by electron microscopy on the surface of Gross virus-
induced E &' G2 leukemia cells (831).

Mouse tumors derived from 3 cultured cell lines, which
had undergone "spontaneous" neoplastic transformation in vitro,
were transplantable into allogeneic hosts, even after these hosts
were immunized with the originator normal C3H tissue, indicating
that neoplastic transformation caused a loss or dilution of
normal H-2 antigens (479).

In a patient with lymphoma most HL-A antigens on the
lymphocybes specified by the patient's genotype could not be
detected in cytotoxicity reactions with HL-A antiserum as the
malignant lymphoma‘with normal peripheral lymphocytes progressed
to disease with circulating neoplastic lymphocytes. Tissue
culture monolayers of skin fibroblasts from the patient did not
exhibit any change in HL-A content (803). A similar case was
detected in scute leukemia by leukoagglutinagtion using antisera
from multiparous women (646).

Blood group antigens A, B and H were present in benign
neoplasms originating from tissues having these antigens. In
carcinoma in situ of the cervix the isoantigens were significantly
decreased in amount and irregular and spotty in distribution.

Negatively reacting "windows" corresponding to highly anaplastic
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cells were seen by mixed hemadsorption test (219). Furthermore

colonic auboantigens were not present in four cases of colonic

carcinoma (501) and the concentration of brain specific antigens

was reported to decrease in human brain tumors (231).

The urea extractable antigens of normal mouse epidermis

were present in much smaller amounts in the corresponding extracts
of papillomas and squamous-cell carcinomas induced by MC.

Papillomas and carcinomas had several urea extractable antigens

in common and both the benign and malignant growths had at least

one dominant antigen. Moreover, the papilloma and carcinoma
antigens were present in normal epidermis, but in smaller amount
than in the tumors (138). Induction of dysplastic and neoplastic
lesions in the skin of halrless mice by MQ or by daily UV
irradiation was associated  with a loss of intercellular and cell
membrgne antigens of normal skin, as demonstrated by indirect
immunofluorescence. Similarly, the development of squamous cell
carcinoma and invasion of the medullary dermis was associated

with a reduction or loss of intercellular and cell membrane antigens
in malignant areas. Invading tumor cells were always totally
depleted of normal skin antigens while adjacent areas had differenti-
ated with normal intercellular and cell membrane staining (633).
Similarly, deletion of liver-specific cell surface antigens from
aminoazo dye-induced rat hepatomas was demonstrated by immuno-
fluorescence; the event was parallelled by the appearance of new

tumor-specific antigens (50).
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C. Changes in antigenicity of transformed cells

(i) Antigenic modulation

In TL positive leukemias of TL negative mouse strains,

TL antigen can be completely suppressed by passage of the leukemis
cells in hosts immunized against TL positive leukemias, but it is
not suppressed in hosts immunized against TL negative leukemias.
Furthermore, the antigen is fully restored by subsequent

passage 1n non-immunized hosts. A substantial body of experimental
evidence favours the view that an adaptational change affecting
the whole cell population, rather than selection of variants or the
presence of blocking antibody, is the basis of this antigenic
modulation (105).

A similar change of H-2 antigens was observed during the
passage of Fq hybrid tumors in parental mouse strains. By this
method variants could be selected which grew well in parental
strains. Two rules emerged during the selection of sublines:

(a) the transplantation behaviour selected for was irreversible, as
it was maintained after retransplantation to the nonselective

Fq hybrid, and (b) each variant had a higher degree of antigenic
specificity compared to that of the original tumor, as it did not
grow at all in the other parental strain. The variant sublines
absorbed only hemagglutinins directed against the H-2 type of their
compatible strain, but not those of the other parental strain in
which the tumor had been passaged. Thus, antigens of group K of
the H-2 locus could be lost without affecting D antigens, while

loss of D antigens was always accompanied by the loss of K antigens.
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Therefore, it 1s evident that the maintenance of some H-2
components is essential for cell viability and/or proliferative
capacity. All attempts to obtain zero variants for H-2 failed,
though sometimes the tumor responded by growing in any strain of
mice, a reduced surface concentration of H-2 antigens was present.
The loss of one parental H~2 antigens is a genetic, inherited
process (487).

(ii) Antigenic chance in relastion to drug resistance

DBA/2 mice were immunised against 11210 leukemis and to
a subline resistant to methylglyoxal-bis (guanylhydrazone). Using
paired labelled y-globulin mixtures containing lSlI—normal and
1257 immume ¥ -globulins it was shown that above a certain level
of crossreactivity the specific uptake of immune vy-globulins
was 4-10 times higher by the cell type used for immunization of
the serum domors than by the other cell type. Furthermore,
complete absorption of antibodies was only possible with the cell
type used for immunization. These data indicate that resistant
leukemic cells are more immunogenic than L1210 cells in DBA/2 mice,
and that the two cell lines share common antigens and that, in
addition, each line has different antigenic components (481).

Tumor fluid from a patient with cystic malignant melanoma
contained a homogeneous protein, which induced in vitro stimulation
of DNA synthesis in autologous lymphocytes. The protein was
believed to be a soluble tumor antigen since, following therapy with
dimethyl triarzeno imidazole carboximide, this antigen disappeared

from the tumor fluid (643).
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The loss of T antigen was observed from cells derived
from a hamster tumor induced by adenovirus 12 after storage in
ligquid nitrogen with 10% dimethylsulphoxide. However, the morphological
and growth characteristics, as well as the tumorigenicity of the
cellswere retained (914).

(iii) Antigenic change in relation to cell cycle

It was observed that periodic changes occurred in the
sensitivity of a Moloney virus induced murine lymphoma (YCAB) when
exposed to anti-H-2 and anti-Moloney cytotoxic antisera. Similar
Phenomena were detected with cell lines of Burkitt lymphoma and
the corresponding anti-tumor sera. With synchronized cells, the
highest antigen expression was demonstrated to occur in the Gl
phase of the cell cycle and it was lower in S and Go phases (161).
In another study with the YCAB mouse lymphoma, it was shown that the
viral antigen was accessible to antibody and was able to activate
complement in the presence of antibody throughout all cellular growth
phases, while cytotoxicity was confined to the Gy phase of the cell
growth., The inability to lyse the cells in the presence of specific
anti-viral antibody and complement, during the logarithmic phase
of cell growth, was not due to the lack of expression of Moloney
virus antigen(s) on the cell surface, or to inaccessibility of this
surface antigen(s) to antibody, or to failure to activate the
complement effector system (532).

D. Time lapse of antigenic expression and malignant transformation

As mentioned earlier, antigens of oncogenic viruses may
be present on normal tissues without any sign of malignancy. Some
related observations will be presented here, which illustrate that

neo-antigens may occur long before the manifestation of malignancy.
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Celada et al. (145) infected mice at birth with Moloney
virus and stimulated them later with SRBC during the incubation
period, before the outbreak of leukemia. Incubation of spleen
cells with anti-Moloney serum plus complement caused a decrease in
number of plagque forming cells in one fourth of the infected mice,
indicabting that their antibody producing cells contained virus
specific surface antigen. Other investigators observed also in
murine viral leukemia that transformed cells develop antigens before
becoming malignant (370),

Three oubtgrowths of preneoplastic hyperplastic alveolar
nodules of mammary tissue and six tumors were found to be immuno-
genic in syngeneic BALB/C hosts, despite the absence of the
viral agent. Normal lactating mammary gland - and mixture of heart
and kidney tissue fragments also elicited immunogenic effects%as
revealed by challenge with mammary carcinomas and preneoplastic
tissues. Although heightened resistance was occasionally demonstrated
in response to immunization, the more common effect was enhancement (935).

Pieces of gkin taken from mice at the site where
dimethylbenzanthracene (DMBA) had been injected 5 to 30 days previously,
were all rejected by syngeneic recipients as incompatible grafts.

The rejection was significantly delayed if the recipients were
treated by immunosuppressive drugs, such as cyclophosphamide and
methylh drazine. At this time no neoplastic change occurred in
the skin either macroscopically or microscopically. Animals that
had previously rejected DMBA skin grafts failed to reject DMBA
treated syngeneic skin grafts 1in - a second set fashion from the

same or other donors (573; 574). In another series of experiments
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pleces of skin from mouse strains sensitive and also from strains

not sensitive to the leukemogenic effect of Friend or Rauscher virus,
taken 5 to 30 days after injectlon of the virus, were frequently
rejected as incompatible grafts when transplanted to syngeneic
reclipients. The skin from the sensitive mouse strains was able

to transmit the leukemogenic virus, but not from the non-sensitive
strains. A second skin graft was rejected in an accelerated fashion,
i.e. second set rejection., Faster rejection also occurred in

primary skin grafts transplanted onto mice pre-immunized with leukemic
cells (574).

V. Antigenicity of human tumors

Immune reactions in humans have been demonstrated by
a variety of methods to practically all classes of autochthonous
tumors (141; 385; 400; 596; 625; 836; 911).

The demonstration of antigens of some human tumors has
already been mentioned in appopriate sectlons of this chapter, as
the antigens of EB-virus induced Burkitt lymphoma and onco-fetal

antigens. Obviously, the possibility of detecting crossreacting

antigens among human tumors is an important and complicating
feature. If fetal and "passenger" virus-induced antigens can be
excluded, crossreactivity would suggest a viral etiology.

Peripheral blood lymphocytes from a total of 373 tumor
patients were tested for cell-mediated immunity against human
neoplasms of various histological types with the colony inhibition
or cytotoxicity test. Evidence indicating antigenic crossreactivity
among tumors of the same histological type was obtained with malignant

melanomas, carcinomas of the colon, breast, testis, endometrium
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and ovary, and with various sarcomas (405). Blood lymphocytes from

children, who were either cured of neuroblastomas or had persistent

tumors, decreased the plating efficiency of cultured autochthonous
or allogeneic neuroblastoma cells. Lymphocytes from 4 of 5
mothers whose children had neuroblastomas inhibited tumor cells of
the mother's own child and from other children to the same extent.
Plasma from some neuroblastoma patients and from some mothers
decreased the plating efficiency of neuroblastoma cells, if

active complement was added; however, skin fibroblasts from the
neuroblastoma patients were not inhibited in growth and lymphocytes
of healthy children and of their mothers did not inhibit the
growth of neuroblastoma cells nor the fibroblasts (402).

A common antigen was demonstrated in different histologic
types of human sarcomas with antibodiles obtained from sarcoma
patients. A high incidence of antisarcoma antibodies could also
be detected in close family members of sarcoma patients (625).

In patients immunized against malignant melanoma, two

types of antibodies occurred: one reacted with surface antigens

and was specific for each tumor, the other was active against

cytoplasmic antigens present in most or all melanoma cells (277; 544).
Thirty one of 46 sera from patients with breast carcinoma

showed positive reaction in the indirect immunofluorescence test

with tissue culture cells derived from one breast carcinoma, one

case of Tibrocystic disease and two osteosarcomas. None of the

sera tested reacted with the following cultures: giant cell tumor,

rhabdomyosarcoma, Levine-3 cell line, HEK—l—HRLV'(humah enbryo
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kidney producing Rauscher leukemia virus), normal human embryo,

and human adult skin. All sera from blood bank donors were
negative with cells of all cultures tested. Absorption experiments
with some of thé positive sera indicated that this fluorescence
reaction may have been due to tumor antigens (715).

Fluorescence studies with sera from ten meningioma
patients showed that four of them reacted against cell cultures
from both homologous and autologous meningiomas. Fluorescence
stailning was strictly limited to the cytoplasm and tended to be
concentrated in the perinuclear region. One out of four cell
lines, established from other tumors demonstrated fluorescence
staining. Two meningioma cell lines were stained with 12 sera (at
1:8 dilution) of normal blood donors and cytoplasmic fluorescence
was present in two cases. Other cell lines from cerebral tissue did
not react with sera from normal and meningioma patients. Imprints
of meningiomas reacted similarly to that of cultured cellé (141).
Cytotoxicity tests with peripheral lymphocytes from patients with

brain tumors suggested antigenic crossreactivity between glioblastoms

cells from different patients and between glioblastoma and melanoma
cells (540).

Results obtained with the microcytotoxicity test indicated
that humen urinary bladder tumor cells possessed tumor antigens which
crossreacted with each other (119).

Solubilization of human leukemia specific antigens from

the cell membrane was achieved by papain and these were fractionated
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by chromatography on Sephadex G-75 and G-200 columns. Individual
antisera were prepared against 4 of these antigenic preparations

in rabbits. Successive absorptions with normal human serum, a
soluble HL-A antigen pool and papain removed the reactivity of these
antisera against a panel of soluble HL-A preparations obtained

from spleens from 21 non-leukemic individuals. The antisera, after
absorption, were tested against the five soluble leukemic preparations
and although all gave positive reactions with the original material,
each produced also a different pattern of precipitation lines with
the other preparations. Although the small amount of soluble
msberial available prevented extensive studies necessary to identify

all the lines completely, the data showed that some lines were common

to leukemias of different types: 2 acute myeloblastic, 1 sub-acute
myeloblastic, chronic myeloid and 1 chronic lymphatic leukemia

was examined. There was no reaction with pregnant sera, human
ascitic fluid and soluble antigen from human thymuses, suggesting
that no embryonic or TL-type antigen was involved in these reactions.
During furthervpurification by chromatography on a DEAE-cellulose
ion exchange column, activity was found only in fractions containing
also transplantation antigens (916).

VI. Theories on neoplastic transformation and appearance of tumor

antigens
It has been established that different families of DNA
molecules are present in the mammalian cell DNA genome, which are
characterized by the presence or absence of poly-d G.dC or poly

dA.dT sequences, respectively. These repetitive sequences
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constitute more than one third of the cellular genome, while the
rest of the genome is made of unique nucleotide sequences which
are the cellular genes. The eukaryotic cell DNA contains lO5 to
10% sequences of 200 to 400 repetitive nucleotides (68).

It is also well known that the mammalian cell progresses
through defined phases after cell division: the S-phase is characterized
by active DNA synthesis which is accompanied by the synthesis of
histone mRNA and proteins. The Go-phase of the cell cycle is
characterized by active RNA and protein synthesis. During the
mytotic phase (M) only mitochondrial RNA is synthesized, while the
chromoscmes are regrouped into two nuclei and the cell divides.
During the G phase mRNA molecules which were synthesized during
previous phases still function and enzymes which participate in
DNA synthesis appear in the cell.

According toc a recent theory of the organization of the
mammalian cell genome (68), the transcription of RNA molecules
from different DNA classes might be controlled by independent
processes involving different RNA polymerases. Different genes are
considered to be situated in the chromosomal DNA alwsys adjacent
to the promoter sites made of different polynucleotide sequences,
which, although not part of the genetic information, have a major
importance in the regulation of the transcription process in the
nucleus. It is suggested that the genes which control the
synthesis of cellular DNA and the synthesis of the proteins for

this process are situated adjacent to poly-dG.dC sequences, while
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all the genes which contain information for the cellular structural
proteins are adjacent to poly-dA.dT. Irreversible changes occurring
in the poly-dG.dC sequences, might lead to activation of the
adjacent genes with consequent DNA synthesis and cell transformation.

The viral DNA genome is considered to resemble in its

organization the cell DNA and it contains poly-dG.dC and poly-
dA.dT sequences. Cells infected with a tumorogenic DNA virus might
enable the interaction of the poly-dG.dC sequences present in the
viral DNA genome with the poly-dG.dC regions in the chromosomal
DNA. After one division cycle the viral DNA is integrated into
the host DNA in the cellular chromosomal DNA which contains
poly-dG.dC regions. The cellular RNA polymerase which transcribes
the chromosomal DNA with the poly-dG.dC seqguences can also
transcribe mRNA from the viral genes adjacent to the poly-dG.dC
sequences in the integrated viral DNA, but not from the genes
which are initiated at poly-dA.dT. Recent investigations on

Rous sarcoma and other RNA tumor viruses showed that they are

able to code for DNA with the aid of an RNA-dependent DNA poly-

merase and probably virus specific DNA is integrated into the
genome. This DNA product of RNA tumor viruses might have poly-
dG.dC sequences which might participate in the integration of the
viral DNA into the genome (68).

Data on the action of carcinogens and x-irradistion

which cause cell transformation demonstrated that most of these
agents either interact with or effect guanine residues in the DNA.
Therefore, carcinogens need not act as mutagenic agents but rather

as compounds which, by interaction with the guanine residues, upset
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the control mechanism of the cell and activate adjacent nuclear
genes which regulate DNA synthesis. This suggestion indicates
that (a) not all cells are susceptible to chemical carcinogens,
(b) only cells which have poly-dG.dC sequences in a conformation
which allows interaction with a carcinogen might be susceptible to
transformation, and (c) it is also possible that part of the
affected cells can overcome the carcinogenic effect by inducing

synthesis of endonucleas=s capable of degrading the affected

region in the DNA. Only cells which lack these enzymes might
be transformed (68).

In considering the possible mechanisms of antigenic
alteration of chemically induced tumors, McKhann and Haywood
(595) suggested that it was not likely that mutations of
structural genes would be responsible for antigenic change,
since occasional single point mutations would not induce a marked
change in cell structure. The mammalian genome contains an

enormous amount of repressed genes and, therefore, as suggested

by Burnet, each cell has the potential of being antigenically
different from most or all other cells. Hence the change causing
the antigenic diversity of chemically induced tumors might easily

occur at the genetic control level affecting repressors, inducers

and operators. If histones uncover DNA, the gene is derepressed,
mRNA and protein synthesis occurs resulting in the production

of neo-antigens. PFurthermore changes in mRNA and protein synthesis

by itself could easily accommodate alterations in the surface
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concentrations of normal or tumor antigens, such as spacial
arrangement on the membrane, uncovering of deeper formerly
"unrecognized" layers, or rearrangement of the antigenic mosaic.
Gold (3443 345) also proposes, that the appearance of
embryonic antigens on tumors is mediated by the dérepression
of certain genes during neoplasia, which are also active during
the embryonic period but repressed in later life. The processes
of gene activation and repression in mammalian cells might be
essentially the same as those in bacteria, which have been studied
in depth.
Boyse et al. (107) consider that tumor antigens may

arise as a result of activation of three types of silent genes:

(a) activation of genes that are normally functional at anocther
time, e.g., during embryogenesis; (b) activation of genes which
are not expressed in the tissue that has undergone malignant
transformation, but which are normally expressed in some other
tissue; (c) activation of genes which are normally expressed
neither at any time nor in any tissue in the individual whose
malignant cells carry the new antigen.

According to Black et al. (90) altered surface properties

of neoplastic cells may be due to the appearance of specific antigens

coded for by viral genes contained within the transformed cell or

to nonspecific antigens resulting from derepressed host genetic

information. This latter change msy be manifested by exposure of

cryptic membrane sites through failure to synthesise membrane
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materials, in loss of organospecific ‘or blood group antigen

(A, B, H). For example, the appearance of a new heterophile
(Forssmann) antigen may be due to the loss of a sugar normally
covering the antigen. Transformed cells may often be agglutinated

by plant agglutinins reacting with their altered surface specificities.

Concanavalin A (Con-A), for instance, agglutinates cells transformed

by viruses, chemicals, x~rays and this agglutination is mediated

by alpha-methyl-D-glucopyranosid or -mannopyranoside sites on the

cell surface which is uncovered by trypsin treatment of normal cells.
Theoretical models for structural and metabolic changes

explaining cell agglutinability by plant agglutinins, that accompany

malignant transformations are represented on Figure 3 A, B, C, D
(445; 652). A change of a cell surface may be due to exposure

of cryptic sites or semi-cryptic sites, a concentration of exposed

sites by a decrease in cell size or a rearrangement of the exposed

sites. For example, the agglutinability of transformed 3T3 and
hamster cell lines by Con-A directly correlates with malignancy,
but not with wheat germ and soybean agglutinins (445).

3T3 fibroblasts of BALB/C mice transformed by SV40 virus
with (SVI3T) investigated by Electron microscopic analysis of
ferritin-conjugated Con-A (Fer-ConA) revealed that while 3T3 cells
had an essentially random distribution of Fer-Con A, the SV3T3
cells showed Fer-Con A almost exclusively in large, randomly
dispersed clusters. Sometimes this dense packing of Fer-Con A into
clusters on SV3T3 was not seen over the entire surface of the cell
membrane, but was restricted to a large region on the membrane

surface which was associsted with villus-like structures. There
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Figpure 3. THEORETICAL MODELS OF SURFACE CHANGES CON MA-

LIGNART CELLS

C

Three mechanisms that have been proposed to explain
the changes in cell agglutinabiiity with plant agglutinins that
accompany malignant transformation. A, The mechanisin of
“cryptic sites” presented by Burger (Fig. § of ref. 2). The

- agglutinin sites are buried near the cell surface, but can be
exposed by proteolysis or malignant transformation. B, The -
mechanism of “semi-cryptic sites” presented by Sela, Lis,
Sharon and Sachs (Fig. 2 of ref. 10). The agghutinin sites are not
buried as in A4 and can bind agglutinin, but cell agglutination
is prevented due to the presence of surface structures which can
be removed by proieolysis or malignant transformation. C, The
redistribution mechanisin presented by Singer and Nicolson
(Fig. 7 of ref. 19). The azglutinin-binding sites are normally
present in a distribution that does not favour agglutination
(that is they are dispersed) but after proteolysis or malignant
transformation a redistribution (clustering) of agglutinin sites
occurs on the membrane surface that favours cell agglutination
when compared with the normal cell and its dispersed sites.

2 Burger, M. M., Proc. US Nat. Acad. Sci., 62,994 (1969).

10 Gela, B., Lis, H., Sharon, N., and Sachs, L., Biochim. Biophys.
_dcta (in the press).

'% Singer, 8. J., and Nicolson, G. L., Science (in the press).

.

NiCO}.SdnchLe ,Nature-New Biol, .
233:244,1971,



Figure 3. (continued)
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was approximately a 3-3.5 times increase in the density of Fer-
Con A on SV3T3 cells by comparison with 3T3, It 1s postulated
that the more clustered distribution of the Con A sites on
SV3T3 cells is responsible for the increased agglutinability of
these cells by Con A in contrast to the parent 3T3 line (652).
It is reasonable to assume that neoplastic cells are

specially injured. cells which are unable to coordinate and stay

in homeostasis with the body. Cell injury in general may lead
to three kind of events: (a) cell death, (b) full regeneration,
and (c) irreversibly damaged but viable cells. The malignant
cell belongs to category (c) and does not respond any longer to
signals of homeostasis as normal cells would, and confers its
unregulated growth pattern onto its daughter cells.

It is well established that coordination in the body is
achieved by direct cell interactions and by neuro-hormonal
regulation, both of which are mediated by special surface receptors
of the responding cells. Cyclic adenosine monophosphate (3',5'-AMP)
may be regarded as an intracellar hormone involved in transmission
of receptor signals. Although a great deal of the details of
intracellular signal pathways 1s unknown, 1t is clear that gene
activation can take place through these pathways, in accordance
with homeostasis, induced either by contact with other cells or
hormones (732). Tt follows that neoplastic cells must be defective

in some point of the normal regulatory pathway. Theoretically the
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defect may'bé located on the cell surface (receptor defect), in
the cytoplasm (signal transmitting metabolic pathways) or in the
nucleus (DNA genetic code). Because the change must be inherited,
a defective genome seems obligatory for cancer cells. Although
most tumor cells were shown to exhibit surface changes recognized
by the host as antigens, according to this hypothesis, cells with
a perfectly normal surface, but with intracellular defects, will
behave also as neoplastic and will not be antigenic. Indeed
inspite of great efforts, some tumors have not been shown to be
antigenic. However, lack of antigenicity can never be demonstrated
with absolute certainty in vivo,

The widely demonstrated, unique antigenicity of chemically
induced tumors and of those caused by other non-viral agents
indicates that they cause cell injury at random and a great
variety of changes may be inherited in malignantly injured cells.
Therefore, any agent capable of inducing cell damage may induce
neoplasia.

Oncogenic viruses have genetic codes for neoplastic
conversion of cells, which may be regarded as a special, non-
random-type cell damage. It is interesting to note in this context,
however, that virus transformed cells were demonstrated to have
noncrossreactive antigens as well as crossreactive antigens at different
concentrations, indicating that random events may also be involved.
Furthermore DNA templates of RNA viruses may be integrated into the
genome of normally functioning mammalian cells, as it was shown
recently, and in this case it is conceivable that additional damaging

factors are necessary for neoplastic conversion.
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Damage of genetic material in the nucleus may lead to
activation of silent genes by (a) destroying control mechanisms,
(b) alteration of genes (possibly by partial inactivation), or
(c) complete inactivation of active genes. Studies on the antigenic
patterns of neoplastic cells indicate that a number of these changes
may happen during neoplastic conversion, the exact mechanism of which
is largely obscure.

Host Immunity to Tumors

A large body of evidence indicates that most transplantable
animal and autochthonous human tumors elicit immune reactions in
the host (385; 405; 489; 490; 629; 866). Some of these may involve
(i) complement-dependent cytotoxic antibodies against dispersed
mglignant cells such as leukemia or against tumor cells circulating
in the blood, (ii) immune lymphocytes capable of incapacitating
cells of solid tumors by direct contact, or by triggering other
cells (macrophages) for cytotoxicity, (iii) phagocytosis of tumor
cells grown in ascitic form by macrophages, (iv) 7S antibodies
that interfering. with cell-mediated immunity directed against solid
tumors.

A. Cell-mediated immunity

Pathologists observed first that tumors evoke a lymphocyte
response of the host. ILymphocytes and histiocytes were found in the
tumor, when transplants failed to establish themselves. It was
assumed that in these cases "allergic cell death" occurs which
involves the mubtual destruction of cancer cells and lymphocytes.

A good deal of morphological evidence indicates that lymphocytes,
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which are often seen in transplanted and autochthonous cancers, play
some essential part in an immune process (478).

Tnoculation of mice with Moloney sarcoma virus (MSV)
resulted in the appearance of foci of cells having characteristics
of neoplastic cells, yet the predominant component of the lesion
was an inflammatory reaction better fitted to the designation of
"atypical granuloma'". Iesions of similar type were frequently observed
in the spleen, adrenal glands, liver, internal genitalia,
peritoneal surfaces, and retroperitoneal tissue. Some lesions
persisted for long periods or recurred at the sites of injection
(783). 1In similar studies it was shown that the regression of MSV
induced tumors is age and viral-dose dependent and related to
the immune status of the host at the time of tumor growth. Cortisone
pretreatment delayed the time of regression, the morphological
sequence of tumor regression being characterized by lymphocytic
infiltration, edema, neutrophilic infiltration and then complete
reabsorption (747).

Focal microscopic lesions exhibiting mononuclear cell
infiltration were commonly found only in immunologically competent
mice during the latent period of methylcholanthrene-induced
papilloma development. Sublethally irradiated or antilymphocyte
serum treated hosts developed macroscopic papillomas without the
appearance of microscopic lesions except in one documented case.
Thus, common histological features of microscopic inflammatory foci
and known papilloma regression sites included dermal keratin debris,

lymphocyte exocytosis, and mast cell degranulation associlated with

epithelial pyknosis (514).
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Two transplantable hamster lymphomas one which metastasizes
(ML), while the other only grows at the site of implantation (NML),
were examined in the electron microscope. The tumor cells of the
two lymphomas were found to be identical except for a slightly greater
amount of rough-surfaced endoplasmic reticulum on ML; both contained
the typical ultra structural features of experimental tumor cells,
including virus particles. The difference between the two tumors
was found to be in the invading macrophages. The macrophages in
NML were large cells conbaining phagosomes filled with tumor cells
in varying stages of digestion. ML also contained macrophages but
these were small cells without phagosomes, which accounts for their
not being found in earlier light microscope studies. That
these latter cells were macrophages was evident from thelr membrane
processes and the presence of primary lysosomes. It was concluded
that the difference bebtween ML and NML lies not in the ability of
the host macrophages to invade ML, but rather in the inability of
the latter macrophages to become activated (88).

The in vitro-agar culture system for growing hemopoietic

colonies has been used to determine levels of macrophage precursors

in the bone marrow and spleen of mice with primary and transplanted
t+umors. The tumor bearing state generally resulted in an increased
number of precursors in the bone marrow, and partially in the spleen.
Consistent rises were also observed in blood monccytes and

granulocytes and in the serum level of the factor stimulating

bone marrow colony growth in vitro. The proliferation of these
precursor cells in response to tumors may represent an important

component of the immune response to tumor cells (415).



Delayed hypersensitivity skin reactions are readily

inducible in animals that are immune to syngenic tumors either
with tumor extracts or whole tumor cells injected intradermally;
delayed reactions were demonstrated in mice (378; 431; 507; 658;
675; 922).

Southam et al. (826) showed that about half of leukocytes
of cancer patients inhibited the growth of autologous tumor cells
when mixed and injected conjointly with the latter cells back into
the patient. This was the first clear-cut demonstration of the
existence of cell-medigted immunity to autochthonous human tumors.
Subsequently a number of investigators induced tumor specific

delayed hypersensitivity skin reactions in patients with a variety

of neoplasms, e.g. melanoma (94; 795). Burkitt lymphoma (95; 278),
colon carcinomas (424), breast cancer (839) and to various other
carcinomas, sarcomas and lymphoproliferative disorders (667; 836).
Stewart (837) concluded that delayed skin reactions are in good
correlation with the degree of stromal infiltrations of tumor by
lymphocytes. In later experiments, however, it was found that
repeated skin testing with autologous extracts of patients with
breast cancer resulted in weaker reactions, as followed up to

34 months after the first skin testing. Shortened survival was
seen in those patients with breast cancer who had delayed

reactivity to their own tumor (839).

1.

Berg (77) concludes on reviewing the morphological evidence

available for the immune response to breast cancer that most woman
will develop some manifestations of resistance, the significance

of which is presently not entirely clear. Morphological estimates
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of the immune response can be made, and as they are refined these
estimates should continue to be useful complements to other tests
of host resistance,

Cell-mediated immunity has been demonstrated in vitro

to a variety of tumors by inhibition of macrophage migration in

animals (160; 442; 509; 510; 834), and by the inhibition of

peripheral leukocyte migration in humans (22; 802; 950; 951).

Furthermore in the majority of cases, human peripheral lymphocytes

have been found to be stimulated by autologous tumor cells in mixed
cultures (307; 638; 842; 843; 911). Autologous tumor extracts were
also reported to stimulate lymphocytes in culture (457; 787). Mo
significant response was obtained, however, to carcinocembryonic antigen
with lymphocytes from patients with gastrointestinal cancer, pregnant
women, or normal individuals (530).

Other manifestations of interactions of autochthonous
lymphocytes with cancer cells have been considered to be due to
cell-mediated immunity in human, viz. clustering, congregation and
emperipolesis (753), growth or colony inhibition (331; 403; 404;

405; 541) cytotoxicity and lymphocyte attack (640; 641).

In a recent study of tumor-specific resistance to auto-
chthonous MC-induced tumors 1in rats a direct relationship was
demonstrated between in vivo transplantation resistance and
in vitro cybotoxicity of autologous immunocytes (480).

As revealed by the colony growth inhibition test,
peritoneal cells from mice at the beginning of tumor growth showed

some cell-mediated immunological activity which disappeared in
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mice bearing tumors which were 4 weeks old or more. This state
extended at least 7 days and, in some experiments, up to 5 weeks
after surgical removal of the tumors. However, later the mice that
had surgery recovered entirely their specific immunological potential
in the colony inhibition test, i.e. their peritoneal cells became
as active as those sampled frbm.mice immunized with x-irradiated cells.
Several experiments produced evidence that reinoculation of “btumor cells
into x-irradiated mice, 7 and 14 days after tumor removal, accelerated
significantly the recovery of their specific immunological potential (59).
Spleen cells from some tumor-bearing mice inhibited the
growth of autochthonous tumor cells when cell mixtures were injected
into untreated mice (959). A number of experiments have demonstrated
that resistance to solid tumors may be transferred adoptively by
lymphoid cells in highly inbred animals, but not with serum (385; 492).
Recent transfer experiments in guinea pigs gave similar results.
When immune peritoneal cells were fractionated, fractions containing
lymphocytes and neutrophils could initiate delayed skin reactions
to tumor antigens and suppress tumor growth. Cells in the fraction
rich in macrophages lacked the ability to initiate tumor suppression,
but were able in some tests to initiate delayed hypersensitivity;
this was probably due to the pressnce of a small number of lymphocytes.
Moreover, suppression of tumor growth and induction of delayed
hypersensitivity by sensitized cells was antigenically specific (964).
In a group of tumor-bearing mice additional inocula of
antigenically related tumor cells grew in O to 8% of animals at
all intervals after initial tumor transplantation except day 1.

When the same tumor cell doses were injected into normalanimals tumors



developed in 87 to 100%. Mice which received spleen cells from
tumor-bearing animals manifested a significant delay in tumor
development and/or decrease in tumor incidence if spleen cells were
given 14 or 21 days before challenge with tumor cells. These
results indicate that concomitant Immunity is present in tumor-
bearing animals (229; 882).

Purified immune lymphocytes from mice did not exhibit
target cell destruction in vitro but were able to prevent the
growth of L5178Y lymphoma cells in vivo, when transferred to normal
recipients. It was suggested that an immunologically specific

cellular cooperation with macrophages was responsible for this

difference (271). Further experiments showed that confluent
monolayers of macrophages may be "armed" if supernatants of immune
spleen cells, incubated for 24 hours with the lymphoma cells used
for immunization, were added. Spleen cells from immunized mice
incubated with L5178Y on day 7 after immunization released a factor
conferring on normal macrophages the capacity to inhibit in an
immunologically specific way the growth of I5178Y lymphoma cells.
Spleen cells removed up to 15 days after immunization were active
in this respect, but not later. The cytotoxic action was also
exhibited by macrophages from the peritoneal cavity of immunized
animals or by normal macrophages after contact with hyperimmunized
spleen cells. However, after the macrophages from immunized

mice had been exposed to the specific antigen, they acquired the
capacity to kill unrelated target cells. An identical pattern of

behaviour was shown by macrophages which had been "armed" in vitro

74,
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with spleen cells from immunized mice. By exposing macrophages
to very small amounts of double-stranded RNA, endotoxin or the
lipid A fraction of endotoxin they were also shown to become

activated and thus acquirethe capacity tokill nonspecifically.

It has been also shown that if macrophages are collected too soon
after immunization, they may be "activated" (by contact with the
antigen in vivo), and the resultant macrophage monolayer will be
non-specifically cytotoxic (2723 273). Another group of investigators
demonstrated that normal macrophage monolayers were overgrown with
seemingly healthy L cells, but L cells added to activated

macrophages obtailned from Toxoplasma infected mice were almost
totally destroyed. No cytopathic effect was noted when supernatant
media, taken from cultures in which activabted macrophages had mediated
target cell destruction, were added to L cell monolayers. Cell free
extracts, however, prepared from normal and activated macrophages

by fréezing and thawing were equally cytotoxic. This macrophage
medigted cytotoxiclity did not seem to be a complement dependent
reaction. At no time were toxoplasma organisms detected in any
monolayer. Nonadherent peritoneal cells from normal or toxoplasma-
infected mice did not produce-a cytopathic effect. Aggregation of
activated macrophages around target cells and early degenerabive
changes in target cells occurred approximately 2 hours after

contact. FPhagocytosis of target cells by macrophages, however,

was not observed. Syngeneic sarcoms and allogeneic tumor cells

were destroyed by activated macrophages as well, but macrophages



76.

had slight or no cytopathic effect on syngeneic or allogeneic
mouse embryo cells. Other intracellular protozoa (Besnoitia
jellisoni) and bacteria (Iisteria monocytogenes) are able to
activate macrophages, but inflammatory stimulants, used to produce
peritoneal fluid, are not (4186).

The importance of cell-mediated immunity in tumor-host
relationships is illustrated by a number of experiments in which
reduced resistance was seen towards chemical and viral carcinogenesis,
as well as to transplanted histocompatible tumors, in the absence
of thymus (517; 888). The induction of thymic lymphomas may also
be facilitated if cell-mediated immunity is suppressed by ALS
instead of thymectomy (517).

Neonatal thymectomy in mice enhanced the carcinogenic

effect of 3,4-benzopyrene, and 3-methylcholantrene (5685 602),

and greatly increased susceptibility to oncogenesis due to adenqvirus
12 (483). ©Neonatally thymectomized mice could not be immunized with
virus against a subsequent challenge with a syngeneic polyoma-
virus-induced tumor. Thymus grafting did restore transplantation
resistance of thymectomized mice, provided virus inoculation was
given 4 weeks after grafting (887). During an attempt to transmit
human leprosy to mice, polyoma-type tumors arose in all mice
thymectomized as adults and treated with anti-lymphocyte globulin
(318). Experiments on thymectomized rats showed that resistance

to oncogenesis by polyoma virus is not the result of resistance

to virus infection, but is primarily the result of an immunologic



response of the host to the tumor antigen induced by the virus
in the tumor cell (910). Thymectomized rats were inoculated with
the Schmidt-Ruppin strain of Rous sarcoma virus. In rats without
palpable sarcomas and those carrying small tumors, respectively,
cell-mediated immunity could be demonstrated in about the same
frequency (around 50%) both in thymectomized and sham operated
animals. Thymectomized rats with large tumors disclosed such an
immunity in a lower fraction than sham operated animals. It was
concluded that neonatal thymectomy in rats does not prevent
the development of cell-mediated immunity to the Rous-virus induced
tumor antigens (101).

Growth of transplanted tumors in DBA/2 mice was
accelerated by thymectomy, which could be restored to normal
by thymus graft or thymic tissue implanted in Millipore chambers
(1). Finally, the incidence of spontaneous lung adenomas in groups
of neonatally thymectomized mice was significantly higher than in
intact mice (894).

Thymectomy affects virus (MTV) induced mammary carcinomas

in mice in an unexpected way. Removal of the thymus results in
a decreased incidence of mammsry tumors and hyperplastic alveolar
nodules. Although there are strain differences in magnitude, the
suppressive effect of thymectomy seems to be general. Some data
indicate that thymectomy acts on the transforming activity of MIV,
whereas the growth and autonomy of induced tumors is favoured in

such hosts. DNo effect of thymectomy could be detected on the

7.
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presence of either blood associabed or of milk-borne MIV activity.
Splenectomy also decreased both the incidence and age onset of
mammary tumors. However, in females of the same strain, previously
thymectomized, splenectomy suppressed the depresgive effect of
thymectomy on mammary-tumorigenesis and restored to a large extent
the pattern of intact controls. Decreased capacity to produce
enhancing antibody, or direct action of the thymus (hormonal) on
development of ovary, uterus and mammary glands were suggested as
possible explanations (72; 412; 780; 829; 830).

B. Humoral ilmmunity

Studies on both animal and human neoplasms revealed
that antigenic tumors do elicit antibody formation as a rule.
Indirect evidence suggests that in fact all hosts with progressing

tumors would have an enhancing serum factor, which involves

antibody, while in other cases antibodies contribute to host
resistance (397; 399).
The high sensitivity of viruses to antibodies in general

is a well known phenomenon, which applies to oncogenic viruses as

well. Seroprotection has been demonstrated against oncogenesis
with a number of viruses including polyoma virus (707), SV40 (20),
and feline sarcoma virus (270). Spontaneous regression of Friend
virus induced mouse leukemias was accompanied by the appearance
of C' fixing antibodies against viral antigens (749). Removal

of mammary carcinomag from mice caused an increase of serum resistant
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activity which was ten times higher than before (868). A rat
antiserum to wild type Gross virus was able to protect mice

against Gross-positive transplanted leukemias but not against
Gross-negative leukemias. Protection was directly related to

in vitro cytotoxic tests. Complete protection could be achieved

in some mice by serum given as late as 3 days after i.v. inoculation
of leukemia cells. DProtected mice were not immune to rechallenge
with minimal numbers of Gross-positive cells after the transferred
antibody had been cleared (663).

Female mice infected prenatally or neonatally with MIV
were shown Lo produce antibodies to a soluble viral envelope
antigen both in tumor bearing and tumor free state. These findings
indicate that true tolerance does not exist to a viral antigen which
1s obviously common to several MIV strains harbored by the serum
donor mice (634).

Some experimental studies on the function of different
antibody classes in tumor immunity tend to indicate that IgM
is responsible primarily for host resistance in the mouse and
Tgly is involved in the blocking of cell-medisted immunity against
solid tumors (25; 860; 862). Thus, TgGy was eluted from chemically
induced mouse sarcomas by aglycine-HC1 buffer at pH 2.4. Tumor
cells incubated and injected with autologous eluates gave in some
experiments a higher yield of tumors in syngeneic mice than did
cells not subJected to this treatment. Some isologous eluates

originating from several primary tumors, or from syngeneic tumors
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belonging to a different line from the one tested, were also
capable of enhancing tumor growth (727; 728; 946; 947). Moreover,
blocking material in the form of sera of rats carrying progressively
growing polyoma tumors and low pH eluates of polyoma tumor tissue
inoculated into polyoma isografted rats, caused an enhanced tumor
growth. The corresponding serum from animals carrying an MC-
induced sarcoma and eluates from such tumor tissue had no
significant enhancing effect. The administered blocking activity
was detectable in the sera of recipients 3 days after inoculation.
However, no delay or decreage in the level of cell-mediasted anti-
tumor immunity could be detected by in vitro tests for lymphocyte
cytotoxicity against polyoma tumor cells (55).

An "unblocking" serum factor was also found in sera of

tumor bearing rats which was able to neutralize serum factors
that block cell-mediated tumor cell destruction in vitro. This
effect seemed to be correlated with the therapeutic action of
the sera against syngenelc polyoma virus-induced rat tumors. The
class of antibody involved, and the mechanism of action remain
unknown (56).

Antibody dependent lymphocyte mediated killing of tumor

cells was recently demonstrated. Target cells obtained from
MC-sarcomas, MIV-induced tumors and MSV (Moloney)-induced sarcomas
were killed in an immunologically specific way by non-sensitized
lymphoid cells in the presence of heat inactivated sera from mice

bearing the respective neoplasms or whose tumor had been removed.



Neoplastic target cell death was not characteristically mediated
by such sera alone or by normal lymphoid cells in the presence of
sérum from animals bearing some other tumor but appeared to be
a specific synergistically produced cytotoxicity (705).

Humoral response to a number of human tumors has clearly

been demonstrated. Burkitt lymphoma (BL) and nasopharyngeal

carcinoma are distinguished by outstanding high EB-virus antibody
titers, eight times higher than in various control groups including
other lymphoproliferative disease, and other carcinomas of the

head and neck. Iow anti EB-virus titers were very rare among BL
pabients (moribund cases) and there are no histologically confirmed
cases with negative titers. The highest titers were found in sera
of patients whose tumors have undergone long term regression. In
the individual patient the titers may change considerably in the
course of the disease but, as a rule, they remain within the same

order of magnitude; the patients can therefore be classified into
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groups of low, medium and high reactivity. Antibody levels probably

fall when rapid and extensive tumor growth takes place. When the
patient receives chemotherspy and the tumor regresses, there is
often an increase in titer. (This increase was particularly
apparent in a patient who received local radiotherapy). If tumor
persists, the lymphoma cells become coated with IgG as a rule
(491; 918). Since both the intracellular and membrane-antigen
systems consist of more than one antigenic component, some positive
sera contain antibodies against a larger number of components than

others (857).
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Each of twenty commercially prepared lots of human
globuling, produced specific immunofluorescence reactions with
EB3 cells, which is a continuous cell line derived from Burkitt's
lymphoma. Titers varied between 1:60 and 1:640. The preparations
also exerted growth inhibitory effect on EB3 cells, for which
C* was not required, and it was related to the immunofluorescence
titers (960). EB virus antibodies were also found in blood
specimens from three different chimpanzee groups which had not
been in contact with humans, indicating that wild chimpanzee were
also infected by EB-virus or a very similar herpes-like virus (540).

Another intensively studied group of human tumors is
osteosarcomas and various soft tissue sarcomas. Tmmunofluorescence
studies have revealed a high incidence of antitumor antibodies in
sera of patients (15/15) with these diseases and of their close
relatives (34/40) and associates (11 of 12 positive), which react
with common antigen(s) in osteosarcomas. The incidence of antibodies
in normal blood bank donors was much lower (29%). Similar antibodies
were found in patients with liposarcomas and fibrosarcomas.
Cybotoxic antibody was found in serums from 70% of sarcoma patients,
58% of their family members, and 8% of serums from normal donors.

Antibodiles which fix only human complement were demonstrated in

sarcoma patients. A rising antisarcoma antibody titer was consistent-
1y observed following surgical removal of the tumor mass in sarcoma
patients who remained free of the disease, whereas patients with

recurrent disease were found to have a progressive decline in
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their titers of antisarcoma antibody (236; 259; 260; 261; 625; 627; 6283
953).

Malignant melanoma patients exhibit also a high frequency
of anti-tumor antibodies. Antimelanoma antibodies were revealed
by complement fixation in 67% of melanoma patients and in only 22%
of sera from normal blood bank donors. All patients with spontaneous
regression had cytotoxic antibodies, 89% of patients with localized
melanoma, but only 26% of patients with advanced metastatic disease
exhibited cytotoxic antibody activity. A study of serial serum
specimens on melanoma patients revealed a drop in antibody titer to
an undetectable level with advancing metastatic disease; both IgG
and IgM antibodies were present in some cases as revealed by
immunofluorescence (624; 625).

Two seronegabive and one weakly positive patients were
immunized with autologous irradiated melanoma cells. Membrane
immunofluorescence obtained with the autologous (post-immunized)
sera was greatly reduced when it was first mixed with negative
(preimmumnized) sera. The mixing reduced the fluorescence titers
from 1:64 to 1:2 in two cases and from 1:32 to 1:4 in the third
case, None of the control sera, pooled human sera and heterologous
negative melanoms sera altered the titers appreciably. Blocking
effect was largely in the IgG fractions. Using double diffusion
a precipitin line was seen between the positive serum up to a titer
of 1:16 with the negative serum, but neither reacted with the controls.

Significant lines of reaction occurred only between the IgG fraction



of the negative serum and. the gammaglobulin fraction positive for
melanoms antibodies. Formalinized  sheep erythrocytes coated
with gammaglobulin of the positive sera were agglutinated by
addition of the gammaglobulin fraction of negative sera. In one
case g posltive serum produced a complement dependent cytotoxic
effect on the autologous melanoma cells, which was considerably
reduced by adding an equal volume of negative serum before
testing. Tt was suggested that a specific antibody against the
original tumor specific antibody, rather than an antigen-antobody
complex is the blocking agent (546).

Patients with colon carcinomas were found to produce

tumor specific antibodies (344; 345; 420; 640); however, ILoGerfo
et al. (554) could not detect antibody activity against CEA in
sera from 265 patients.

Antibodies to genital herpesvirus type -2 were found in
sera of women with cervical atypia, carcinoma in situ and
invasive carcinoma in a significantly higher freguency than in
sera of control women (P<0.0005) (38; 142).

When 437 sera were tested by mixed hemadsorption against
102 different specimens of leukemic tissues, approximately
30% of leukemia and lymphoma cells contained antigens which
reacted with 30% of sera of leukemic patients. Normal cells

reacted with only 10% of sera of leukemic patients but not with
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sera of normal donors. Not all positive results could be attributed

to isoantibodies. The detected. antibodies were shown to be IgG

heat stable and C' independent (579).
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Seven of 8 patients' sera with carcinoma of the

pancreas showed positive reactions by electroimmunodiffusion.
Positive reactions were also noted in sera of some patients with
pancreatitis and with unrelated malignant lesions. Antibodies
from these latter sera were completely removed by absorbing

the sera with extracts of normal or inflammed pancreas. However,
absorption of sera from patients with carcinoma of the pancreas
with these extracts still left a component that reacted only
with malignant extracts (932).

Five of 8 sera from patients with primary lung cancer
of oat cell type gave positive membrane fluorescence with anti TgM
reagent, but not with anti IgG with cell line OAT, established
from lung cancer of oat cell type. 27 sera from patients
with other types of carcinoma, (including 9 cases of primary
adenocarcinoma of the lung) and sera of healthy individuals gave
no positive reaction (657).

Sera or peripheral blood lymphocytes of patients with

Squamous cell carcinoma of skin exhibited immunological reactivity

against their own tumor cells as demonstrated by membrane and
cytoplasmic immunfluorescence, complement-dependent cytotoxicity
and lymphocyte attack, respectively (641).

Sers of patients with urinary bladder carcinomas contained

C' dependent antibodies which were cytotoxic for sutochthonous and
allogeneic bladder tumors; the degree of cytotoxicity of serum from
the same patient varied over a period of 8 months and some samples
were completely devoid of cytotoxicity. Sera of some patients

exhibited a blocking activity on the cell-mediated cytotoxicity
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of peripheral leukocytes against tumor cells. Opsonizing antibodies

were also detected which appeared when cytotoxicity of the
leukocytes decreased (118).

Sera from all the seven tumor patients tested (one with
melanoma, one with colonic carcinoma and four with breast carcinoma),
who had become clinically tumor free could "unmblock' (abrogate)
the blocking effect of sera from patients bearing tumors of the
respective types, thus making it possible for immune lymphocytes
to kill cultivated neoplastic cells in the combined presence of the
"ynblocking" and blocking sera (403). PFurthermore, blocking
activity could also be eluted at pH 3.1 from human tumor tissues,
obtained at surgery (seminomas and osteogenic sarcomas) and from
tumoxs growing in ascites and pleural effusions (816).

C. TImmunological inertia

An impaired immunological reactivity in humans and
animals with lymphoproliferative diseases seems to be a direct
consequence of a diseased immune system (385; 413; 451; 673; 762;
818; 961).

Southam et al. demonstrated (827) that cancer patients
showed twenty-one out of twenty-three takes from inoculated
allogeneic cancer cell lines and six out of twelve from "normal'
allogeneic cell cultures. Normal individuals showed proliferation
only in four out of fifteen cases which regressed by 14 days. A
similar experiment was performed on a patient with disseminated squamous

cancer of the breast, who accepted subcutaneous homotransplants of



87.

human cancer tissue culture lines (HEp2, HEp3). The primary
homotransplant persisted until the patient died of her cancer 6
months later, in spite of evidence from two subsequent homotransplants
that the first homotransplant had elicited homograft immunity (824).
The immune response of patients with malignant disease,
not originating from the lymphoreticular tissue, was studied with
a variety of antigens (tuberculin, trichophyton, candida, streptokinase,
mumps antigen, DNCB, etc.) and there is general agreement that
delayed skin reactivity is greatly impaired in cancer patients (18;
5623 647; 841). Similarly, the lymphocyte response to PHA was
impaired in patients with a large tumor (841).
Involution of the thymus during growth of Walker carcinoma,
in the rat (268) and a degeneration of the thymus in inbred mice
(AB) bearing NK lymphosarcoma in ascites form (496) were described.
Moreover, thymus cells of tumor bearing mice were shown to lose
their sensitivity to anti-© antibodies and the number of O-positive
cells in the lymph nodes of such mice was decreased (560). Hence
it may be inferred that a deteriorating effect of neoplasia on
thymic function may be the reason for immunological inertia.

D. Autoimmunity and cahcer

Sensory carcinomatous neuropathy develops in a small

proportion of patients with oat cell bronchial carcinoma and, more
rarely, with other neoplasms. It i1s characterized by destruction

of neurons, particularly in the dorsal root ganglia together with
some lymphocyte infiltration. The disease 1s unrelated to metastasis.
The serum of these patients contained an antibody against neurons

which were detected by C' fixation and immunofluorescence (940).
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Smooth muscle antibody at titers of 1:10 or more was found

in a large fraction (67.5%) of patients with malignant disease

and in 20% of 46 controls, i.e. the incidence of smooth muscle
antibody was 70% in malignant melanoma and 83% in carcinoma of the
ovary (948).

A patient with a nephrotic syndrome associated with
bronchial carcinoms was shown by renal biopsy to have a diffuse
membranous glomerulonephritis, and on immunofluorescence, immuno-
globulins were demonstrated in the glomeruli. The patient died
3 and a half years after dlagnosis, and immunoglobulins eluted from
the glomeruli reacted specifically with the surface plasma membranes
of the bronchial tumor cells. Immumodiffusion revealed a reaction
of identity between the glomerular eluate and an extract of the
tumor when tested with the patient's serum. It 1s suggested that
deposition of tumor-specific antibody or antibody complexes in the
glomeruli is one mechanism for the development of a nephrotic
syndrome in patients with malignant disease (545).

Normal C58/wm mice older than 6 months rapidly lost their
capacity to be immunized to a syngeneic transplantable line of Iy,
leukemic cells. An age dependent central nervous system (CNS)
disease occurred in immunized mice characterized by a monocytic
inflammatory response, some demyelination, destruction of neurons
in the cord and paralysis or death. Iymphocytes from diseased mice
injected i.p. into 10-14 months old mice induced CNS-disease, but
not in mice of 2-6 months of age. No virus involvement could be
detected in CNS-disease, which appeared to result from a serum

mediated immunological response directed against ©6-type iso-
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antigens presumed to be present in leukemic cells and CNS
tissue (637).

Evidence for local immune reactions has been described
in the preleukemic thymus of AKR mice, e.g. appearance of
lymphoid follicules, patchy loss of small lymphocytes and
increased number of plasma cells. Although young AKR mice are
tolerant to the Gross-antigen, in the preleuvkemic period spleen
and lymph node cells of these mice exhibilt an immune cytolytic
reactivity to syngeneic AKR embryo cells; this suggests a partial
or complete breakdown of tolerance to the Gross-antigen in the
prelevkemic period. Tt is proposed that secondary, immunologically
mediated damage bf virus-infected Gross-positive thymic lymphoid
cells may be the ultimate process precipitating leukemia development

in the thymus of AKR mice (585 ).

Escape Mechanisms of Antigenic Tumors

One would expect that antigenic tumors recognized as not-
gelf by the host's immune system should be rejected. Although there
is indirect evidence that malignantly transformed antigenic cells
are rejected in a number of cases before the manifestation of
neoplasia, yet some of them avoid rejection and initiate antigenic
tumors. It is, therefore, plausible to assume that antigenic tumors
interfere somehow with the defence mechanisms of the host in order
to escape immunological surveillance by one of the possible mechanisms

discussed below.
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A. Tmmunodeficiency states of the host

The incidence of malignancy in patients with primary
Immunodeficiencies is roughly 10,000 times that of the general,
age-matched population. ZEFach type of immunodeficiency has a
distinctive constellation of malignancies associated with it.

In general malignancies of hematopoetic and lymphoreticular system
are predominant (317; 468; 684). Furthermore, a significant risk
of de novo malignancy must be accepted as part of the price for
transplantation of kidney and other organs with Immunosuppression
therapy; thus, in renal allotransplant reciplents undergoing
immunosuppression the incidence of reticulum cell sarcomas was

more than 100 times greater than that in the general population
and far greater than that of other types of malignant tumors in
transplant recipients. A greatly enhanced occurrence of squamous
cell carcinomas was also reported in such patients. When malignant
ftumors were accldentally transplanted along with renal homografts,
they developed into autonomous and invasive tumors and in two
instances these tumors were rejected after stopping immunosuppresion.
Nevertheless, the benefits of renal transplantation with current
methods make it the treatment of choice for end stage renal
disease (594; 684; 695; 833; 921).

There is abundant evidence also in experimental animals
that immunodeficiency states and immunosuppression favours the
induction and/or progression of tumors. Female, aged, randombred

Swiss mice were less capable of rejecting skin homografts and
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tumor homo- and hetero-grafts than young adult mice. They
showed decreased phagocytic activity and produced isoantibody of
relatively low titers. 1In addition, the spontaneous tumor incidence
increased with age (878). Similarly, susceptibility of hamsters to
viral oncogenesis with SV40 was directly related to the age of the
animal at infection; thus, more than 95% of the animals inoculated
within 3 days after birth developed tumors after 90-150 days and
the incidence of tumors fell to 20-25% in animals infected at
1 or 2 weeks of age and to zero in animals infected at 3 weeks
(or more) of age. The investigation of immunocompetence in terms
of" the response to SRBC showed that very few PFC were generated
if the animals were immunized at 1 week of age, and there was a
rapid increase by the 3rd-4th week of age (310).

The importance of‘immunodeficiency states for the
manifestation of certain type of tumors is well illustrated by

viral oncogenesis with the radiation leukemia virus (RLV) (547).

The interaction of this virus, isolated from irradiasted tissues

of CoS7BL mice, with thymocytes in vivo yields a high leukemia
incidence if the mice are further exposed to an immunosuppressive
agent (irradiation or ALS). It seems that transformed leukemic cells
can proliferate only when the host is immunologically impaired.

By delaying lmmunosuppression after inoculation the leukemogenic
virus into the thymus, the leukemia incidence was markedly reduced;
this decrease may be due to triggering of the immune response.
Inoculation of RLV into newborn C57Bl/6 mice decreased the takes

of syngeneic leukemic cell grafts, which were inoculated s.c.
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30 days later (382; 383).

The Moloney type virus induces spontaneously regressing

sarcomas in mice and tumor incidence increases in thymectomized
mice. Progressively growing tumors could be established, however,
in adult thymectomized and x-irradiated recipients (521).

Antilymphocyte serum (ALS), a frequently used immunosuppressive

ageﬁt, was reported to promotein mice the occurrence of spontaneous
reticular neoplasms (132), to facilitate the induction of lung
adenomas by urethan (893) and enhance carcinogenesis by oncogenic
viruses (390; 5193 520; 733). Similarly, growth of plasmocytomas
and sarcoma I could be accelerated in mice by ALS treabtment

(565; 861).

ALS treatment was found to be much more efficilent in
enhancing the development of primary polyoma tumors inigggﬁ than
surgical thymectomy. When AIG (antilymphocyte globulin) treatment
was started as late as 28 days after the polyoma virus inoculation,
there was still a marked increase in tumor incidence, but this
‘effects could not be observed if AIG treatment was started 7 or
more weeks later (908; 909).

AIS treatment of Syrian golden hamsters increased the

incidence of tumor occurrence as:well as the total number of tumors
induced by painting the cheek pouch with dimethylbenzanthracene
(956). The metastatic growth of an antigenic hamster lymphoma was
favoured by ALS treatment and ALS was shown to not act directly

on lymphoma cells (325 ). Human choriocarcinoma in the cheek pouch
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of ALS treated hamsters grew in a higher incidence, had an
increased volume and persisted longer. Methotrexate, an
anti-cancer drug, had less oncolytic effect on choriccarcinoma
in ALS-treated than in untreated hamsters (543).

It is of interest that L-asparaginase, a commonly used
drug in cancer therapy possessing immunosuppressive potency,
increased the frequency of metastases of sarcoma 180 in mice (232).

Immunosuppression by certain chemical carcinogens and

oncogenic viruses may play an important role in the success of

induced antigenic tumors. A single exposure of mice to carcinogenic

hydrocarbons rapidly depressed the number of plague-forming spleen

cells to SRBC during a long period of time, corresponding to the
latency period of tumor development. Benz (a) pyrene (BaP),

7,12-dimethylbenz (a)anthracene (DMBA) or 3-methylcholanthrene

(MCA) carcinogens decreased PFC per total spleen or nucleated cell
population. However, the noncarcinogenic hydrocarbons, such as
anthracene and benz (e )pyrene, had no immunodepressive effect and
7-methyldibenzanthracene had a slightly depressive effect on PFC.
It was suggested that a correlation may exist between the gbility
of carcinogen to induce antigenic tumors and its inhibitory effect
on the host's immune response. A significantly higher incidence
of takes and/or earlier tumor appearance was seen in the MCA-
exposed hosts after small doses of syngeneic MCA induced sarcomas
(840). An extensive study of immunosuppression by polycyclic
hydrocarbons MCA, BaP, DMBA, dibenz(a,h)anthracene, benzo(c)phenan-

threne showed that the capacity of chemical carcinogens to inhibit
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rejection of homografts is best correlated with the strength of

their carcinogenic potency. Rejection of G6C3HED lymphosarcoma

in DBA/2 mice was used as an assay system. The homograft tolerance

assay proved a useful, sensitive, and rapid technique for detecting

potential carcinogens as well as anticarcinogens. Immunological

stimulants, carcinogens and adjuvants increased tumorigenesis as

well as homograft tolerance in the presence of active carcinogens.

Tt was postulated that carcinogens inhibit the cellular rejection

system (768). Normal marrow and thymus cells were injected to

groups of x-irradiated recipients respectively with spleen cells

from DMBA treated donors and SRBC were administered as an antigen.

Tmmune reactivity could not be restored with T-cells, but bone

marrow cells fully restored the capacity of spleen cells to

respond to SRBC. It was, therefore, concluded that bone marrow

cells are immunologically deficient in animals suppressed by DMBA (767).
The immune response to SRBC of young adult C5Hf/Bi mice

are sensitive to the oncogenic effect of MC was suppressed by the

drug but it proved without effect in I strain, which is relatively

resistant to MC carcinogenesis (852). Furthermore, injection of

DMBRA to neonabal mice permanently suppressed the humoral antibody

response and resulted in a high tumor incidence. Mice injected at

birth with BaP and MCA did not show any detectable immunosuppression,

which is contrary to the finding that neonatal immunosuppression with

DMBA correlates with a high yield of tumors of the lymphatic tissue;

such a correlation was not found with BaP and MCA (53).
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Immunosuppression during mineral o0il carcinogenesis in mice
was reported as measured by antibody production against T2 phage,
PFC and agglutinin titers against SRBC, allogeneic tumor graft
rejection and graft-versus-host reactivity (506).

Depression of homograft rejection and GVH-reactivity
following DMBA exposure was observed in rats. Similarly, the purine

derivative 3-hydroxyxanthine, which is oncogenic in rats, was

moderately active in depressing hemagglutinin antibody formation
and homograft response (235; 879).

The effect of murine leukemia virus (Friend) (MLV-F)

was investigated on the immune response to SRBC of various mouse
strains with different sensitivity to the virus. There was almost
a direct relationship between the susceptibility and the degree

of immunosuppression (144). Hemolysin production by spleen organ
cultures derived from immunized mice and hemolytic plague formation
by peritoneal cells of nonimmunized mice were not influenced by in
vitro infection of culbures with MILV-F. There was no evidence of
virus replication in the cultures. Spleen organ cultures derived
from MLV-F infected mice showed impairment of antibody formstion
only when culture was done after virus replication had taken place.
A significant reduction in the number of peritoneal cells, which
can be stimulated in vitro to produce antibody, occurs only in the
terminal stages of MLV-F disease, 3 weeks after injection, and is
due to a fall in the proportion of lymphocytes in the peritoneal

population (75).
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The mechanism of murine leukemia virus (Rauscher) (MLV-R)
induced immunosuppression was investigated in mice. Adult mice
received i.p. injections of an MLV-R preparation. The spleen,
thymus, mesenteric lymph node, liver and bone marrow were studied
histologically and electron microscopically at intervals between
6 hours and 20 days after injection. The experimental animals were
also tested for their ability to respond to rat erythrocyte antigen
during this interval. Numerous C-type viruses were observed
localized extracellularly in plasma membrane infoldings of dendritic
cells of spleen and mesenteric lymph ncde germinal centers. The
number of virus particles in these germinal centers increased

markedly during the first 10 days of injection. Tmmunoblasts were

participating in the replication of C-type particles. Budding
of C-type particles from the parenchymal immunoblasts of the
germinal centers occurred as early as 24 hours, after injection.
By 7 days the normal antigen stimulated emigration of immunoblasts
of the germinal centers to the spleen red pulp was observed. Since
these cells participate in viral replication, it is considered that
they may provide a source of C-type particles to proliferating
cells of the spleen red pulp, such as megakaryocytes and erythrocytic
precursor cells. It is concluded, that morphclogically the response
to MLV-R starts as an immune response but it results in virus
replication (380).

A virus of minimal pathogenicity for mice, which was
derived from Friend-virus infected animals, and designated as
"hypertrophic spleen virus' (HSV), was investigated for immuno-

suppressive effect in mice. Tmmune response to SRBC was strongly
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suppressed if HSV was given 4 days before SRBC, as measured by
the Jerne plagque assay. Similarly, mice infected with the murine
parasite Pl. berghei yoelii, which in itself produces a severe
but self-limiting disease in BALB/C mice, die rapidly if infected
with HSV with* 4 days of parasite inoculation (781).

B, Immunological tolerance

As already discussed various type-~-C RNA oncogenic

viruses may be transmitted vertically by ovum, sperm or intrauterinal

infections. Some strains of the mammary tumor viruses of mice are
transmitted by milk to the immunologically immature offspring

(76), and according to the classical rules of immunological tolerance,
lmmune responsiveness lg therefore not expected to be present to
these oncogenic agents under these conditions. Blair (91) concludes
in a recent review of MIV-host relationship in the mouse, that
evidence indicates that immunoclogical reactivity is established

to the antigens of MIV, both to those of the virion itself and

to those expressed on the cells infected by the virus. However,

the neonatally infected mouse 1s essentially tolerant to these

viral antigens. Specific antibody formation and cell-mediated
immune reactions can sometimes be induced in MIV-infected mice
by immﬁnization with MIV antigens, but the presence of any immunologic
reactivity to MIV in the normal neonatally infected mouse has been
difficult to demonstrate.

It was observed that MIV~induced hyperplastic alveolar
nodules grew poorly or not at all in adult CBH/Z hosts, which

are free of MIV and conferred a strong protection against subsequent
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challenge with syngeneic MIV-induced mammary tumor. No such
protection was conferred upon immature (3 to 4 week old) CSH/Z
hosts by MIV-infected tissues. Similarly, MIV-infected C3H/2 mice
did not respond to such immunization (516). When (C3Hf/Gs x CBA -
T6T6)F1 mice were injected with Graffi leukemia virus within the
first days of life they failed to produce transplantation
resistance or cytotoxic antibodies against tumor antigens following
subsequent immunizing procedures. Such mice were also susceptible
to the leukemogenic action of the virus. The observed lack of
immune response was shown not to be related to a general immune
depression but dependent on a specific tolerance to the injected virus.
The tolerant state could be abolished by adoptive immunization with
syngeneic spleen cells from donors immunized as adults. Furthermore,
nursing by preimmunized mothers was also capable of preventing
the development of tolerance in the offspring injected with the virus
at birth. Thus, antibodies passively transferred via the maternal
milk are also able to abolish tolerance (158).

It was found, however, that after hyperimmunization with
MIV several inbred mouse strains produce precipitating antibodies
to the MIV virion. Even mice which are neonatally infected with
the virus can make such antibodies. One inoculation with MTV
emulsified in complete Freund 's adjuvant into BALB/cf-C5H mice,
which are neonatally infected with the virus, leads to a gignificant
enhancement of tumor development. Adjuvant or MIV alone had no

such effect. These results indicate that an "underground” cellular
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immunity exists in MIV-induced mice. GR mice, which are hereditarily
infected with the plague forming variant of MIV, to which they are
tolerant, produce antibodies to MIV virions after hyperimmunization
with the standard virus. One single injection of standard virus
or Hé(@ treated plague forming variant into GR mice leads to a
gsignificant delay in tumor-development and spleen cells can transfer
this resistance (76).

The absence of true immunological tolerance was also

repeatedly observed to members of the murine leukemia-sarcoma

virus complex. Gross virus is the etiologic agent of gpontaneous

leukemias of AKR mice. Despite the vertical transmission and the
persistence of Gross virus throughout their life, these mice are

not immunologically tolerant to the virus. Specific antibodies to
Gross antigen can be detected in the kidney where they have been
deposited in the glomeruli, apparently in the form of antigen-antibody
complexes (664). It was also observed that BALB/C mice infected
neongtally or by vertical transmission from the mother with Moloney
leukemogenic virus or mouse sarcoma virus develop chronic,
proliferative glomerulonephritis. The abnormalities were more
severe when leukemia became manifest. Only a few virus particles
were occasionally detected in some glomerull. Tmmunogliobulins and
viral antigens, however, were demonstrated in practically all
glomeruli by immunofluorescence and antibody capable of neutralizing
MLV was eluted from the kidney of the infected mice. The findings
appear to be consistent with an immune complex etioclogy of this

glomerular disease (13;110).
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Members of C57Bl mouse strain have been presumed to
carry the radiation leukemia virus through vertical transmission
during post natal life; yet, newborn mice injected with the virus
show resistance to a further iso-transplantation of leukemic
cells induced by the same virus (381).

Experiments on polyoma virus oncogenesis in mice revealed

that syngeneic spleen cells from sensitized adults can prevent
tumor formation when transferred early enough (one week) but they
are ineffective if the transfer is delayed (by one month) after
the infection of thymectomized C57Bl mice with polyoma virus.
Newborn spleen cells are ineffective. Further investigations
showed that in adult animals cell-mediated immunity develops

more rapidly than humoral immunity after inoculation of polyoma
virus i.p., while in the newborn the situation is the reverse (13).

A phenomenon designated as "sneaking through" the

immune surveillance by antigenic tumors has been observed by several
investigators. Ieukemia 11210 and an ascitic subline M46G, carried
in DBA/2J mice, and the antifolic drug resistant C82R strain,
carried in (BALB/cAn x DBA/2J)F; hybrids, were transplanted into
homologous BALB/C mice, These transplanted leukemias grew and
regressed (homograft response) when inocula of 0.1 ml containing
approximately 1% leukemic spleen were used. With further dilution
of the inoculum, the proportion of tumor takes terminating in death
of the animals was increased markedly (440). MCA-induced tumor

cells were given in a wide dose range to syngeneic recipients.
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Two of three mice in each group receiving 40 and 200 cells
developed tumors, while only one out of three died with inocula
of 1,250 and 12,500 cells. All three mice succumbed to neoplasisa
in groups given 62,500, 125,000 and 625,000 cells, respectively
(103; 661).

Tt is noticeable, that this dose-dependent tumor take

strikingly resembles to the low and high zone tolerance observed

with a variety of antigens by many investigators and discussed
in the section on general immunology.

C. Tmmunological enhancement

Immunological enhancement seems to be a major escape

mechanism of antigenic tumors. With the aid of in vitro growth
inhibition or tumor cell destruction assays it was demonstrated
that most human and animal tumor bearing hosts have detectable
cellular immunity against their antigenic tumor. This cell-
mediated immunity, however was consistently abrogated by serum
factors of hosts with progressing tumors. Such factors were not
detectable in regressor sera or in sera of immunized animals. The
blocking effect was immunologically specific (397; 399; 596).

In allogeneic systems immunization leads to an initisl
hightened resistance to the tumor graft, whichis transient if
immunization is carried out with killed tissue and of longer duration
if living tissue is used. This period of resistance is followed
by enhancement. Antibody is involved in enhancement. Accelersted
graft rejection of a mnew inoculum, however, may be demonstrated in

the same animal with the original tumor enhanced. Passive enhancement
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can be induced with microliter, or even smaller quantities of
antisera, and hyperimmune sera are usually more effective. In

this case IgG is responsible for enhancement. Serum-versus-cell
dose is extremely important; the same serum could enhance or inhibit
tumor growth at different ratios. The nature of the tumor, the
strain of the host, and system (passive, active, etc.) are all
important factors. Some animals will continue to reject successive
grafts of a tumor, though they are producing enhancing sera.

In histocompatible tumor system IgG was found to be

regponsible most frequently for enhancement, while IgM may

enhance or inhibit as well, and this effect may be dose dependent.

In this system cell-mediated immunity develops also first, but there
is no complete killing of tumor cells because of "weak" tumor antigens.
Antibody response follows which may result in enhancement. Factors
like shifting the immunoclogical balance in preference of the

cellular response, changing the molecular composition of humoral
antibodies, relative vulnerability of the tumor to C' mediated
cybotoxicity are important (464).

It was observed long ago that the spleen of tumor bearing
animals is enlarged and exhibits histological changes characteristic
of antigenic stimulation (955). Other experiments revealed that
certain mouse strains are more resistant to the homotransplantable

sarcoms 180 if splenectomized (287; 288; 289; 662; 773) and to some

other sarcoms homografts (615; 711). Tumors induced in BALB/C mice
by the Moloney sarcomea virus were rejected more frequently in

splenectomized mice, The effect of splenectomy was more pronounced
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in females than in males (704). Splenectomized hamsters responded
to an allotransplantable lymphoma with increased immunity in the
first 2 weeks, bubt resistance was decreased in the following 2 weeks
when compared with sham operated controls. If splenectomy was
performed 7 days after tumor inoculation, there was no demonstrable
effect on the subsequent immune response (324; 329).

As revealed by the colony inhibition test, splenectomized
animals had less blocking activity in their serum to a transplantable
MCA induced tumor, than did their sham operated controls;
cellular immunity was of about the same magnitude in both groups
of animals (406).

Tumor enhancing ailoantibody (IgGy) directed against a
spontaneous mouse fibrosarcoms was cleaved with papain. Fab
fragments induced grester enhancement than Fc. It was suggested
that the peripheral concept of enhancement is more significant
than the central one, although both mechanisms appear operative
(204). In further studies half molecules were prepared also by
reduction of the critical inter-H-chain disulfide bond using
2-nmercaptoethanol and cysteine. Preparastion of half molecules,
Fab, and Fc fragments were assayed separately for tumor-enhancing
ability. Results éf this investigation proved that the Fc region
of the tumor enhancing IgG, molecule contributed significantly to
the mediation of this type of antibody-induced specific immun-
suppression (205).

Blocking activity was eluted at pH 3.1 from human tumors.

A high (above 100,000) and a low molecular weight (below 100,000)
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fraction could be separated from the eluates by ultrafiltration.
Neither of these fractions could block lymphocyte-mediated
cytotoxicity in vitro when tested by itself, while a 1:1 mixture
of them was effective. Blocking was also obtained when the

tumor cells were first exposed to the high and then to the low
molecular weight fractions, but not when the sequence was reversed.
Blocking factors, therefore, can be eluted from human tumors and

the blocking effect may be due to antigen-antibody complexes

(404; 816).
An MLV (Rauscher) induced lymphoma of Swiss mice was im-

munosensitive in diploid form from which immunoresistant tetraploid

cells emerged. These immunoresistant cells produced both leukemis
virus particles and virus neutralizing globulins. On the basis of
these facts a unique theory of enhancement of tetraploid lymphoid
malignancies was proposed (812) suggesting that the globulins act
as "self-enhancing” antibodies by coating antigenic sites of the
neoplastic cells and that the neoplastic cells thus escape
lymphocyte mediated rejection. According to this hypothesis,
which is illustrated in Fig. 4, tetraploid immunoresistant cells
emerge when diploid lymphoma cells and antibody-producing immune
spleen cells are brought together, in tissue culture. It is
proposed that tetraploid immunoresistant cells are formed by

the fusion of diploid lymphoma cells and antibody-producing plasma
cells (812; 804). An analogous situation has been described for
Burkitt lymphoma of human, where recurrenttetraploid forms are immuno-

resistant (491; 812).



Figelg e Hypothesis: Formation of immunoresistant tetraploid neoplastic lymphoid cells
by fusion of the primary diploid neoplastic cell with plasma cell-producing virus-neutralizing
antibody. The resulting tetraploid cell continues both genetically determined commitments:
synthesis of leukemia virus and of virus-specitic globulins: the giobulin functions as “self-
enhancing antibody.” /, \’irus—producing diploid immunosensitive lymphoma cell; 2, Ant-
body (virus-neutralizing)-producing plasma cell; 3, Juxtaposition of | and 2; 4, Fusion of
I and 2.
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D. Changes in antigenicity

As discussed earlier, antigenic modulation of tumors may
be caused by various agents such as antibodies or drugs. There is
experimental evidence that immunoresistant tumor cell lines have &
lower density of antigens on there surface than immunosensitive
lines of the same tumor. Three malignant and one nommalignant cell
lines were derived by cloning from the same fibrosarcoma induced by
polyoma virus in HSB/Bi mice. The sensitive line induced a humoral
response which could be demonstrated by in vitro colony inhibition,
and conferred immunity against the malignant cell lines by preimmunization
of the host, moreover, this immunosensitive line adsorbed more CF
when reacted with the antiserum than did the malignant lines (645).
In a similar study an immunosensitive variant cell line induced
by polyoma virus was shown to have 8.8 times more tumor specific
antigen by isotopic antiglobulin technique than the malignant line
(888).

Ordinarily adult syngeneic rats reject radiation leukemia
virus induced tumors unless irradiasted. The rejection involves
an immunological mechanisn directea against a high concentration
of virus cell surface antigen. In a few tumors that were able to
grow in nonirradiated adult hosts the concentration of this antigen
was lower. Some sublines lost completely the viral antigen.
Electron microscopic examination of these immunoresistant lines
showed that virus particles were either absent or radically

decreased in concentration as compared to the original lines (290).
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A theory proposed by Cohn (184) for the escape mechanism
of antigenic tumors in the presence of C' fixing cybotoxic antibodies
is related to the low density of antigenic determinants on the
surface of the tumor cells as illustrated in Figure SA and B.

As mentioned on page 315 , it is visualized that at least two
appropriately spaced (within 200 K) antigenic determinants are

necessary for activating the complement components fixed to

appropriate antibodies on the cell surface and for subsequent

lysis. If the density of tumor antigens is lower than that,

the cell escapes lysis despite the fact that complement fixing antibodies
may be produced to it.

E. Escape mediated by non-antigenic sialomucin coat

In the vast majority of cases the fetus inherits trans-
plantation antigens from the father which are incompatible with
those of the mother; yet, this antigenic graft of Nature survives.

To explain this apparent immunological paradox, it was proposed
that in species (including man) with a hemochorial placenta a
specialized layer of fetal cells with a non-antigenic electronegative

siglomucin coat constitutes a continuous layer in direct contact

with the maternal blood and thus segregabes the two incompatible
tissues (85; 208). Although the immunobiology of maternal-fetal
relationship is probably very complex, which is influenced by
hormonal and other factors, this non-antigenic coat still appears
to be of major importance. It was convincingly shown that
nonantigenicity of early mouse trophoblast was associated with
surface mucoproteins. The normal antigenicity of the fetal tissue
could be restored by the removal of the sialic acid component with

neuraminidase (210).
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It follows that tumors arising from embryonic cells
(dmﬁoawdnwm,tmﬁmMaMﬁctmwm)amwmualyjmtas
incompatible to the host ag normal embryonic tissues, yet some
of them are very invasive and metastasise rapidly. This
behaviour is due to the same absence of antigenic activity that
is evident in normal trophoblast (373). Studies on histocompati-
bility between mother and child in cases of choriocarcinoms revesled
that fatal cases of neoplasia occur in the presence of major
histocompatibility differences, despite the fact that the patient
is immunocompetent (523; 7713 772). For some unknown reasons
women of blood group A married to males of group O appear to
have the highest risk, whereas women of group A with
group A husbands apparently have the lowest risk, the relative
risk for these two groups being 10.4:1(522). Choriocarcinoma
patients are able to reject the husband's skin graft, although
the mean time of rejection may be as long as 18.9 days compared
with a mean time of 9.5 days for grafts from unrelated donors.

It was suggested that histocompatibility antigens are recognized
onchoriocarcinoma, but produce tolerance rather than sensitization
(46; 759).

Furthermore many tumors may express embryonic antigens and/
or release embryonic proteins. Although the physiological role
of these substances is hardly known, it is quite conceivable, that
at least some of them are capable of inducing specific tolerance
as soluble (deaggregated) antigens or favour enhancement by other

mechanisms. Carcinoembryonic antigen may represent such an example,
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which is located in the glycocalyx of the colonic cancer cell
surface (347) and is also released into the circulation (345).

So far only humoral response could be detected to this antigen,

and no significant response was obtained in vitro to CEA with
lymphocytes from patients with gastrointestinal cancer, pregnant
women, or normal individuals (345; 530). As already mentioned,
humoral antibodies appear to be inefficient against solid tumors
and are frequently involved in enhancement. Therefore, CEA might
be chiefly responsible for the escape of gastrointestinal carcinomas
by eliciting a tumor enhancing immune response.

Evidence is rapidly accumulating that cells of a
variety of tumors might have sialomucin coats, Ehrlich ascites
carcinoma and L1210 leukemia cells were shown histochemically
and by electron microscopy to be completely coated with a layer
of acid mucosubstances; the coat contained sialic acid components
(765).

Recently it was shown by several investigators that cells

of various tumors treated with Vibrio cholerae neuraminidase

become more immunogenic. There are few successful "takes",

and tumors that do appear develop slowly and are prone to regress.
Early challenge of tumor bearing mice with neuraminidase trested
tumor cells either prevents or impairs growthaof initial tumor graft.
Late challenge of hosts with established tumors results in the

arrest of tumor growth and about 30% regression occurs. Neuraminidase

treated tumor cells grow like untreated cells when injected



into immunosuppressed animals. The results were specific for
neuraminidase and also for the tumor, no crossreaction being
obtained with a second antigenically unrelated tumor (255).
Although the mechanism of action of neuraminidase on the
immunogenicity of tumors is not clear, the available evidence
convincingly demonstrates that a sialomucin coat is involved
in some way in the protection of tumor cells against host
defence mechanisms.

F. ZEscape by immunosuppression

Glucocorticoids are physiological materials capable of
lmmunosuppression. Certain serum factors such as o -globulin and
maternal immunosuppressive factor influence immune reactions
similarly (137; 342; 472; 957). Monkeys (M. mulatta, M. speciosa
and C. aethipos) treated with progesterone became susceptible
to oncogenesis by the Carr-Zibbler strain of Rous sarcoma virus
which is oncogenic in chickens. Eight juveniles and two adults
were conditioned with daily i.m. injection of Smg/kg progesterone.
All developed fibrosarcomas at the site of virus inoculation in
8-15 days. Virus was demonstrable.in all these tumors by back
passage to chickens. Similar results were obtained in two females
of M. mulatta in the third trimester of pregnancy. The tumors
regressed after parturition or after excision. Progesterone is
known to be a precursor of adrenocorticosteroids, but it is not
certain whether it acts as an immunodepressant indirectly through
the stimulation of adrenocorticoids, or directly on some phase of

antibody formation (636).

111.
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It is obvious that antigenic tumors producing any of these
physiological immumosuppressive agents in large quantities are
at great advantage regarding their escape from immunological
survelllance.

G. Escape by growing in immunologically privileged sites

The uvltimately fatal course of Burkitt's lymphoma, a
tumor in which host defenses are playing a relatively important
role, is frequently caused by the involvement of the central
nervous system - an immunologically privileged site (169). It
follows that antigenic tumors originating from immunologically
privileged tissues, such as the central nervous system, eye, testis
and possibly a number of endocrine organs, will not have to face
rejecticn, at least in the early stage of development. ILater on,
the tumor mass could be too voluminous for a successful immunological
attack.

Experimental TImmunotherapy of
Cancer

“Specific destruction of cancer by immunotherspy has been g
wishful dream of many investigators and physiclans for decades.
However, in spite of painstaking efforts in many laboratories
and some encouraging results, experimental evidence to date has not
provided convincing evidence for the feasibility of such therapy
on a long term basis and for killing a large‘number of malignant
cells (385; 825). Therefore, the primary role reserved now for
possible immunotherapy is for a final "cleaning" operation

consisting of killing off the last malignant cells remaining after
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radiotherapy,chemotherapy and/or surgical removal of the tumor.
Nevertheless this role is an important one. Radiotherapy and
chemotherapy act by single-hit kinetics and the same therapeutic
dose, 1s required for each tenfold decrease of the tumor cell
population, irrespecting of the size of the population. Obviously,
the toxicity and side effects of these agents increases with increasing
doses given in order to decrease further the population of neoplastic
cells. Hence, with these therapeutic agents the killing of all
malignant cells in the body is practically impossible. Tt hag

been shown, that animals apparently cured for lifetime by treatment
with anticancer drugs relapse if immunosuppressive agents (x-ray,
cortisone) were applied during therapy (312; 598). Furthermore,

it was observed that when Burkitt lymphoms patients received
chemotherapy and the tumor regressed, there was often an increase

in serum antibody titer. An increase in antibody titers was
particularly apparent in Burkitt lymphoma and nasopharyngeal
carcinoma patients who received-local radiotherapy (491).

The major significance of a potential immunétherapeutic
approach = lies, in the protection against recurrence and metastasis,
in combination with other forms of therapy. The high specificity
of the immune reaction, its ubiquitous action in the organism
(except in certain "privileged" sites) and with certain exceptions,
its nontoxic natureare all advantageous properties for the fulfilment
of this role in cancer therapy.

Tmmunotherapy of several animal tumors has been clearly

demonstrated; long term remission of human leukemiasand regression
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of cutaneous tumors by immunotherapeutic procedures has also been
achieved with results comparable or even better than the therapeutic
effect of best drugs available for the treatment of such tumors
(5765 577). The biology of human oncogenic viruses is

not sufficiently well understood for developing an immunopreventive
strategy against certain "familial" cancers of possible viral origin
such as leukemias, sarcomas etc., where a break of tolerance %o

the vertically transmitted virus by immunization should prove
effective, as has been shown in animal experiments. Prevention

of virus induced tumors in experimental animals was successful by
vaccination with the causative virus during the'latent period

(1725 230; 233; 446), and even immunization of parents protected
the offspring in the case of Friend leukemia virus in mice and

the herpes virus-induced Marek's disease of chickens(257; 919).
Protection against transplantable tumors in syngeneic animals

may be achieved with a variety of methods and agents acting

through immunological pathways. Some of the ldeas which have
potential importance in future immunotherapy of cancer will be
surveyed in this section.

A. Active immunotherapy

As discussed earlier the host's imability to destroy a
progressing antigenic tumor is considered to indicate some
inadequacy or fallure of the host's defensive immune response.
Many strategies for immunization against cancer are based on the

assumption that autochthonous tumors are weakly antigenic. Cinader
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recommended in 1962 the chemical modification of autochthonous
tumor antigens as an approach to immunotherapy of cancer (163).
Even with non-modified tumor cells a stronger antigenic stimulus
is always intended by some other means, e.g. increasing the antigen
dose by nonproliferating x-irradiated or chemically restricted cells,
changing the route, of by using adjuvants in addition.

Takeda and coworkers (866) investigated various parameters
of immunotherapy with MCA-induced primary tumors of inbred rats.
The tumors were classified as of high, medium and low antigenicity.
The effect of ligation for 24 hours and release of the primary
tumor on artificial metastases established by s.c. transplantation
of 108 cells from the same tumor to a distant site was investigated.
Immunotherapy of naturally metastasising tumors or prolongation
of the survival of tumor bearing hosts having two tumors of the
" same size (20mm diameter) by ligating one of them was also attempted.
The following general conclusions were drawn: (a) Low antigenic
tumors develop often infiltrative growth with frequent recurrence
and metastasis and survival time of the host 1s short. It is hard
to alter the growth charécteristics of the tumor by immunization and,
therefore, these tumors represent "absolute malignancy”. (b) Medium
antigenic tumors develop infiltrative growth with recurrence and metas-
tasis, but less frequently. Marked suppression of tumor growth,
recurrence and metastasis was noted with strong immunization.
(¢) Highly antigenic tumors develop only rarely infiltrative growth

with recurrence and metastasis. With strong immunization the growth
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rate decreasesmarkedly and the survival time is also significantly
prolonged. The rationale behind the ligation and release of tumors
was to induce necrosis and liberation of tumor antigens and thus
expose the host's immune system to a stronger antigenic stimulus.
Tt is to be noted that animals with large tumors were treated,
i.e., when the general competence to mount an immune response is
impaired, and yet regressions occurred. _

The route of inoculation may play an important role in the
outcome of immunization against cancer. It was found that mice
inoculated with Ehrlich ascites carcinoma both via the s.c. and
i.p. routes survived longer than control animals receiving the tumor
only i.p. A marked regression of the s.c. transplants could be
observed in the mice with two inocula (389). When the transplantability
of MCA-induced sarcoma and Bl6 melanoma tumor cells was tested in
syngeneic CBA and CS7B1/6J'mice a much higher number of tumor cells
was required for progressive tumor growth after i.v. transplantation
than after i.p. or s.c. transplantation (97).

Successful treatment of a diethylnitrosamine induced solid
tumor (hepatoma) was accomplished in inbred guinea pigs by repeated
intradermal injection of living tumor cells. Immunization was
started 5, 12 and 19 days after the intra-muscular inoculation of
a lethal dose of tumor cells. Immunization with cells of the ascites
variant of the same tumor cell line resulted in protection of 27%
of the animals, and immunization with cells grown in tissue culture
resulted in protection of 50% of animals. Success or failure

of immunotherapy in this system depends mainly on the number of
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cells in the challenge inoculum. With too high a cell inoculum
host-dependent immunotherapy was umnsuccessful. Intradermal
immunization with ascites tumor cells, subjected to freezing and
thawing, or to x-irradiation as well as immunization with similarly
treated, spleen cells and with tumor cells antigenically unrelated
to the challenge inoculum did not prevent growth of the intra-
muscular tumor (508; 938). However, intradermal immunizabion
vof syngeneic guines pigs with a MCA-induced liposarcoma effectively
prevented the growth of an intramuscular tumor challenge when
immunization was initiated at the same time as, or up to 10 days
after, the challenge. The most effective immunogens for intradermal
immunization were viable cells from grafts of the transplanted
tumor, but irradiated tumor cells and tumor cells grown in tissue
culture were also effective. No protection against tumor growth
was observed if the challenge dose was increased from 10° to 106
cells (258; 624).

Subcutaneous inoculation of I2C leukemia cell suspension

into strain 2 or Fy hybrid guinea pigs produced subcutaneous leukemic
infiltrations at the site of inoculation leading in most of the
animals to a generalized leukemia. On the other hand, when strain

2 and Fp hybrid guinea pigs were inoculated intradermally, about two

thirds of the animals developed intradermal tumors and half of these
tumors regressed spontaneously. Subcutaneous reinoculation of
animals in which the intradermal tumors regressed did not lead to
tumors in a large fraction of them and immunity was more pronunced

in females, than in males. The acquired immunity could not be
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transmitted to other guinea pigs by serum collected from immunized
animals (368; 369). Immunization with large doses of irradiated
I2C cells intradermally or emulsified in complete Freund's adjuvant
and injected into the foot pads protected almost all strain 2
guinea pigs against a subsequent leukemic challenge. However,

animals similarly immunized with normal strain 2 lymphocytes or

chemically induced syngeneic hepatoma were not protected. Adoptive
transfer of lymph node and spleen cells from immunized animals into
normal recipients afforded complete protection against leukemic
challenge. Serum antibodies to I2C cells in immunized animals could
not be detected by a variety of in vitro assays. Intradermal
immunization of guinea pigs 2 or 4 days after the injection of a
lethal inoculum was able to protect some animals against fatal
leukemia (264).

In two separate experiments with CSH/Crgl mice bearing
autochthonous MIV-induced mammary tumors in situ, or as
heterotopic autografts, it was found that injection of an
irradiated or freeze-thawed preparation of biopsy sample of the
liver from the tumor bearing host interferred with the growth of
the autochtonous tumor. Immunization of normal C3H/Crgl mice
with liver preparations from animals bearing isografts of immunogenic
mammary btumors was as effective as immunization with living tumor
implants in preventing the development of tumor isografts upon
subsequent challenge. However, livers from normal mice or from
mice bearing isografts of nonimmunogenic mammary tumors were not

effective. The immunological character of this phenomenon was
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attributed to "activated" tumor antigens supposedly carried by
the livers of tumor bearing mice (906).
One of the most successful modification of tumor cells

used for immunization is treatment with neuraminidase. Cells

from 4 of 5 MCA-induced sarcomas failed to induce tumor in vivo
after incubation with Vibrio cholerae neuraminidase (VCN). When
subsequently challenged with tumor fragments the surviving mice
showed substantial anti-tumor immunity. The fifth tumor

continued to grow and killed the host despite neuraminidase
treatment. Neuraminidase did not kill the cells, it did not cross-
react with tumor antigens, nor did it induce crossreaction with
syngeneic mouse spleen cell isocantigens. Neuraminidase treated
cells from an antigenic tumor grew readily in mice irradiated

with 600r (209). The MCA-induced MC-42 fibrosarcoma of CBH/HeJ
mice never regressed spontaneously, but VCN treated cells grew
more slowly than normal and frequently regressed. The growth

rate of VCN treated cells was more rapid in immunosuppressed
recipients. Animals inoculated with VCN-treated MC-42 were

immune to subsequent challenge with untreated tumor cells. When
animals already supporting a 10-30 day growth of MC-42 (0.4-1.0cm)
were challenged with an inoculum of living VCN-treated MC-42 cells,
half of the original tumors completely regressed, and the growth
of the other tumors was slowed down. Treatment with heat inactivated
VCN was ineffective. Regression was not influenced by treating
the immunizing inoculum by mitomycin-~C in addition to VCN. Direct
injection of VCN into 10-20 day tumors stop their growth (806; 807).

The use of neuraminidase treated tumor vaccines was far more efficient
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than the use of Mycobacterium bovis in inducing the regression of
MCA-induced fibrosarcomas in mice. Multiple injections of living
tumor cells treated in vitro with VCN plus mitomycin-C are more
effective than a single inoculation (757). Modification of 11210
tumor cells with VCN resulted in loss of oncogenicity; 107 treated
cells failed to induce leukemia in DBA/2 mice. However, the immuno-
genicity of the treated tumor cells was increased, since DBA/2 mice
were specifically resistant to a lethal (105) virulent 11210 cells
after single immunization. Immunogenicity was directly correlated
with release of neuraminidase susceptible N-acetylneuraminic acid.
However, prolonged incubation with neuraminidase, beyond 90 minutes
for this particular tumor, gradually destroys the immunogenicity
of the tumor cells (69). Tt is clear that the immunogenicity of a
variety of tumors is greatly increased after incubation with
neuraminidase, Sialic (N-acetyl-neuraminic) acid, linked to amino-
sugars by 2-6 ketosidic bonds appears to inhibit the immunogenicity
of underlying molecular sites, possibly by steric hindrance and
neuraminidase is considered to "unmask" the antigens. VCN-treated
cells regenerate over a period of 18 hours at 37°¢ and, therefore,
one may infer that the mechanism responsible for tumor inhibition
must occur rapidly in vivo. A considerable number of treated

cells (37%) are phagocytosed by macrophages in comparison with

untreated cells (6%), which suggests that enzymatic removal of
sialic acid affects the primary confrontation of tumor and host.
Vibrio cholerae neuraminidase 1s effective in removing sialic
acid; however, similar enzymes from Clostridium perfringens and

influenza virus are not. Trypsin treatment abolishes the antigenicity
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of VCN-treated tumor cells (207). Attempts to unmask H-2 antigens
in mouse trophoblast and lymphoid cells, however, have been
unsuccessful. Weak antigens, such as the © antigen may be
uncovered by VCN. It is possible that VCN increases immunogenicity
nonspecifically; reduction of negative charge by removing sialic
acid from the membrane may increase deformability or alter the
transport of amino acids. Such cells are rendered more susceptible
to phagocytosis and complement mediated lysis (255).

The increase of antigenicity by modifying the tumor cell
surface with chemicals or by coupling to proteins was also
abtempted by several investigators. Appfel et al. (31) could
induce a substantial immunity against Ehrlich ascites
carcinoms, in A/J mice, an MCA-induced sarcoma and EL4 tumor in
C57Bl mice, and against Krebs-2 tumor in Swiss mice by preimmunization

with tumor cells treated with 10~5-10"%

M Na-iodoacetate, a
sulfhydryl alkylating agent. Certain other reagents reacting

with sulfhydryl groups, such as lodoacetamide, N-ethylmaleimide were
also effective, but p-chloromercuribenzoate was not effective (31).
In a similar study the weakly antigenic B8C3HED cells were modifed
with: (a) diazotized p-aminobenzoic acid, (b) fluorodinitrobenzene,
(c) iodoacetamide, (d) iodoacetate, (e) N-ethylmaleimide, and

(f) p-hydroximercuribenzoate. Cells modified with the strong
antigenic determinants (a) and (b) failed to protect C3H mice
against 10% 6C3HED cells; (c), (d) and (e) protected fully; (f)
gave partial protection. Alterations producing potent immunity

involved blocking of sulfhydryl groups with reagents not generally

considered good haptens. EPF-1 lymphoma cells treabed with iodoacetate



provided protection against an early transplant generation of
EPF-1. However, cytotoxic antibody to 6C3HED or EPF-1 in the
serum of Immune animals was demonstrable, but lymphoid cells from
an immune C3H mouse protected a susceptible animals, indicating
cell-mediated immunity (709).

Human gamma globulin was coupled to tumor cell suspensions
of C3H mammary carcinomas utilizing bis-diazobenzidine as a coupling
agent. The altered cells were then reinjected into the animals from
which they were taken with complete Freund's adjuvant. Tumor growth
was significantly retarded (p € 0.05) in the immunized group, and
increased amounts of necrosis, lymphocytic infiltration, hydropic
degeneration and fibrosls was observed on histologic section.
Moreover, antibodies to tumor cells were detected in-the immunized
animals by microprecipitin Ouchterlony and immunofluorescent
techniques. On the other hand, antibodies were not detectable
in sera of control animals immunized with untreated tumor cells
in complete Freund's adjuvant (211). Similarly some degree of
protective immunity against subsequent challenge with isologous
tumor cells was conferred on mice by:immunization with tumor cells
complexed electrostatically to methylated bovine v -globulin
(Be@) (base-acid interaction) or conjugated covalently to BGG with
bis-diazobenzidine and immunization following tumor excisioﬁ
tended to decreagse rather than increase resistance to further

challenge with viable malignant cells (111).
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Immunization of mice could be achieved against Ehrlich
ascites Tumor using a hybrid of Ehrlich ascites tumor cells and
polyoma transformed hamster cells; the hybrid cell is analogous
to an attenuated tumor cell (927).

Tissue culture line of 6C3HED ascites tumor cells, after
long term propagation in vitro, failed completely to produce tumors
when reinoculated into isogeneic C3H mice. However, these nontumorigenic
6C3HED tissue culture cells induced strong immunity in mice against
virulent 6C3HED cells freshly drawn from mouse tumors and the sera
or spleen cells of these immunized animals neutralized tumor cells
in vitro. Sonically disrupted nontumorigenic cells also induced
immunity, but to a much lesser degree than the intact viable cells.
Inoculation of mice with the nontumorigénic 6C3HED tissue culture
line also partially protected them against virulent TA3, Ehrlich,
or Ehrlich-Iettre tumor cells when tested in Swiss mice (267).

Treatment of cancer with various viruses may have a
beneficial effect. Pbssible mechanisms of action include direct

cytolysis by virus multiplication; immunological cytolysis by both

cell-mediated and humoral responses to "budding" viruses; and, the
production of interferon by viruses. It should be remembered, however,
that a variety of virus infections have a negative effect because
of their marked immunodepressive action (928).

Treatment of tumors, in the ascites or solid forms,
(e.g. Sarcoma-l, Ehrlich ascites carcinoma) in mice by inoculation

with bovine enterovirus-l resulted in regression of the tumors
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without any pathological effect on the animals. Death of mice
with lymphatic leukemia was delayed after such treatment. The
oncolytic specificity of the virus does not appear to involve

the production of inﬁerferon, but requires specific adsorption

to the tumor cells. The susceptibility to killing was observed
also in culture, since viral-transformed cells and oncogenic

cells were susceptible to the virus, in contrast to cells of
untransformed lines and cells primary cultures, whichwere resistant
(8763 877).

The WSA strain of influenza Ay virus was adapted to grow
in Bhrlich ascites tumors carried in ICR mice., The strain was
passaged in suckling BA_LB/C mice by intracerebral inoculation,
then adapted to the SV3T3-T4 and BALB3T3 cell lines. The virus
produced. marked cytopathic effects after three passages and high
hemagglutinin titers after seven passages. BALB/C mice could be
made immune to challenge with syngeneic SV40-transformed fibrosarcoma
cells by vaccinating them with cell-free homogenates of tumor cells
which had been infected with influenza virus. No immunity was
induced by vaccinating the mice with homogenates of influenza virus
infected normal cells, or with homogenates of tumor cells not
infected with influenza virus. It should be noted, however, that
about 10% of mice died, and about 50% developed paralysis of the
lower extremities because of virus infection. Influenza virus
modifies the entire plasma membrane, not just the portion associated

with the budding virus, because of the insertion of virus-coded
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antigenic proteins (V antigen) into the membrane structure; the V
antigen serves as a "helper" during immunization (100). Swiss
mice receiving leukemia cells infected with Newcastle disease virus
(NDV) plus mouse anti NDV serum succumbed to tumors faster than
those recelving either noninfected cells or infected cells only.
Newborn mice injected with infected tumor cells lived longer butb
some of them died because of viral encephalitis. Hence both
delayed and accelerated tumor gwoth ("enhancement'?) could be induced
by NDV~infected tumor cells. Vesicular stomatitls virus exerted good
oncolytic effect (811).

The action of Friend virus was lnvestigated on 2
spontaneous undifferentiasted sarcoma of Wistar/Mk, noninbred
Gifu, and Donryu rats; on four nitroquinoline-induced fibrosarcoma
of Wistar KA/Mc rats; and on diaminoazobenzene-induced hepatoma
of Donryu rats. Any line of rat tumor cells infected with Friend
virus either failed to grow in susceptible hosts, or grew and
soon regressed. Friend virus specific membrane antigens were
detected in infected tumor cells by immunofluorescence and
complement cytotoxic tests. After the rejection of Friend virus
infected tumor cells rats showed resistance to the growth of
noninfected tumors of the same type. In some cases immune
effects were recognized even when the tumor cells were injected
before immunization (498).

B. Adoptive immunotherapy

Transfer of 1.2 x 108 peritoneal exudate cells intracardially

from strain 2 guinea pigs immunized with a diethylnitrosamine-induced
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hepatoma to tumor bearing animals on days 5, 12 and 19
protected 40% of the animals which had received a relatively
small tumor-inoculum (1.1 x 10% cells/animal i.m.) (938). Tmmuno-
therapy against I2C leukemia in strain 2 guiean pigs was also
achieved when initiated early in the course of the disease, i.e.
tumor bearing animals injected with 3 x 105 I2C cells intradermally
were protected if given immune spleen and lymph node cells (3.4 -
9 x 10% per animal) intravenously 2 days (6 out of 8 protected),
4 days (3 out of 8 protected) and 7 days (1 out of 4 protected)
later (264).

The effects of sensitized syngeneic, allogeneic, and
xenogeneic lymphocytes on small (5mm) transplanted MCA-induced
and spontaneous mammary tumors in syngeneic mice and rats was
investigated. Sensitized lymphocytes were obtained from blood,
lymph, lymph nodes, spleen and thymus. In a number of studies,
zymosan was employed alone and with lymphocytes. Despite a
variety of therapeutic regimens, these studies failed to demonstrate
convincingly that employment of such cells in the model systems
utilized could influence tumor growth, when the tumor was applied
in the form of an inoculum of cells or of a small growing tumor.
Of the many experiments carried out, only the system consisting of
sensitized syngeneic circulating lymphocytes in animals harboring
MCA-induced tumor cell inocula was effective in this regard.

Alogeneic and xenogeneic cells were uniformly ineffectual (292).



Pilch and coworkers demonstrated recently that resistance
to chemically induced mouse, rat and guinea pig tumors may be
transferred by"immune" RNA prepared from lymph nodes and spleens
of syngeneic, allogeneic or xenogeneic animals immunized with
the same tumor. Normal syngeneic lymphoid cells treated with
this immune RNA in vitro could confer protection on adoptive
transfer and similarly this immune RNA protected animals against a
subsequent tumor graft on injection into animals in the presence
of dextran sulfate, a potent RNase inhibitor. Furthermore lymphoid
cells trested with immune RNA exerted target cell lysis in vitro.
However, nonspecific RNA was ineffective in all such experiments
and the immune RNA preparations were inactivated by treatment with
RNase (227; 228; 697; 698; 699; 7243 725; 7263 755).

C, Passive immunotherapy

Although attempts to apply passive immunotherapy for the

~ control of malignant disease have proven disappointing, rather

than encouraging, it would be imprudent at this stage of our
incomplete knowledge of the host-tumor relationship to categorically
dismiss this approach. Thus one may visualize that antibodies coupled
to any cytotoxic agent may be highly effective in concentrating the
cytopathic factor in the tumor foci. In principle, this method

would be promising, if one could link to specific antitumor antibodies
products which are highly toxic when administered as conventional
drugs (629). Clearly, this system is essentially similar to the
strategy devised in the first part of the present study, except

that in the author's system the function of antitumor antibodies 1is
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to attract killer cells into the foci of malignant cells, on the
assumption that the immune cells would become activated for the
release of their cybotoxic agents on interaction with the antibodies
coating the tumor.

It was already discussed that viral oncogenesls may be

prevented by antibodies, and that an "unblocking" antibody is
probably able to exert therapeutic effect in vivo. The increasing
level of cytotoxic and other antibodies in malignant melanoma

and sarcoma patients showing resistance to thelr disease, and the

decrease of such antibodies in cases of progressing disseminated
neoplasia was also presented. It i1s not completely clear, however,
whether in these human malignancies the change in antibody levels
is causatively related to resistance or if it is a consequence of
the reduction in tumor size.

As a general rule complement dependent cytotoxic
antibodies are active against dispersed malignant cells such as
leukemia or against malignant cells circulating in the blood.

If the density of antigenic determinants on the surface of tumor
cells is too low, complement fixation is inefficient or may not
take place at all. In the extravascular space, where the cells of
solid tumors are located, IgM antibodies which are most efficient
in C? fixétion, are present only in low concentration or not at
all, which may be one of the reasons why solid tumors resist so

well attack by antibodies.
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Various leukemias of mice could be prevented or even
cured by antisera produced in rabbits (418; 5373 735; 736). Takes
of Walker 256 rat carcinoma could be prevented by rabbit antiserum

in more than half of the rats inoculated with 104

cells. Moreover,
administration of the globulin antibody fraction led to a marked
decrease in size of the tumor, but the tumor masses did not

completely disappear (589).

D. Interferon as an anti-tumor agent

Interferons are small proteins able to inhibit viral
multiplication in uninfected cells of the species of origin by
interfering with the combination of viral messenger RNA with
cellular ribosomes to form functional polysomes., Interferons are
produced by cells infected by almost any virus, or exposed to
interferon inducing compounds, and also produced during
cell-mediated immune reactions by sensitized lymphocytes. Mouse
interferon preparations enhanced the specific cytotoxic action of
sensitized lymphocytes on allogeneic tumor cells indicating that,
beyond its well known anti-viral effect, interferon might play an
important role in immune reactions as well (please see "interferon"
in the section on Basic Immunology).

Tnterferon produced in mouse L cells by the Newcastle
disease virus activated normal allogeneic or syngenelc lymphocytes
for target cell destruction (P € 0.05). When cells from DMRA~

induced primary sarcomas of C57BL mice were mixed with normal syngeneic
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spleen cells and interferon was added prior to injection to
C57Bl recipients, a reduction in tumor incidence and delayed
growth occurred (P < 0.002 by e test)., Interferon or syngeneic
lymphocytes alone did not affect tumor growth (157).

The lethal dose of Ehrlich ascites tumor could be
increased by treatment of inoculated mice with interferon
prepared from brain tissue. Intraperitoneal application gave
better results than s.c. and no effect was obtained if interferon
was given before tumor inoculation. Phagocytosis of tumor cells
by macrophages was observed on smears obtained from the peritoneal
cavities of mice treated with interferon, but not from untreated
or mice treated with normal brain extract. It was proposed that
in addition to the direct inhibition of tumor growth, interferon
stimulated phagocytosis (360).

Lewis lung tumor inoculated s.c. to C57Bl mice was
inhibited by daily i.v. treatment with a crude interferon preparation
(256,000 NIH International Units) derived from the brains of mice
inoculated with West Nile virus. Treatment was continued for
3 weeks. Only interferon treatment was associated with a significant
inhibition of the growth of primary tumor; treatment with control
preparation was ineffective. A decreased number of pulmonary
metastases was observed in interferon treated mice in comparison
with controls. Interferon injected i.v. daily (128,000 NIH
International Units) was effective even when the treatment was
started 6 days after tumor inoculation, when palpable tumors had

already developed in all mice. It was not possible to determine
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if the decreased number of pulmonary metastases in this case was
the consequence of an inhibition of the primary tumor, or if it
represented an independent effect of interferon on the development
of metastatic foci (361).

A comparison of the antitumor effect of interferon and
interferon inducers, e.g. Newcastle disease virus (NDV), statolon,
poly I:C, poly A:U, was made on EACzH (Ehrlich ascites) and RHT-I
(Rauscher leukemia virus-transformed hamster embryo cells) tumors

in vitro and in vivo. In mice NDV, statolon and poly I:C were

equally effective as antitumor agents. However, interferon and
poly A:U at the dose level used were not effective, In hamsters,
the antitumor effects of the inducers were much less pronounced
than they were in mice. In vitro the three interferon inducers and
interferon itself were highly effective in inhibition of focus
formation by murine sarcoma virus. It was concluded that in vivo
the antitumor effects of interferon inducers may bear a relationship
to the amount of interferon induced, since NDV, statolon and poly
I:C are strong inducers in mice. Antitumor effect could, however,
also be mediated by enhancing the cell-mediated immune response
or by a direct chemotherapeutic effect of inducers (poly I:C) (745).
Prolonged interferon treatment of AKR mice in the form
of concentrated mouse brain interferon, started at 3 months of age,
significantly increased the survival time of male mice and diminished
the incidence of spontaneous lymphoid leukemis. No difference was
detectable between treated and untreated female mice. In a second

experiment interferon treatment was continued for one year. The
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survival time of both male and female mice was prolonged and the
incidence of leukemia was reduced in both sexes. A similar
interferon treatment also increased the survival time of male and
female AKR mice inoculated at birth with extract of leukemic tissue
(362).

The oncogenicity of murine sarcoma virus (Harvey) and
Friend virus leukemogenesisin mice could also be inhibited by daily
interferon treatment (82; 363).

E. DNonspecific stimulation of host resistance to syngeneic tumors

A variety of immunological adjuvants and other materials
have been tested for the stimulation of host resistance against
tumors. Living, killed or fractionated Bacillus Calmette-CGuerin
(BCG), Corynebacterium parvum, Bordetella pertussis, endotoxin,
digests of DNA and synthetic polynucleotides have been used most
frequently. However, occasionally, experiments with nonspecific
stimulants, e.g. BCG, a methanol extraction residue of BCG and
with B. pertussis, have resulted in increased tumor growth rather
than in resistance. Immunization with tumor tissue or oncogenic
virus in Freund's adjuvant can also lead to enhancement of tumor
growth; this may be due to the administration of killed tissue
rather than to the use of adjuvant. Most of the materials tested
for the stimulation of host resistance against cancer have been shown,
however, to elevate levels of antibody and antibody-producing cells

when given some time before or simultaneously with antigen (958),
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The effect of living BCG, intact phenol killed organisms
and aceton extracted BCG, several methanolic extracts and thelr
residues obtained from the phenolized and acetone-treated bacilli
were tested on a variety of mouse tumors, e.g. syngeneic uterine
sarcoma of BALB/C mice, two mammary carcinomas, a hepatoma and an
osteosarcoma of C3H mice. Animals given single i.p. injections
of the various materials in saline were challenged with s.c. trocar
injections of approximately 0.5mm® tumor tissue. Prophylactic
effects of several types and of varying degree were exhibited
by all the preparations tested, at certain dose levels. Among
the protective effects one may cite: initial retardation of the
tumor followed by a normal growth, total prevention of development,
regression and disappearance, an inhibition of metastatic spread,
and normally a prolongation of life., The dose of the materials
was critical, the optimum guantities varying somewhat from one
preparation to the next and with the tumor. The protection elicited
by some of the preparations was as great, or greater, three months
after treatment as it was when only 2-4 weeks elapsed between
vaccination and transplantation (934).

Three mouse tumor lines, 1l.e. two MCA-induced and one
spontaneous, normally growing progressively when grafted intradermally
into syngeneic C3H mice, failed to grow when injected as a mixture
with BCG. Experiments to investigate the process invelved in this
tumor suppression at the site of BCG injection led to the following

conclusions: (a) the effect of BCG is local, not systemic; () lack
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of tumor growth cannot be accounted for the death of tumor cells
in the BCCG mixture before injection; (c) evidence was obtained
that tumor growth is slightly retarded in animals unable to
respond immunologically to either BCG or tumor antigens; however,
this apparently nonimmunological process is not sufficient to
account for the complete suppression of tumor growth observed;
(d) host immune reactivity is necessary to BCG to prevent growth
of viable tumor cells injected with BCG; (e) tumor growth at the
gsite of BCG injection may be suppressed in the absence of tumor-
specific immunity; (f) established, growing tumors may regress if
infiltrated with BCG; (g) combination of tumor infiltration with
BCG and of subsequent surgery is more likely to be curative than
either modality alone; (h) with the tumor most thoroughly
studied, injection of a mixture of tumor and BCG does not induce
tumor immunity, as does temporary growth of the tumor alone (62).

Administration of BCG i.v. had a very weak effect,
if any, on the subsequent growth of Ehrlich ascites cells in the
peritoneal caivity of mice. However, the growth of the tumor
cells was strongly suppressed at the same site after a previous
i.p. infection with BCG. Trehalose-6,6-dimycolate (cord factor)
extracted from tubercle bacilli or living BCG suppressed the induction
of lung adenomas in mice by urethan (70).

Treatment with BCG increased the resistance of mice to
oncogenesis by adenovirus type 12 (815) and murine leukemia

virus (Friend) (515).
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In strain 2 guinea pigs complete inhibition of syngeneic
diethylnitrosamine induced hepatoma was observed when infection
with BCG was induced at the site of tumor inoculation. This
inhibition was not attributable to a direct cytotoxic effect of
living BCG on tumor cells, but it was mediated by the host during
a delayed hypersensitivity-type immunologilc response to the
infecting organism. Animals that rejected tiumor cells at the site
of an infection with BCG showed suppressed tumor growth and delayed
hypersensitivity reactions to a subsequent challenge of tumor cells.
The minimum number of living BCG capable of eliciting a host
response that would completely kill tumor cells was 6XlO6 organism
in immunized and 6x105 organisms in unimmunized animals., Optimal
suppression of tumor required living BCG, close contact between
tumor and BCG, and a cell-mediated immune response by the host.
This was the only method of inducing specific immunity to line-10
hepatoma in strain 2 guinea pigs (963; 964). Further experiments
with the same tumor-host system revealed that the growth of
intradermal tumor transplants was suppressed if the tumor cells
were inoculated together with BCG cell walls attached to oil droplets.
Tumor growbth was not inhibited if the tumor cell were given together
with BCG cell walls, oil droplets or oll droplets plus BCG walls
prepared so as to prevent attachment of the walls to oil droplets.
Animals in which tumor growth was suppressed acqulred systemic
tumor immunity (965).

Mammary tumors were induced by the oral administration

of DMBA in Sprague-Dawly female rabts. When one mammary tumor was



present the rats were palred according to the surface area of this
primery tumor. One member of each palr received a single dose

of BCG s.c., containing Img of living suspension in 0.5ml culture
medium. Controls received culture medium only. The animals were
observed weekly for a total of eight weeks. The total tumor
surface per rat, the number of rats developing new tumors and the

number of tumors per animal were significantly higher in the BCG

treated group. The delay between the administration of BCG and
the appearance of a second palpable tumor was very significantly
shortened in the BCG treated group. It should be stressed that
BCG can enhance tumor growth in certain conditions and should,
therefore, not to be used indiscriminately in the treatment of
cancer and related conditions (696).

The effect of polyadenylic-polyuridylic acid (poly A:U),
a known nontoxic stimulator of antibody formation, on chemically
induced and viral mouse tumors were less recurrence after
excision or a reduced rate of tumor growth when given at the
time of implantation. The effects of poly A:U, a poor interferon
inducer, were as good as those with a good interferon inducer,
nanmely toxic and pyrogenic polyinosinic-polycytidylic (poly I:C)
acid. DPolynucleotides stimulate classical immune responses against
tumors rather than act through interferon induction (111).

Studies on Moloney virus oncogenesis in mice revealed

that there is a critical dilution of virus against which poly I:C

136,
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is effective. Marked differences in response to the anti-tumor
effect of poly I:C were observed in different strains of mice.
In 4 week old BALB/CCR and N:NIH(SW) animals there was a significant
decrease in the incidence of tumors after treatment. Four week
0ld C3H/NeN and NZB/HeN and NZB/BLN mice, however, were not
protected by the compound. There was no difference in serum inter-
feron level at 0, 3, 6, 8, 12, 18 and 24 hours after a single
s.c. injection of 200 pg poly I:C between NZB/BIN and W:WIH(SW)
strains, and in C3H/HeN mice it was higher than in BALB/c. Interferon
failed to protect BALB/CCR mice against Moloney virus induced tumors.
Pretreatment with a single dose of poly I:C, or simultaneous
administration with the virus resulted in enhancement of tumor
induction in AL/N mice at all virus dilutions tested. The data
illustrate that the relationship between host, drug, and virus
is dependent on multiple factors and is more complex than
previously envisaged. Strain of mouse, dose and time of
administration, number of injections, site of injections, dose
of virus all influence the result. AdJjuvant effect of poly I:C
on immunological reactions and direct cytotoxicity on tumor cells
by inhibiting RNA and protein synthesis could be involved in the
mechanism of action. Interferon production by poly I:C is not
related to its suppression of tumors induced by murine sarcoma
virus Moloney in mice (319; 933).

It was repeatedly observed by several investigators that

~allogeneic or xenogeneic "immune" lymphold cells exhibited an
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anti-cancer effect when given to tumor bearing hosts (9; 11; 37;
4563 613; 895). The mechanism of this well demonstrable effect,
however, remained vague. Alexander (9) suggested that RNA could
be the acting agent. It was recently demonstrated that the
passive transfer of immunocompetent lymphoid cells from allogeneic
strain 13 guinea pigs to normal adult strain 2 recipients which
were subsequently challenged with a lethal inoculum of I2ZC leukemia
significantly altered the development of leukemia. Prolongation
of survival even occurred at a dose 30-fold higher than the lethal
dose. The temporal relationship between cell transfer and leukemic
challenge was shown to be crucial, and the antileukemic effect

was observed even at a time when all donor cells had presumably
been rejected. Allogeneic cells given 1-13 days before leukemis
challenge were effective. Fifty per cent of allogeneic cell
recipients subjected to a second leukemic challenge were able to
reject this inoculum. Transfer of parental lymphoid cells from
strain 2 or strain 13 guinea pigs to (2x13)F, recipients were
equally effective in suppression of I2C leukemia. This indicates
that the rejection of allogeneic lymphoid cells by a host response
is not required. The possibility that protection results from
direct rejection, by donor cells, of I2C leukemia on the basis of
an immune response directed against strain 2 histocompatibility
antigens present on I2C cells was also excluded, since strain 2
parental cells were equivalent to strain 13 cells in affording

protection to F; recipients. It was suggested that immunocompetent



1ymphoid cells of the host may exert the primary effector

mechanism in this phenomenon although a role of cells of the
reticuloendothelial system (RES) has not been excluded. A model

for immunotherapy of guinea pigs with already existent leukemia

utilizing repeated allogeneic cell transfefs was shown to be
effective in significantly prolonging the survival of such
recipients (P € 0.001). All of the treated guinea pigs eventually
died of leukemia (265; 474).

F. Combination therapy

Several studies illustrate that the number of cures in
tumor bearing animals may greatly be improved if various forms
of immunotherapy are combined with one another and/or with
conventional therapy by drugs, surgery or x-irradiation.
Spontaneous mammary tumors of mice treated by surgery,
chemotherapy (streptonigrin, thioguanine, endoxan, cyclophosphamide,
mitomycin-C) and zymosan (a RES stimulating agent) were cured in
54% of cases, but absolute cure resulted in only 24% of the cases
if zymosan was not given (569). 1In CSH/Hl mice bearing spontaneous
mammary adenocarcinoma, treatment with double-stranded poly A:T
was a potent adjunct to surgery. Similarly, in hamsters bearing a
highly metastasising transplantable melanoma (T1196), poly A:U
reduced the appearance of early metastases by 50% as compared with
untreated animals or animals treated by surgery alone (512).
DRAZ mice injected with 105L5178Y'lymphoma cells i.p.

(lethal dose is 10 cells) could be cured up to 80% if irradiated

139,



tumor cells were injected i.p. 24 hours after tumor challenge
and BCG was given separabely at different time (878).

Studies on combination therapy was carried out with two
MCA-induced antigenically different fibrosarcomas (Mc-42, MC-
43) of CSH/HeJ'mice° A single injection of BCG, or MC-42 cells
exposed to heat inactivated VCN plus mitomycin-C, or any of these
treatments did not produce total regression of firmly established
M¢-42 tumors (0.5-10cm). A single injection of active VCN treated
MC-42 cells induced the regression of 2 out of 7 tumors. If BCG
was injected directly into the tumor mass and VCN-treated tumor
vaccine was injected elsewhere, only 1 of 14 regressed. If BCG
was injected at a separate location from the injection of VCN
tumor vaccine, or mixed, 15 of 42 tumors totally regressed (806).

When Fhrlich ascites carcinoma (EAC) cells were exposed
to 200 rads and injected to BALB/c mice there was no increase in
the survival time (control 17.8 % 0.5, exposed 16.0 4 1.8). If,
in addition, the tumor cells were exposed to heterologous rabbit
antibodies the survival time increased to 364 9.4 days. Without
previous irradiation anti-EAC antibody did not change the survival
time., This protection was increased by increasing the radiation
dose and was completed at 600 and 800 rads (332).

A variety of rat tumors could be inhibited or cured by
vaccination with Friend virus infected tumor cells. This immuno-

therapeutic effect could be strenghtened if mitomycin-C (1.5 mg/kg)

140.
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was also given to the immunized animals (498).

The response of primary benzpyrene induced fibrosarcomas
of rats to local irradiation (2000r) was greatly improved in 50%
of the animals by implanting autochthonous bilopsy material exposed
to 10,000 r in vitro. Irradiated autografts without local x-ray
tregtment had no effect on the growth of these tumors (374).

G. Immunotherapy of human tumors

It may be stated that practically all the basic ideas for
cancer immunotherapy tested in animal systems have also been tried
on cancer patients. Southam (825) concludes that although in a few
patients objective documentation of tumor regression was reported,
rarely if ever was 1t possible to conclude that the responses were
due primarily to immunologic mechanisms. This statement is also
valid for most of the recent clinical experiments done on cancer
patients (385).

A complete remission of choriocarcinoma was observed
after active and passive sensitization of the patient against
her spouse's tissue (162).

Fourteen volunteers with far-advanced malignant tumors
were treated with autologous tumor coupled to rabbit gamma-globulin
with bis-diazotized benzidine., Of the 14 treated 2 recovered and
had been tumor-free for about 4 years. Three patients have shown
stabilization or slow progression of tumor; nine have died.
Antibodies in high titers directed toward the tumors, were demonstrated

by various means in thirteen patients (212). This study was repeated



by'others on 42 pabients with advanced cancer. Only one of the
cases provided objective evidence for tumor regression. A partial
immunologic survey showed no evidence of delayed hypersensitivity
and minimal evidence of humoral antibody to tumor extracts.

There was no evidence of tumor growth enhancement (206). An
additional study on cervical carcinoma in situ with identical
method of immunization was performed on seven volunteers. All
patients exhibited histologically regressive changes during
treatment. In two cases there was gradual but Ttotal regression

a year after therapy. In a third case, regression was marked
from carcinoma in situ to minimal dysplasia. Two were treated

and cured surgically and final tissue findings confirmed moderate
regression to a stage of residual dysplasia. Two otherswere still
being observed at the time of publication of the original article.
During immunization polymorphs attacked cancer cells, they
penetrated intracellularly and caused degeneration (39).

An experimental and clinical study of the effect of
alterations of tumor cell surface topography on surface charge,
cell viability and immunogenicity was performed. It was shown
that a large number of positively and negatively charged molecules,
ranging from a molecular weight of 500 to 1,000,000 could be
attached chemically to tumor cell surfaces without damaging their
capacity to multiply and form tumors. Tumor cells thus conjugated,
with even the most immunogenic surface antigens, did not increase
protective immunity to cancer cells but in a number of instances

tumor enhancement was observed (35).

142.
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Twenty pabtients with advanced cancer have been treated

by a vigorous course of immunotherapy with tumor extract.

No striking clinical response were observed (436).
However, long remissions occurred in some patients with carcinoma

in which electrocoagulation of the tumor was the treatment of

choice (848). Cryotherapy of primary and metastatic tumors of breast,
skin, colon, prostate and pharynx has been reported to result in
elevated antibody levels directed toward subcellular components

of the destroyed tumor tissues (623).

Daily infusions of brinase (protease-1 of Aspergillus
oryzae) for 10 to 30 days in six patients (3 children and 3 adults)
with acute leukemia resulted in the production of complement-
dependent autocytotoxicity against leukemic cells and lymphocytes
and, in some instances, against platelets. Remission was obtained
in three of five patlents who were given combination therapy and
in the one patient with acute myeloblastic leukemia who was treated
with brinase alone (883; 884).

Cross immunization with non-viable tumor suspensions
was carried out between 14 pairs of patients with the same tumor
type and same major blood group. Seventeeen patients underwent

exchange of plasms white blood cells without complications. Three

patients with disseminated malignant melanoma were alive and well
10, 7 and 5 month after treatment. Two patients with disseminated
carcinoma of the colon responded to treatment, one gained weight,

returned to full time employment for 3 months and then died, the other
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was alive without evidence of tumor 8 months after treatment (437).
Twenty one patients with acute leukemia, resistant to the
available forms of chemotherapy or unable to be treated by drugs
mainly due to a significant neutropenia, were given transfusions
of leukocytes from donorg with chronic myeloid leukemia. There
were 9 remissions, 6 complete with normal blood and bone marrow,
and 3 incomplete; however, the remissions were of a short duration

(801). The use of pig mesenteric lymph node cells, from animals

immunized by implantation of multiple fragments of the appropriate
tumor in the mesentery, for the treatment of five patients with
advanced neoplasia was attempted; regression was observed in a case
of hepatic metastases of colon carcinoma with 150 day survival (854).

In two patients with metastatic melanoma, reciprocal
tumor grafts were followed by injections of buffy-coat extracts
(transfer factor) from the recipient to the donor in each case;
tumor regression was observed in one case (108).

Large amountg of either autochthonous or allogenelc
cultured lymphocytes were infused i.v. into 31 patients with advanced
malignancy. Of three patients infused with over 300 grams of
autochthonous lymphocytes, two had significant remissions without
exhibiting any severe side effects (622).

Of four patients from one family, all with clear-cell
carcinoma of the kidney, two patients (nos. 2 and 3) have been
symptom-free since nephrectomy. Patient no. 3 was found to have
symptomatic pulmonary metastases approximately a year after
nephrectomy and was given plasma transfusions for over 15 months

from patient no. 2, who has been plasmapheresed first weekly
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and then biweekly. This procedure proved successful providing
sustained remission in the recipient no.3 and no untoward effect
on the donor patient no.2 (427).

One of the most convincing clinical experiments was
done by Mathe for the immunotherapy of acute lymphoblastic leukemia
(5743 5763 577). In the first step the number of leukemic cells
were reduced by chemotherapy as much as possible, from approximately
lO12 to 108 cells. Then a further reduction was attempted by
sequential administration of all available active drugs (cyclo-
phosphamide, cytosine arabinose, dipropyloxyethyl-imino-benzoquinone,
6-mercaptopurine, methotrexate, methyl-glyoxal-bis, prednisolone,
rubidomycine, vinblastin, vincristine, vinleurosin). Some
patients also underwent meningeal radiotherapy, which was sub-
sequently abandoned erroneously, and disappointing results
occurred mainly because of several meningeal relapses. Splenectomy
was carried out in patients with splenomegaly, and any enlarged
lymph nodes were treated by radiotherapy. The patients undergoing
immunotherapy were 3-50 years old and have been highly selected,
that is, they all received prolonged chemotherapy with little
effect. Groups with the following treatment have been established:
(i) chemotherapy only (10 patients); (ii) BCG on every 4th day, then
every 8th day applied by scarification; scarification consisted of
application on each occasion of 2 ml BCG with 75 mg living bacteria
per ml on twenty skin scratches of Scm each (10 patients); (iii)
immunized with pooled leukemic cells from allogeneic donors s.c.

or intradermally. The cells were stored in dimethylsulfoxide at



_70°C until used. The first six injections (4 x 10 leukemic
cells each) were pretreated with 4% formalin in order to inactivate
any possible leukemogenic virus; later cells irradiated by 4,000
rads in vitro were injected (5 patients); (iv) this group received
a combination therapy consisting of the combined therapies given
to (ii) and (iii) (7 patients). The 10 control patients of

the first group all relapsed quickly with an average time of 66 days.
Out of the 22 patients treated by immunotherapy, 9 had relapsed

by the 130th day (x°= 6.18, P= 0.02). Later, three other
patients relapsed. Most relapses occurred early: 5 before day

30, 9 before day 100 (including the 5); four of these were late

in onset at day 210, 324 and 950. Seven patients were still in
remission more than one year after chemotherapy was terminated,

a total of six were well for more than two years; two of them for
more than three years, and one for more than four years. There
were no significant differences among the groups given BCG,
leukemic cells alone, or the association of these two forms of
immunotherapy. Meningeal radiotherapy is important and more
intensive chemotherapy is needed. The complementary application
of an antiviral agent (amantadine) is being used in one group,

and intermittent chemotherapy (vincristine) in another. No
difference has yet appeared. A similar program was carried out

by the Medical Research Council of Great Britain, in which BCG was
applied to leukemic patients without the intensive chemotherapy
and radiotherapy of the nervous system. The duration of remissions

was not greater than in the controls (576).
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As referred to in the Foreword, immunotherapy of primary
and secondary cutaneous tumors in patients has been achileved by

inducing local delayed hypersensitivity reactions with a variety

of agents. Klein (486) observed first that a chemotherapeutic
agent, trenimon (2,3,5-ethylene-imino-(1,4)-benzoguinone), which

is an inducer of allergic contact dermatitis, when applied topically
to tumors, was followed by complete regression of all epitheliomas,
a total of 110 in one patient. ILater DNCB, a skin sensitizing

agent without direct chemotherapeutic action was found to be

equally effective in the treatment of cutaneous and mucosal

tumors. A synergistic effect between immunotherapy and chemotherapy
with 5-fluorouracil was also noted. Deeper lesions responded less
favourably; but became smaller, and regressed to a second course

of immunotherapy or combined treabtment. ILesions which had

recurred following surgery or x-irradiation gave unsatisfactory
results, and after 2-5 successive courses of immumotherapy less

than 60% regressed. More importantly, sensitivity to the compound
used to elicit the immune reaction could be transferred to non-
reactive patients with white blood cells (486). In a further study
local chemotherapy with 5-fluorouracil and immunotherapy were
compared. Resolution of neoplasﬁs of 700 patients with chemotherapy
occurred in more than 95% and lasted for observation periods of

up to 8 years. ILocal side effects were minor and no systemic
toxicity was observed. More than 50 patients have been stﬁdied

by this immunotherapeutic approach and the results were essentially
similar to those obtained by topical chemotherapy. Steroid
.administration did not interfere with resolution of the neoplasms,

although the inflammatory component was suppressed (941).
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Other investigators using DNCB for the induction of
delayed hypersensitivity reactions over skin tumors noted that
not only primsry skin cancers but also carcinomas and lymphomas
metastatic to the skin regressed. Twenty of 21 patients could be
sensitized to DNCB and, in 13 patients, regression of treated nodules
compared to untreated nodules was noted. Even when the control
nodule was 1 to 2cm from the treated nodule there was no effect
visible in the control nodule (844). Furthermore regression of
melanomas were observed in 5 of 8 cases after injection with BCG,
noninjected nodules regressed in 2, and one patient recovered
completely. Two patients with osteosarcoma, one with fibrosarcoma
and one with rhabdomyosarcoma, all with unresectable multiple
bilateral pulmonary metastatic lesions were injected with BCG
into the metastatic nodules and with irradiated tumor cells mixed
with BCG intradermally. A temporary decrease in growth rate of
pulmonary metastatic lesions was observed in 2 patients and rising
antibody titers were detected in all patients, but all of them died
subsequently (624). A skin lesion that recurred after total
excision, was resistant to lrradiation and resembling either
mycosis fungoides or a plasmocytoma on histologic examination,
was induced to regress by a local delayed hypersensitivity reaction.
Nontoxic extracts of the hemolytic streptococcus, streptokinase
and streptodornase were used for sensitization (383).

Of 19 patients with proved metastases from malignant
melanoma treated by inoculation of smallpox vaccine, intradermal
deposits disappeared completely in six of ten cases. TFive of

these remgined well 2 to 22 months after initial treatment. The
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response was limited strictly to the site of inoculation (441).

Tmmunological surveillance of cancer

Thomas (881) suggested during a discussion at a conference
that "it is a universal requirement of multicellular organisms to
preserve uniformity of cell type... the phenomenon of homograft
rejection will turn out to represent a primary mechanism for natural
defence against neoplasia. Over the years Burnet (127; 128; 129;
130; 131) developed further this idea into a theory known as

immunological surveillance of cancer, according to which mechanisms

ought to exist in large, long lived animals for eliminating or
inactivating potentially dangerous mutant cells. These aberrant
cells are visualized as carrying new antigenic determinants, which
are recognized by the thymus dependent immunocytes and eliminated
by processes identically to those responsible for homograft
rejection. Moreover, he suggested that a major reason for the
development of the adaptive immunity system in vertebrates is their
susceptibility to neoplasia.

Abundant evidence cited by Burnet, and discussed also
in this survey, from both experimental and clinical studies
supports the existence of tumor antigens and an effective host
defence mechanism of immunological nature against such neoplastic
cells. It is worth noting, however, that lower animals also have
neoplasms and ways of controlling cancer, some of which resemble
immune reactions (225). In addition, non-immunological control
mechanisms, recently acknowledged also by Burnet (131), do exist

in higher animals.
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Allogenic inhibition may represent an important defence

mechanism against neoplasia (489). Iymphomas, sarcomas and

carcinomas originating in homozygous hosts grow better when
transplanted into syngeneic mice than in Fy hybrids of the

syngeneic strain and an allogeneic strain. This growth inhibition

in Fy hybrids has been termed allogeneic inhibition (398). The
phenomenon was subsequently observed by a number of other investigators
in various tumor systems (113; 293; 764), and it would appear that
allogeneic inhibition could efficiently inhibit or even destroy

small clones of antigenic tumor cells.

It is well known that surface interactions between
stromal connective tissue and parenchymal cells are essential for
the differentiation and the normal function of cells in higher
organisms (871). A breakdown of such control mechanism is evidenced

in neoplasia by the sbsence of "contact inhibition" in vitro (846)

and might be also witnessed in wvivo (279; 869; 870). Denervation
of the ear of rabbits was found to increase its sensitivity to skin
carcinogenesis by DMBA and MCA as compared to that of the

innervated ear (680), suggesting the possibility of a neural control.

The susceptibility of mammary carcinoma and some other cancers to

hormonal control is also well known (3663 435; 476; 9363 937).

Other factors such as interferon or chalones (122; 156; 777) were

also shown to play a role in the control of neoplasia.
Finally various mechanisms of DNA repair exist, and a human
disease, xeroderms pigmentosum, in which neoplasia frequently occurs,

was shown to be caused by a defect of this mechanism (168; 262; 535).
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Prehn and Lappe proposed recently that in-certain situations
a weak immune reaction actually would facilitalbte neoplastic growth,
which is conceivable, but more evidence is needed for the clarification
of this point (712; 713).

Tt may be concluded, therefore, that immunclogical
gsurveillance is not the only control mechanism of neoplasia in
higher animals and man, but probably the ultimate one, Other
mechanisms involving cell contact (allogeneic inhibition) hormones
and several of the intracellular mechanisms such as DNA repair
and interferon production seem to play also an important role.
Nevertheless convincing evidence proves that the immune system

serves as an effective control mechanism of neoplastic disease.
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Chapter IIT

EXPERIMENTAL

In vivo destruction of tumor cells by an indirect cell-mediated

immune mechanism

As outlined in the first chapter this experimental model
has been devised with a view to developing an immunotherapeutic
procedure for the destruction of antigenic tumors. For this
purpose, the first step of the system involves the establishment of

artificial neo-antigens of tumor cells which consist of tumor

specific antibodies capable of coating these cells with the
additional condition that these antibodies should be recognizable
as foreign by the tumor-bearing hosts or by animals syngeneic with
such hosts. The second step involves the destruction of coated
tumor cells by sensitized lymphoid cells, that are capable of
initiating a cell~mediated immune reaction on contact with the
foreign antigenic determinants of the tumor specific antibodies.
As illustrated in Fig. 1, the antitumor antibodies in this system
serve (i) as "homing" devices for concentrating the sensitized
cells info the foci of malignant cells and (ii) as factors capable
of activating cytotoxic potential of the sensitized cells through
the release of cytopathic medistors within the tumor foci. Hence
the destruction of tumor cells in this system 1s considered to
occur through an indirect cell-mediated immune mechanism.

To test the validity of this working hypothesis, a polyoma

virus (DNA oncogeneic’virus belonging to Papova viruses) induced



tumor of inbred C57BL/6J mice was chosen as a model system

described very early
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(Fig.6). ©Polyoma virus-induced tumors wer
as being antigenic. Both inmtracelluler (T embtigen) (909) and
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surface antigens are present on the polyoma cells.

antigens are non-virlon antigens; but are virus depesndent and,
therefore, the anbigens of all polyoma virus transformed cells

are crossreacting regardliess of the species of origin. As

previously discussed, in addition to the crossreacting antigens, virus-

independent surface antigens may also be present on tumor cells

transformed by oncogenic viruses, which ma sy be manifested as non-
J =3

crossreacting, individually specific antigen s (372). A reletionship
hetween polyome virus induced transplantation antigen and normal
embryonic antigen in hamsters was also sugges ted (681). Similarly,

as .in the case of other oncogenic DNA viruses of the Pepova an
Adenovirus classes, polyoma virus is not produced by malignantly
transformed cells as a rule, which is an adventege for immunological

work, because the released

complicate the system. An
tumor was that syngeneic Co?Bl/fJ mice are readily available
comnerically (from Jackson Laborat tories) and hence, in principle;

such gtudies would nob be limited by the number of animsls

available Tor exporiy

A. Materials and Methods
Animels: Young adult CS?Bl/GJ’(CS?) mice of both sexes,

purchased from the Jackson Iaboratories (Bar Herbor, Maine, USA)

were used throughout the experiments. In experiments where Transfler
3
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Figure 6. HISTOLOGICAL PICTURE OF POLYOMA VIRUS INDUCED TUMOR OF C57 MICE

(Hematoxylin and eosin; approximate magnification on left: 100x,

rights 400x)
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of lymphoid cells was necessary, the donors and recipients
always belonged to the same sex. New Zealand white rabbits
were obtained from local breeders.

Tumors: A tumor (Po) induced by polyoma virus in inbred
057 mice in Dr. K. Habel's laboratory (Fig. 6) and the Bl6 melanoma
of C57 mice originating from Jackson Laboratories were used. Both
tumors are readily transplantable in C57 mice and cause fatal
neoplaslia. Spontaneous regressions never occurred during the
three year period of experimentation.

Tissue culture materials: All tissue culture materials,

e.g. Eagle's minimal essential medium (MEM); MEM spinner modified;
Eagle's medium L; medium Hela; medium NCTC 109; medium 199 (ML99),
medium 1066; Hanks balanced salt solution (H); Earles balanced

salt solution; non essential amino acids for MEM; glutamine;
penicillin and streptomycin; trypsin; and lactalbumin hydrolyzate
were purchased in dry powder form from Difco Laboratoriés (Detroit,
Michigen, USA). Tissue culture media were made with triple distilled
water according to the directions supplied by the manufacturer.

Fetal calf serum: Fetal calf serum (FCS) was supplied

by the Grand Island Biological Company (Grand Island, New York,
USA)

Sheep red blood cells (SRBC) were obtained in Alsever's

solution from National Biological ILaboratory, Winnipeg.

Complete Freund's Adjuvant (CFA): CFA with 1 mg/ml

Mycobacterium butyricum was used throughout the experiments and

obtained from Difco Laboratories.
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Salts for buffer and other solutions were obtained from
Fisher Scientific Company, (Fair Lewn, New Jersey, USA.)

Antisera: Rabbit anti-sheep red blood cell (SRBC) sera
were produced in 3 animals. SRBC were washed three times in
phosphate buffered saline, pH 7.2 (PBS), and a 5 ml suspension
containing 109 SRBC/ml was injected into the rabbits three times
weekly i.v. for three weeks. The animals were bled 7 days later.
The collected sera had hemagglubinating titers ranging from 10z4 to
4096.

Goat anti-rabbit Ig sera were obtained from Microbiological

Associates (Bethesda, Maryland, USA).

Sheep anti-rabbit IgM was kindly supplied by Dr. S.

Fujimoto of this Department.

Sterilization: All materials and equipment used for handling

tissues and cells were sterilized. Tissue culbure media and
solutions were Ffiltered by pressure through 0.22y Millipore filters.
Glassware and surgical instruments were autoclaved at 121°C¢ for
15-20 minutes. Some flasks, dishes and tubes made of tissue culture
quality plastic material were purchased in a sterile form, ready
for use (Falcon Plastics, Division of Becton-Dickinson & Co., Los
Angeles, California, USA). Alcocholic iodine solution contalining
approximately 1% iodine was used for desinfection of the shaved

skin of animals before surgery for the removal of tissues and organs.

Preparation of tumor cell suspensions: Subcutaneous or

intraperitoneal tumors were aseptically removed from C57 mice and
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placed into a plastic Petri-dish containing a balanced salt solution
(Hanks or Earle solution) or tissue culture medium. Non-necrotic
tissue was then selected and minced into fine.pieces of 1-2 mm
diameters by the opposite movement of two sharp scalpels. The
minced tissue was transferred into an Erlemmeyer-flask, which
contained 30-50 ml of spinner-modified Eagle's Minimal Essential
medium (SMEM), which is free of calcium ions. A gentle stirring

by a magnetic mixer with a speed of about one revolution per second
for 15 minutes followed as a washing procedure., The tissue was

then allowed to settle for a few seconds, the supernatant discarded
with the aid of a Pasteur pipette and replaced with SMEM containing
0.25% trypsin. Trypsinization was carried out repeatedly for

30 minute periods stirred gently at room temperature until the
required quantity of tumor cells was collected. An equal amount

of FEagle's Minimal Essential medium (MEM) containing 20% FCS (which
protects the cells from trypsin injury) was added to the collected
supernatants and the cells were sedimented in capped tubes by
centrifugation (400 G, 10 minutes, 4°C). After centrifugation

the supernatants were discarded and the cells resuspended in freshly
made CMEM. All procedures were carried out under sterile conditions.
Suspensions of kidney and testis cells have been prepared in an
identical manner.

Preparation of lymphoid cells suspensions: The aseptically

removed organs (lymph nodes, spleen, thymus ) were placed into a
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plastic Petri-dish containing medium 199 (ML99), and teased with
needles or by two pieces of stainless steel mesh fixed in hemostats.
In the latter case a couple of horizontal cross wires were removed
from the meshes providing a multiple needle effect. The procedure
was carried out gently, involving mainly the opening of capsule

and stromal elements of the organs and letting the lymphoild cells
float out into the medium. After removing the cell debris by
passage of cells through a fine stainless steel mesh, centrifugation
followed (400 G, 10 min. 4°C) and the cells were resuspended in the
appropriate tissue culture medium required. The lymphoid organs as
well as the resuspended cells were kept in an ice bath or
refrigerator (4°C) for a few hours at the most until used in
further steps of the experiment; all procedures involving cells were
carried out as gquickly as possible.

Determination of cell count and viability: An equal volume

of PBS containing 0.2% trypan blue (Fisher) was added to small

amounts (0.1-0.2 ml) of cell suspensions. After 3 minutes of
incubation the cells were counted in a hemocytometer and the viability
determined. Cells excluding the dye (unstained) were considered as
viable. Cells prepared by trypsinization had over 95% viability.
Iymphoid cells varied regarding viability between 70 and 90%.

Cell cultures: In preliminary experiments it was essential

to establish the sppropriate conditions for the culture of Po cells
which were needed for the serological method to be used. The

following tissue culture media were tested for supporting the growth
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of Po cells: MEM, Eagle'’s medium L, medium Hela, medium NCTC 109,
ML99, medium 1066. Best results were obtained with MEM in Earle's
base, that has a high buffering capacity, which is essential for

the culture of the highly metabolising tumor cells. MEM was
supplemented with non-essential amino acids and glutamine, 100 unit/ml
penicillin, 100 mcg/ml streptomycin and 15-20% heat inactivated
(56°C, 30 min.) FCS (CMEM). An initial density of 5 x 10° - 10°
Po cells/ml was required for satisfactory growth. The culture was

performed at 37°C in a water saturated atmosphere containing 5% COs.

Hemagglutination: A micromethod described by Takatsy

( 858) was adapted using a "Microtiter" kit obtained from Micro-
biological Assoclates. The SRBC were washed three times in PBS, then
resuspended to a concentration of 0.5% (packed cells/volume) in PBS
which contained 1% FCS. For the determination of mouse antibodies
to rabbit immunoglobulins, washed SRBC (4%) were incubated with

a subagglutinating dilution of rabbit anti~-SRBC serum for 30 min.
at 3700, washed again 3 times, and resuspended to 0.5%. The
complement of test sera was always inactivated (56°C, 30 mins.)
before use, and dilution was carried out in PBS containing 1% FCS.
Sera tested for antiglobulin activity had previously been absorbed
with an equal volume of packed SRBCvat 37°C for 30 min.,

Mixed hemadsorption test: This method is basically a

Coombs~type antiglobulin reaction (193) as modified by Fagraeus
et al. (276a). The basic principle of the test is that different

cell types having the same immunoglobulin on their surface can be
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agglutinated with anti—immunoglobﬁlin antibodies. For the purpose
of these experiments SRBC acted as indicator cells and the coating
antibodies to SRBC or Po were produced in rabbits, and goat anti-
rabbit IgG or sheep anti-rabbit IgM were used as agglutinating
reagents. Rabbit antibodies to Po in the test sera were detected
by the binding (attachment) of SRBC coated with rabbit antibodies
to the Po cells which had been also coated with homologous rabbit
antibodies, the cross-linking reagent for the two types of cells
being the antiglobulin serum (i.e. antiserum to rabbit globulins).
As is evident from Figure 7, the indicator SRBC adsorbed only onto
the Po cells which had rabbit antibodies on thelr surface.

The test was carried out as follows: Po was grown in
tissue culture tubes (leighton-type or round) of 1 ml capacity for
48-72 hours as primary cultures. Similar cultures of C57 testis,
kidney or B16 melanoma cells were used as controls. These cultured
cells were washed 3 times with 1 ml of Hanks solution (HS), then
1 ml of the control or test serum was added, diluted in HS
supplemented with 5% lactalbumin hydrolizate (HSL) (2-fold, 5-fold
or 10-fold serial dilutions were used), and maintained for 2 hours
at room tempersture. The cells were washed again 3 times and to
each tube 1 ml of a suspension (0.25%) of indicator (antibody coated)
SRBC was added and the mixture of cells was kept at room temperature
for 90 minutes. After gentle rinsing with HS the tubes were drained
and read under an inverted microscope. The strength of the mixed

agglutination reaction was graded as follows: all cells adsorbed



Figure 7. MIXED HEMADSORPTION TEST: POSITIVE REACTION ON THE LEFT,
NEGATIVE REACTION ON RIGHT

(Wright stain, approximate magnification 100x)
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to indicator SRBC =444+ approximately 75% of the cells reacted =
++4 3 around 50% of the cells reacted =443 at least 25% of the
cells reacted =+. As a general rule 25-50% positivity was taken
as the end point for defining the titer of a given serum.

For the preparation of indicator SRBC a 4% suspension of
washed SRBC were incubated first with rabbit anti-SRBC serum which

had been diluted with PBS to a sub-agglutinating concentration and

maintained for 30 min. at 37°C. The cells were washed 3 times in

PBS and then incubated in a sheep or goat anti-rabbit immunoglobulin
serum diluted tenfold with PBS for 45 min. at room temperabure, washed
again 3 times, and resuspended to 0.25% concentration in HSL; these

double antibody coated SRBC were used as indicator cells for the

detection of rabbit antibodies on Po cells. For the successful
outcome of the mixed hemadsorption (agglutination) test, it is
important to use a strong antiglobulin serum (with a minimum
hemagglutination titer of 1000) which contains antibodies in excess
of those required to combine with all the immunoglobulins present
on the surface of SRBC; a good preparation of indicator SRBC must
not agglutinate by itself, and these cells must have free antibody
combining sites which are capable of binding specifically to the

immunoglobulins used for coating the test (Po) cells.

B. The estimation of minimal lethal dose of polyoma tumor cells

in C57 mice
The capacity of the immune system to destroy even the most
antigenic tumors is very limited in syngeneic or autochthonous hosts

and can be easily overwhelmed by a high cell dose. Therefore, it
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is necessary to establish at least the approximate minimal lethal

dose for each tumor-host system in order to be able to observe
immune reactions directed against antigenic tumors. In addition
to the number of cells, the method used for the preparation of cell
suspensions should also be stabilized, because differences in cell
viability may greatly influence the lethal dose. For all the
experiments presented in this Chapter, cell-suspensions were
prepared by trypsinization as described earlier.

To determine the minimal lethal dose of tumor cells, groups

S and 10°

of 5 mice were glven 10, 102, 103, 104, 10 Po cells i.p.

in 1 ml of CMEM., Po cells grow as multiple solid tumoré in the
peritoneal cavity as shown in Figure 8. Three weeks after the
injection, the surviving animals were killed, the tumors were counted,
excised and weighed individually. Aﬁ this time all the mice inoculated
with 10% Po cells were dead, and one mouse given lO4 cells also died.
None of the mice injected with 10 Po cells had tumors; only one of

5 mice given 102 cells had 3 small tumors and tumors were found in‘

5 Po cells, Hundred per cent take was

four of 5 mice given 10
obtained with a dose of lO4 Po cells or with higher doses. The
average numbers and weights & standard errors of tumors for the
different groups of mice are shown in Figure 9, from which it can
be concluded that the minimal lethal dose of Po cells for C57 mice

is between lO5 and lO4

cells. After extensive experimentation, it
was established that for reproducible results that it was esgential

to use a medium containing FCS (CMEM) for inoculation.
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Figure 8. DEVELOPMENT OF MULTIPLE SOLID TUMORS IN THE
PERITONEAL CAVITY OF C57 MOUSE THREE WEEKS AFTER THE
INJECTION OF POLYOMA CELLS
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Figure 9,

The number and total weight of intraperitoneal
polyoma-tumors corresponding to different cell doses.
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C. The investigation of antigenicity of Po in C57 mice

Although polyoma tumors are generally known to be highly
antigenic, changes in antigenicity were also observed and variants
of high and low antigenicity could be segregated in vitro (645; 886)
Therefore, experiments were first performed to investigate whether
or not this tumor fulfilled the requirement of antigenicity, which
was basic for this model system.

Groups of 10 C57 mice were immunized as follows: with
CFA only, with syngeneic testis cells in CFA and with Po cells
in CFA, respectively. Suspensions of testis and Po cells were
prepared by trypsinization and adjusted to 10% in ML99, then
emulsified with an equal volume of CFA. In the group immunized
with adjuvant only, CFA was emulsified with ML99. A total
volume of 0.1 ml antigen was distributed into the four foot-pads
of each mouse. Two weeks later a second injection of identically
prepared antigen was injected s.c. into the back of the
corresponding groups of mice. All immunized and a control
mice were challenged 3 weeks after the second injection with 10%
Po cells in 1 ml CMEM i.p. The experiment was terminated 19 days
later by killing the surviving animals with ether. The tumors
were collected, and individually counted and weighed for each
mouse. The resulbs (average £ SE) are shown in Table 1. Values
of tumors for mice which died within 3 days prior to termination
of the experiment are also included in this Table. As can be seen
from these results, preimmunization with Po in CFA markedly reduced
both the number of tumors and the mortality, but a relatively high

tumor weight was obtained.



Table 1.

- THE EFFECT OF PREIMMUNIZATION ON THE GROWTH OF POLYOMA TUMOR IN C57 MICE

Number of

Groups animals Preimmunization Intraperitoneal tumors Mortality
per group number weight (g) (%)
1 10 none 19,149.29 1.40+0.63 80
2 10 CFA¥% 25.8+4.93 2.24+0.43 70
3 10 syngeneic testis 33.1+£9.22 2.03+0.52 80
in CFA
4 10 polyoma in CFA 12.6+3.70 2.11+0.72 20

als
"~

Complete Freund's adjuvant

‘0LT
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No specific resistance could be detected 1f immunization
was carried out with a single injection of identically prepared
antigens. Nevertheless, these results were considered to indicate
the presence of tumor antigen(s) (TA) on Po cells, which was
confirmed on further experimentation.

D. Alteration of tumor growth by normal lymphoid cells

It was found during experimentation that normal lymphoid
cells, when administered i1.p. conjointly with tumor cells which had
been coated with rabbit antibodies, enhance tumor growth (Fig. 12)
while no such effect was observed if a subcutaneous route was used for
the injection of the cell mixture (Fig. 15). A number of experiments
were carried out to obtain more information about the nature of this
phenomencn.

Iymphoid cells were prepared from the lymph nodes, spleens
and thymuses of normal C57 mice, mixed in various combinations with Po
cells,and applied i.p. to normal recipients. The experiments were
terminated 3 weeks later according to the standardized procedure, the
tumors were collected, counted and weighed. Further detalls and the
results (mean_j SE) of these experiments are shown in Table 2, which

contains four experimental groups treated with spleen cells and another

four which received spleen cells in combination with other lymphoid cells.
In all these cagses an enhancement of tumor growth occurred in comparison
with the controls receiving Po alone, as indicated by the higher tumor
growth rate (number and weight) and mortality. According to the x° test
this increase in the number and weight of tumors was statistically sig-
nificant (P 0.01). Lymph node cells, however, enhanced tumor growth

in one of the four experiments and suppression of tumor growth occurred
in the remaining three cases as indicated in Table 2. It should be noted,

however, that a limiting factor in the experiments 1s the wide dose range



Table 2.
ENHANCEMENT OF TUMOR GROWTH BY NORMAL LYMPHOID CELLS UPON CONJOINT INTRAPERITONEAL

APPLICATION
Number Number of Dose of Lymphoid cells Tumors at 21 days Per cent
of ex- Groups animals polyoma morta-
periment per group cells source dose number weight (g) 1lity
1 5 5x10° - - 14.825.1  1.96:0.76 0
I 2 5 " Ln 2.9x105 10.7#1,9  1.38+0.52 20
3 5 o Sp 6x10/ 21 2.58 40
1 10 5x10% - - 5 19.8#9.0  1.59£0.46 10
II 2 10 o Ln 3.4x105 24.7¢5.6  2.50%0.51 10
3 10 " Sp 1x10° 29,0¥9.0 2,13%0,52 40
1 10 7x10% - - 7 26.084.6 4.5240.89 20
III 2 10 " Ln 6.7x10, 19.2£5.4  2.57:0.80 20
3 10 " Sp 8x107 48.3%3.4  5.52%0.41 60
4 10 w Ln+Sp 7.3x107 42.642.9 6.05+0.28 50
1 5 5x10%4 - - 5 22,0412 1,82£0.65 40
2 5 " Ln 2.2x105  8.0%3.4  1,4310.72 20
Iv 3 5 " Sp 3.5x10!, 27.4+7.0 2.19+0,50 40
4 5 " Tm 7x107 19.7%6.7 3.22%1.61 40
5 5 n Ln+Sp+Tm as abo- 38.6+7.0 3.25+0,67 80
ve
1 5 3x10% - - o 48214 0,44:0,16 0
2 5 " Tm 8x10 2,240.9 0,34+0,18 0
v 3 5 . Tmeln®  3.9%x107  6.6£2.0  0,61+0.20 0
4 5 " Tm+Sp*  3.2x107 16.2%6.1  3,20+0.84 0
5 5 " Tm+Ln+Sp as abo- 9.0+2.7 0.76+0.27 0
ve

Ln= lymph node cellss Sp = spleen cells; Tm = thymus cells,
* The dose of Ln or Sp cells are given only, for Tm cell dose see group No., 2.
As above = cell doses indicated in previous groups, are given conjointly.,

*CLT
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of lymphoid cells applied which makes it impossible to reach a firm
conclusion as to the effect of lymphoid cells from various sources on
tumor growth. Despite of this difficulty it would appear that spleen
cells are able to induce enhanced tumor growth. This enhancing effect
of spleen cells was reproducible, whereas the effect of other lympheoid
cells varied and was not consistent.

In further experiments it was investigated whether the course
of tumor growth could be influenced by splenectomy. Young adult C57 mice
were splenectomized as follows: a vertical incision of 3-4 mm was made
behind the left costal arc on the flank. Through the incision the spleen
was gently pulled out and detached from its serous ligaments, which were
then replaced into the cavity and the wound was closed with one stitch.

The experiments involving the i.p. route are summarized in
Table 3. As indicated in the Table a trend toward suppression of tumor
growth was observed in splenectomized animals and this effect appeared
reproducible. Simultaneously with experiment IT of Table 3, ten splenec-
tomized and ten normal animals were also administered 5x10% Po subcuta-
neously. The growth of tumors is indicated in Figure 10 (mean diameter +
SE). Again a reduced growth rate was observed in splenectomized animals.

It can be concluded that the conjoint intraperitoneal application
of Po cells with normal spleen cells tends to enhance tumor growth, while
slower tumor growth was observed in splenectomized animals in comparison
with unoperated normal controls. Tt shoud be remembered that the splenec-
tomized animals were inoculated with Po after their recovery from the
operation (i.e. 1 or 2 weeks later as indicated in Table 3 ), therefore
were considered to be comparable to normal healthy controls.Nevertheless
an additional sham-operated control group could have benn included for
more accurabe comparison. Beside this limitation both experimental

approaches indlcate the active role of the spleen in enhanced tumor



Table 3.

THE EFFECT OF SPLENECTOMY ON THE INTRAPERITONEAL GROWTH OF POLYOMA

Experi- Groups Number of Splenecto- Dose of Dose of Tumors at day 21* Per cent
ment animals my polyoma lymphoid moxrta=
per group cells cells number weight (g) 1lity
1 5 NP 1.2x10°  none 12.642.0 2.240.1 0
I
2 5 = 7 days " none 11.8+3.9 1.7+0.7 20
1 10 NP 5x10%  none 13.342,3 2.740.6 10
2 10 =14 days " none 5.7+¢1.7 1.1+0.3 0
I1
3 10 NP . 1x10°  14.0£1.2 2.940.3 20
4 10 -14 days n v 9.0£1.5 2.4+0.4 1.0

% Mean values + standard error

NP = not performed

LT



Figure 10. THE EFFECT OF SPLENECTOMY ON THE SUBCUTANEOUS GROWTH, OF

POLYOMA TUMORS IN C57 MICE
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growth., It is not clear presently whether this effect is mediated by

enhancing antibodies or by other unknown mechanism(s).

E. Preparation of specific rabbit anti-Po serum

Preliminary experiments revealed that the Po-C57 tumor
host system was suitable for testing the working hypothesis that
destruction of tumor cells may be achieved by an indirect immune
mechanism in vivo. It was, therefore, decided to use an appropriate
vrabbit antiserum as a source of tumor specific antibodies, which
would be in turn recognized as foreign in mice and would thus
serve the function of antigen(s) coating the tumor cells.

Six New Zealand white rabbits were immunized with fresh
Po, homogenized (20% by wet weight) in PBS and emulsified with an
equal volume of CFA. Seven days after six weekly s.c. injections
of 0.5 ml of this antigen the animals were bled. To render the
serum tumor specific, it was subjected to a series of exhaustive
absorption steps as described in Table 4. It is evident from
this Table that the initial hemadsorption titer of 31,250 of the
serum to Po was thus reduced to a value of 40-160. However,
it is worth-noting that by the end of this absorption procedure the
original serum was diluted sixfold and, therefore, this final
titer must be considered to be higher. Marginal reactions were
obtained with testis cells with this absorbed serum and these
cells gave always the strongest reactions of the three control
tissues used throughout the whole absorption procedure. However,
no hemadsorption was detected even with testis cells, when the

absorbed antiserum was used at a dilution of 1:5 or higher. It
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Table 4,

ABSORPTION AND TITRATION OF RABBIT ANTI-POLYOMA SERUM

Procedures for sequential Hemadsorption titers tested on moncla=-
absorption with normal yers of C57B1/6J mouse cells derived
C57B1/6J mouse tissues froms

POLYOMA  TESTIS KIDNEY B16-MELANOMA

e

Nonadsorbed serum 31,250 31,250 6,250 NT™

Ten ml serum absorbed with:
= 4 g (wet weight) 2,000
rpm pellet of homogenized
muscle at 4°C overnight
= 0,5 g 2.000 rpm pellet of
spleen and kidney at room
temperature for 30 min.
- 0,5 g testis teased at
room temperature for 30
min., ¢ 1,250 1,250 NT 1,250

- 5 g 15.000 rpm muscle pel-
let, 30 min. room temp.
- 5 g 15.000 rpm liver pel-
let, 30 min., room temp,: 250 250 NT 125

= gitrated whole blood of
14 mice, 4°C overnight: 250 50 NT NT

- tissue culture monola-
yers, /5 cmé in each
flask, 5 testis and 3
kidney flasks for 45 min,
at room temp. consecuti-

vely
= citrated blood of 15 ani-
mals at 4°C overnight: 128 32 16 NT

= citrated blood of 13 mice
at 405 overnight

= 75 cm% monolayers, 4 tes-
tis and 5 kidney flasks
for 45 min. each at room
temperature consecutively

alsafe woats
a8

Final titer: 40-160 10 NIL™ NIL™

% NT

wle
A

not tested;
serum was tested at the lowest dilution of 1:5
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is, therefore, considered that a reasonably specific antiserum
was thus obtained. The anti-Po antibodies were identified as
IgG, with the aid of specific anti-IgG and IgM sera described
earlier,

F. Production of lymphoid cells sensitized to rabbit immunoglobulins

Preliminary experiments revealed that mice do not develop
readily an adoptively transferable, delayed hypersensitivity
reaction to proteins injected as an emulsion in CFA. Therefore,
in an attempt to induce cellular immunity in C57 female mice to
rabbit immunoglobulins (RIg), i.e. to immunoglobuling isotypic with
antibodies proposed to coat Po cells, these proteins were attached
to SRBC on the assumption that they may elicit delayed hypersensitivity
if presented as an integral part of a foreign cell to the immunoclogical
system of the mouse. The following immunization procedure was used.
SRBC were suspended (1% by volume) in a 100-fold diluted (heat
inactivated) rabbit anti-SRBC serum (with a hemagglutination
titer of 1:1024) and incubated at 37°C for 30 minutes. Coated
SRBC (SRBC-RIg) were then washed 3 times in PBS and finally
resuspended in PBS to 1%, emulsified with an equal volume of CFA
and injected into the four foot pads of mice in a total dose of
0.05-0.06 ml per mouse. Two weeks later 0.1 ml of identically
prepared antigen was injected s.c. on the back., In some experiments
were used Po cells, which were coated similarly with rabbit anti-

Po antibodies, and emulsified in CFA; the first series of injections
were administered into the foot pads (3 x 10° Po cells in 0.05 ml)
and two weeks later 0.1 ml was injected s.c. into the back of each

mouse.
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Two weeks after the second injection the animals were
skin tested with various antigens by injecting a minute amount
of antigen in 2.5-5 pl volume, with gauge #30 needles, into the
skin of the back. ZIxtreme care was taken to inject this antigen
as superficially as possible and most likely between the dermis
and the muscle layer (panniculus carnosus) of the skin. A
commercially obtained preparation of rabbit gamma globulins (RGG)
or normal rabbit serum was used to test the sensitivity of mice
to RIg. A local reaction was thus elicited in sensitized mice.

A crude Po-antigen (PoA) was also prepared for skin

testing as follows: 75g wet Po tissue was homogenized in 150 ml
of distilled water, centrifuged at 20,000G for 30 minutes and the
supernatant was dialysed against 30 volumes of distilled water
three times, for 12 hours each time, Some precipitation occurred
during dallysis and was removed by centrifugation (20,000 G,
30 min. ); the supernatant was lyophilized. A total of 550 mg crude
antigen was prepared in this manner; it was found to be gkin
active as a test antigen when redissolved in PBS.

The results of four separate experiments in which SRBC-
RTg and Po-~-RIg were used as sensitizing axtigens are shown in
Table 5. The sensitivity developed by the mice was detected by
skin testing with the soluble antigens indicated in this Table.
Skin thickness was measured at the injection sites with a caliper
just before injection (Oh.) and 24 and 48 hours after the injection.

The average values and standard errors are listed in the Table.



Table 5.

DELAYED SKIN REACTION IN MICE SENSITIZED TO RABBIT IMMUNOGLOBULINS

Hemagglu-
Experi- Mice per Antigen Skin thickness tination
ment group sensitizing test Oh. 24 h 48 h  titer to
Rig
I 12 SRBC-RIg  RGG 50 pg  729+16 1025+28%
PoA 50 ug 679421 717418
IT 21 SRBC-RIg RS 2.5 pl 4811l 776£17%  743x22° 256
10 none RS 2.5 ul 480+13 670421 670+26
IIT 15 Po-RIg RGG 50 pg 767423 1053+42" 900449
PoA 50 pg 640436 910+59% 791439
v 21 Po-RIg RS 5 pl  648+11 776+14° 779420 64-128
PoA 50 pg  643+11 752+16° 716412
10 none RS 5 ul 656+18 633+17 644424
PoA 50 pg 667+17 678+15 644+18
SRBC-RIg = Sheep red blood cells coated with rabbit immunoglobulins
Po-RIg = Polyoma tumor cells coated with rabbit immunoglobulins
RGG = Rabbit gamma globulins
RS = Rabbit serum
PoA = Polyoma tumor antigen
(n) = skin thickness is given in microns (mean + SE)

% P <0,00, + P = 0.06

(compared to control site or control group respectively)

‘081
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In all experiments a significant skin thickening occurred in
sensitized mice at injection sites of the specific, but not the
control antigen. However, non-sensitized animals did not give

these reactions., Mice sensitized with Po-RIg exhibited sensitivity
to both RIg and PoA. At this stage of sensitization some antibody
activity to RIg (titers of 256) was also present in sensitized animals
as shown in the Table.

Histological examination of the reaction sites revealed
the presence of both mononuclear and polymorphonuclear leukocytes.
An area with predominantly mononuclear infiltration at the injection
m$e24hmwsaﬁmra@ﬁﬁ3h@ﬁpnof50mgImG(a@ﬂmmm:D is
1llustrated in Figure 11,

Spleen cells of sensitized rodents had repeatedly been
described to react specifically by inhibition of migration of antigen
(275; 2763 548; 874). Spleen cells of sensitized mice from
experiment I were examined in a capillary tube migration system
in comparison with controls. Medium 199 ﬁith 10% FCS was used
with or without RGG, as specific antigen. Mean areas of migration
determined at 24 hours and standard errors are listed in Table 8.

It is clear from this Table that the strongest inhibition of
migration occurred when spleen cells sensitized to RIg were
incubated with RGG.

A1l the results presented indicate that cell-mediated
immunity was induced in mice by this method of immunization, in

addition to the weak humoral antibody response.
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Figure 11, DELAYED SKIN REACTION IN C57 MICE SENSITIZED WITH SRBC=RIg AT
24 HOURS AFTER THE INJECTION OF 50 pg RABBIT GAMMA GLOBULINS
The cellular infilfration is predominantly mononuclear.
(Hematoxylin and eosinj approximate magnification on left, 100x,

on right, 400x)
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Table 6,

INHIBITION OF MIGRATION OF MOUSE SPLEEN CELLS BY RABBIT GAMMA GLOBULINS

Experi- Sensitizing Mean areas of migration + SE"
ment antigen on addition of antigen
no RGG 2.5mg/ml RGG Smg/ml RGG
I none 98+3.3 88+2.3 (10%) 101+2.7 (=3%)
Il none 82+4.4 66+2.1 (19%) 84+6.6 (=2%)
III SRBC=RIg 57+5.0 35+0.6 (39%) 44+3,2 (22%)

* The corresponding per cent inhibition of migration observed on addi-
tion of antigen is indicated in brackets

RGG = Rabbit gamma globulins

SRBC-=RIg= Sheep red blood cells coated with rabbit immunoglobulin
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G. Adoptive transfer of immunity

In order to investigate if lymphoid cells sensitive to
RIg were able to inhibit the growth of or destroy Po cells which
had been coated with specific antibody (Po-Ab), these lymphoid cells
were injected with Po-Ab into normal C57 recipients either intra-
peritoneally or subcutaneously. Several experiments of this nature
were performed.

Polyoma cells were obtained by trypsinization in all
cases, washed once by centrifugation (400 G, 10 minutes, 4°C) and
resuspended in M99 at a density of 108 ce11s per ml., The tumor
cell suspensions were divided into two equal parts; to one part
was added the absorbed rabbit anti-Po antiserum at a final
concentration of 1:100. Both samples of cells were incubated at
3790 for 30 minutes, followed by two washings in ML99 and
resuspended in CMEM. With the exception of coating the cells, all
other procedures including the mixing of tumor cells with lymphoid
cells were carried out at 2-4°C and maintained at this temperature
(ice bath) until injected into mice.

For the first experiment sensitized lymphoid cells (s1C)
were prepared from the spleens, mesenteric, axillary and inguinal
lymph nodes of immunized animals listed under experiment IT of
Tgble 5., Twenty days after the second antigen administration,
normal lymphoid cells (¥LC) were obtained from nontreated mice.
Three groups of 5 mice each received 105 Po-Ab, lO5 Po-Ab plus

108 NIC and 10° Po-Ab plus 108 SIC, respectively. In addition,
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10 mice, which had been preimmunized with SRBC-RIg in CFA, were

injected with 10° Po-Ab, All injections were given in a total

of 1 mi CMEM intraperitoneally. Three weeks later the animals were

killed and the intraperitoneal tumors were collected, counted and

weighed. TFigure 12 shows the results. The most striking feature

of these results is the marked enhancement of tumor growth in

the presence of NIC as well as in animals preimmunized with SRBC-RIg.
In the next experiment sensitized lymph node cells (INC)

and sensitized spleen cells (SPC) were prepared as before 20 days

after the second injection of SRBC~RIg and injected with coated

or noncoated Po cells to eight groups of 5 animals ag listed below:

(1) 5x10% o
.

(2) » + 7.2x10" INC
(3) v + 6 x10' sEC
(4) v 4+ 7.2x107 INC + 6x107 SPC

(5) 5x10% Po-Ab

(6) v + 7.2x107 INC
(7) v + 6 x107 SPC
(8) v + 7.2x107 INC + 6x107 SPC

A1l cell doses were administered in a total volume of 1 ml CMEM
i.p. The experiment was terminated as previously and the results
are shown in Figure 13 for groups 1l-4 in the upper graph and for
groups 5-8 in the lower one. The upper graph indicates that non-
coated cells (i.e. in absence of specific antigen) were enhanced
by all three lymphoid cell populations, while enhancement of coated

cells did not occur with INC + SPC (lower graph), which is in good.
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Figure 12.

The effect of normal and sensitized lymphocytes,
and circulating mouse-rabbit antiglobulins on the
growth of rabbit antibody coated polyoma cells
in the peritoneal cavity.
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correlation with the previous experiment, Nevertheless even
coated cells were enhanced by spleen cells.

One more experiment was performed with cell transfer by
the i.p. route. Sensitized lymphold cells were prepared from the
spleens and lymph nodes of mice immunized with Po-RIg three weeks
after the second injection. These cell donors showed a delayed
skin reaction to both RIg and PoA as tested one week earlier
(experiment IV of Table 7). Normal lymphoid cells were obtained from
‘nontreated animals. Groups of 5 animals each were injected with

4 7 NLC, and 4x10% Po-Ab+4.5x107 SIC

4x10% Po-Ab, 4x10% Po-Ab+3x10
i.p. respectively. As shown in Table 7 normal lymphoid cells
greatly enhanced the growth of Po in the peritoneal cavity, while
sensitized lymphoid cells protected completely 4 of 5 animals. All
the other animals had tumors at 21 days after injection as indicated
in this Table. It may be inferred from these results that lymphoid
cells sensitized against RIg, as well as to Po, provide a better
protection than cells immune to RIg only.

A series of experiments were performed on preimmunized
animals which were challenged, together with groups of normal
controls, two weeks after the second injection of SRBC-RIg with
either Po or Po-Ab i.p. The experiments were evaluated 3 weeks later
in the usual way. The results (mean values + SE) are summarized
in Table 8. Except for the first experiment, where enhancement appears

in preimmunized animals, no significant change in tumor growth was

detected.



Table 7.

SUPPRESSION OF TUMOR GROWTIH IN VIVO BY LYMPHOID CELLS SENSITIZED WITH RABBIT

ANTIBODY COATED POLYOMA TUMOR CELLS

Intraperitoneal tumors in animals injected with

Number of Po=Ab Po-Ab+NLc Po=Ab+SLc
animals number weight (g) number weight (g) number weight (g)
1 5 0.38 24 2.75 0 0
2 2 0.81 81 5.30 0 0
3 3 0.43 40 3.05 0 0
4 3 0,21 32 1.92 0 0
5 died died 10 1.30 3 0.10
Average 3.25+1.87 0.45+0.09 37.4411.9 2.86+0.68 0.6 0.02
Po=Ab = polyoma tumor cells coated with rabbit antibodies
NLec = normal lymph node cells plus spleen cells
Sle = sensitized lymph node cells plus spleen cells

061



Table 8.

THE GROWTH RATE OF POLYOMA TUMOR CELLS COATED AND NON-COATED WITH RABBIT ANTIBODY IN PREIMMUNIZED

AND CONTROL ANIMALS

Experi- Groups Number of Preimmuni- Dose of tu- Intraperitoneal growth of
ment animals zation mor cells Po cells ‘ Po-Ab cells
per group number weight (g) number weight (g)
5 none 10° i.p. ND ND 9.4¢7.2  0.840.7
I
5 SRBC=Ab " ND ND 41.9+8.6 3.0+0.7
10 none 5x10% i.p. 19.4%5.6  1.7x0,1 13.0£3.3  1.6£0.1
I1
10 SRBC=ADb " 19.645.5 2.440,.6 10.1+3.9 1.7+0.5
5,
10 none 10 i.p. 8.5+2.1 1.,4+0.6 4,9+¢1.3 0.6+0.3
11T
10 SRBC-Ab o 6,8+1.4 1.6+0.6 6.8+0.7 0.7+0.2
Po = polyoma tumor
Po=Ab = polyoma tumor cells coated with rabbit antibodies
SRBC=Ab = sheep red blood cells coated with rabbit antibodies
ND = not done

Mean values + standard error are listed in the table

‘161
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A number of experiments were also performed with lymphoid
cells from animals immunized with a single dose of SRBC~RIg in CFA,
given into the foot pads. The cells transferred i.p. with Po-Ab
to normal recipients 5-10 days after immunization never
exerted any specific effect on tumor growth.

H., Investigation of the effect of immune serum on tumor growth

Four ‘experiments were performed to investigate if sera
obtained from animals sensitized with SRBC-RIg have any effect on
tumor growth. The sera used had a hemagglutination titer of 64-128
after absorption with an equal volume of packed SRBC and tested
with SRBC-RIg. Table 9 gives further details of these experiments.
In the first two experiments some nonspecific effects of serum
treatment can be seen on the growth of both Po and Po-Ab. Heat-
inactivated sera (56°C, 30 min.), stored at -20°C, were administrated
into mice in these experiments. In the next two experiments, fresh
(i.e. not inactivated) sera were used, but no gsignificant effect was
observed, although in one of these experiments (experiment IV) both
the tumor cells and the immune serum were given intraperitoneally.

I. Tumor suppression in vivo

Tt was obvious from the previous experiments that the
intraperitoneal route favours enhancement, rather than tumor inhibition,
therefore, in subsequent experiments the route of administration
was changed from intraperitoneal to subcutaneous. Tn These
experiments, the tumor diameters were measured with a caliper, from

the appearance of the tumor until the death of the animal. Groups



Table 9.

THE GROWTH RATE OF POLYOMA TUMOR CELLS COATED AND NON=-COATED WITH RABBIT ANTIBODY IN RECIPIENTS OF

IMMUNE SERUM

AND IN CONTROLS

Number of Dose of Dose of tu- Intraperitoneal growth of
Experiment animals immune mor cells Po cells Po=Ab cells
per group serum number weight (g) number weight (g)
5 none 5x10% i.p. 18.64 4.6 2,3%0.7  18.4+414.1  1.0+0.6
I
: 5 0.4ml i.v. " 39.8+18.8 2.4+0.9 34,0+10.2 2.5+0.5
5 none 10° i.p. 25,2+ 9.6 3.0:0.4  23.8+ 1.1  3.7+0.4
i1
5 0.5m1 i.v, " 13.2+ 5.6 1.5+0.5 10,6+ 0.7 1.1+0.4
10 none 5x10% i.p. 19.4¢ 5.6 1.740.1  13.0+ 3.3  1.6£0.1
III1
10 0.2m1%i.v, o 18.2+ 0.4 2.7+0.5 10.7+ 3.2 1.8+0.5
10 none 10° i.p. 8.5+ 2.2  1.4#0.5 4.0+ 1.1 0.5+0.2
v 5
10 0.4m1"i.p. " 7.6+ 2.6 0.7+0.4 7.2¢ 1.3 0.7+0.2

* Fresh serum,

i.e.

Po = polyoma tumor cells
Po=Ab = polyoma tumor cells coated with rabbit antibodies

not heat=inactivated

‘€61
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of ten C57 mice received on their back s.c. 10° Po or 10° Po-Ab
cells, with and without lymphoid cells from mice immunized with
SRBC-RIg prepared 3 weeks after the second injection or from normal
donors in the combinations indicated in Figures 14 and 15. As an
additional control, the effect of preimmunization of mice with
SRBC-RIg on the growth of Po and Po-Ab cells was also established
in two groups of ten mice each (Figure 16). The points plotted in
Figures 13-15 represent mean tumor-diameters in mm * standard error.
Standard errors were calculated as long as at least 4 animals remained
alive in the group. The bregks in linearity of the curves are
considered to be due to the death of animals bearing the largest
fumors.

As is evident from the results plotted in Figure 14, coating
of Po cells alone did not affect significantly the growth rate
of the tumors and the addition of SIC to non-coated Po cells resulted
in some suppression of tumor growth. Clearly, however, the growth
of Po-Ab cells was greatly suppressed in the presence of SLC and
it is to be noted that 100% mortality was observed in all groups
of mice except in the last groﬁp receiving jointly Po-Ab and SIC;
two animals (20%) of this group remained tumor free for over one
year after treatment.

The results shown in Figure 15 demonstrate that NLC were
not effective in suppressing the growth of Po-Ab cells, when
substituted for SIC. Tt is to be stressed that in order to bring

out any possible weak cytoclastic effects of NIC, the dose of Po
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and Po-Ab cells was smaller (5x104) and the dose of NIC larger

(6xlO7) than the corresponding doses in the experiments with SIC
(please compare doses of cells in Figure 14-15)., Moreover, in the
tpreimmunized control! animals (i.e. which had been sensitized with
SRBC-Ab) the growth rates of Po and Po-Ab cells were not significantly
different and also did not differ from those determined in normal

mice as illustrated in Figure 16. Humoral antibodies against RIg

were present in these animals and 1t may be visualized that these
antibodies were responsible for this uninhibited growth by playing

a role similar to that of enhancing antibodies.

J. Discussion and conclusions

The salient feature of this model is the prerequisite
of being able to coat malignant cells with the corresponding tumor
specific antibody, which thus assumes the role of carrier of new
antigenic determinants. In these experliments a heterologous
antibody was produced in rabbits against the polyoma tumor grown
in C57 mice. As demonstrated in this study with the aid of the highly
sensitive mixed hemadsorption technique, it was a very difficult
task to prepare an absolutely specific, heterologous antitumor
serum by exhaustive absorption with normal tissues. Finally,
a reasonably specific antiserum was obtained, but it still possessed
a minimal residual reactivity against testis cells, which
reacted always very strongly with the rabbit anti-Po serum during
absorption. Although no definite proof was obtained that the
Po tumor and testis cells shared a common antigenic determinant

which was not present on cells of cther organs, the experimental
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findings suggest that testis cells and this Po tumor may possess
common, perhaps embryonic-type, antigenic determinants. This
tentative suggestion is also favoured by the recent report (681)
that there exists a relationship between polyoms virus induced antigen
and normal embryonic antigen in hamsters. In spite of this
difficulty, the experimental results reported in Section I of

this Chapter provide strong evidence that the absorbed rabbit
antiserum contained antibodies capable of binding specifically to
Po cells; the fact that the absorbed serum had no antibodies which
could become attached to Bl6 melanoma cells (grown also in C57
mice) is considered to provide further (though indirect) evidence
that the serum had been depleted of antibodies to most, if not

to all, normal tissue antigens of the C57 strain.

The second condition, on which this model is predicated
is that one should be able to mount a strong cell-medisted
immunity against the antigenic determinants of the antibodies
coating the tumor. No definite proof was obtained in this study
that rabbit gamma globulins, which are highly immunogenic proteins,
are actually suitable for the induction of this type of sensitization.
In this connectlon it is worth noting that even in the guinea
pig, which is the speciles of choice for induction of cell-mediated
immune reactions ("delayed hypersensitivity") to various antigens,
stimulation with protein antigens given intradermally or in
incomplete Freund's adjuvant has been recently shown to result in
a respoﬁse involving predominantly basophilic granulocytes. This

reaction was claimed to be fundamentally different from the classical
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(tuberculin-type) delayed hypersensitivity reaction and termed
as "cutaneous basophil hypersensitivity" (751, 752). Therefore,
in retrospect, the fact that in the present study it was not
possible to demonstrate a clear-cut cell-medisted immunity in
mice to rabbit proteins is not totally suprising. Nevertheless,
the experimental results presented in this Chapter demonstrate
that the model proposed for the lmmunotherapy of cancer is
feasible.

An immunologically specific inhibition of tumor growth
was achieved by sensitized lymphoid cells in contact with tumor
cells coated with the specific antigen. It is, therefore, proposed
that the model underlying this study represents a promising
approach for the development of immunotherapeutic procedure for the
destruction of antigenic tumors. The use of rabbit antibodies
as 'artifical! neo-antigens presents the advantages that
(i) they can be prepared in relatively larger quantities than the
corresponding tumor antigens themselves and (ii) cell-mediated
immunity can be directed against antigenic determinants of normal
rabbit globulins. Hence, it is anticipated that such neo-antigens
may be used asa 'homing' device for localizing in tumor focil
lymphoid cells specifically sensitized to the antibodies coating
the tumor cells and that this model may be thus exploited for
the immunotherapy of cancer on a systemic level,

Although mouse antibodies to rabbit globulins were

presant in sera of sensitized mice, such ‘'immune’ sera did not
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have any specific effect on the growth of rabbit antibody-
coated Po cells, even when injected simultaneously. Therefore,
it would appear that under the experimental conditions chosen
for this investigation, tumor destruction was mediated by Ilmmune
cells rather than by serum factors. However, further studies
are needed for the detailed elucidation of the immunological
mechanisms involved.

In additional experiments, related to the model system
under investigation, it was revealed that spleen cells enhanced
fumor growth upon conjoint intraperitoneal application with Po
cells, but not when administered by the subcutaneous route.
Conversely, splenectomy increased host resistance to this tumor.
These results indicate the complexity of the factors determining
tumor immunity in Po bearing hosts, and 1t may be suggested that
immunological enhancement 1s an important escape mechanism,for

this antigenic tumor.
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Chapter IV

Immune Response in Vitro against Tumor Cells

Rationale

During in vitro experimentation with a methylcholanthrene
induced tumor in inbred strain 13 guinea pigs, the candidate
discovered that when lymph node cells from outbred Hartley guinea
pigs were cultured together with tumor cells in Ieighton tubes,
foci of round cells appeared on the monclayer by day 6. The round
cells rapidly proliferated and within the next 2-3 days the
monolayer disappeared completely leaving behind numerous round
cells which floated freely in the medium. The floating cells
obtained from such cultures morphologically resembled transformed
lymphocytes (e.g. lymphoblast, plasma cell). This finding prompted
the candidate to explore the possibility of developing an
in vitro system for the study of the immune response against
tumor cells and of the various immunological parameters determining
tumor-host relationships. Obviously, underlying this study, was
the expectation that this system may lead to the development of an
immunotherapeutic procedure for neoplasia by immune lymphold cells
produced in vitro. Experiments done in this direction and the
current phase of development of this system will be presented in
this Chapter.

A, Materials and Methods

Animals: A colony of strain 13 guinea pigs (Gp 13) was

founded by the author with breeders generously provided in 1869 by
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Dr. Merrill W. Chase of the Rockefeller University, New York,
N.Y., and since that time breeding was carried out in strict
brother-sister or parent-offspring mating under his direct
supervision.

A few guinea pigs of the Heston strain (GpH) were obtained
from the National Institute of Medical Research, London, England
and bred also in the animal facilities available to the candidate
in the Department of Immunology.

Outbred guinea pigs of the Hartley (GpHa) strain were
purchased from local breeders.

The inbred C57Bl/6J (C57)mice were obtained from
Jackson Laboratories.

Tumors : A sarcoma transplantable in Gpl3, designated
as MC-D, was kindly supplied by Dr. H.F. Oettgen of the
Sloan-Kettering Institute for Cancer Research, New York, N.Y.
This tumor had been originally induced in young (1-4 week old)
female guinea pigs by injecting 5 mg of 3-methylcholanthrene (MC)
subcutaneously under the shaved skin of the abdomen, and appeared
after a latent period of 13-14 months (Figure 17). It had been
maintained by serial passage in Gpl3 by bilateral subcutaneous
implantation with a trocar piece (approximately 40 mg/animal) and
was received at the 65th transplant generation in 1969. At the
Sloan-Kettering Institute it had been shown that syngeneic animals
which were immunized with MC-D homogenates in CFA exhibited a

specific delayed hypersensitivity skin reaction at the site of



Figure 17. HISTOLOGICAL PICTURE OF MC=D SARCOMA INDUCED BY METHYLCHOLANTHRENE
IN STRAIN 13 GUINEA PIGS
Note a round cell with lymphoid morphology in the upper right cor-
ner., (Hematoxylin and eosin, approximate magnification on left

100x, right 400x).
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injection of the tumor extract. Skin tests with extracts prepared
from fetal tissues, obtained 2.5 and 5 weeks after mating, were
negative, and tumor extracts did not produce skin reactions in
guines pigs immunized with homogenates of fetal tissue (658).

For details of the polyoma (Po) and BL6 melanoma (BL6)

tumors of C57 mice, please see the previous chapter.

1929 cells representing a neoplastic cell line of C3H
origin, induced by methylcholanthrene in vitro (249), were
obtained from Microbiological Associates, Belhesda, Maryland, USA.

Tissue culture materials, fetal calf serum (FCS) and

buffer salts were obtalned from suppliers as described previously.

All stains used were supplied by Fisher Scientific Company, (Fair

. . . o 13 ]
Lawn, New Jersey, USA.) Radicactive iodine (I l) was obtained

from the New England Nuclear Co.,(Boston, Mass., USA.) Triethyl
phosphate was supplied by Eastman Kodak Co.,(Rochester, USA.)
Heparin-sodium was purchased from General Biochemicals, (Chagrin
Falls, Chio, USA.)

Antisera: Rabbit antiserum to guinea pig F(ab')2

preparation and fludrescein isothiocyanate (FITC) tagged sheep
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anti-rabbit IgG were prepared and kindly supplied by Dr. S. Fujimoto

of this Department.

1151 1gbelled rabbit antibodies to guinea pig F(ab')2

fragments were prepared by Dr. P. Strausbauch, during his fellowship

tenure in this laboratory, with whose collaboration the radioimmuno-

assay was carried out according to a recently described method (414).
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Sheep anti guinea pig globulin was obtained from Grand
Island Biological Co., (Grand Island, New York, USA. )

Syngeneic anti-MC-D sera were produced in Gpl3 animals

7

by injecting 10' MC-D cells intradermally on the interscapular
region. The inoculum grew progressively for 7-8 days and was then
rejected. On repeated intradermal injections a local reaction
occurred, which resembled macroscopically a delayed hypersensitivity
skin reaction lasting for 3-4 days. As will be discussed in

detail, such animals had circulating antibodies and resisted a
subcutaneous dose of MC-D cells, which was much higher than the
minimal lethal dose in unimmunized animals.

Outbred guinea pigs (Heston and Hartley) were also
immunized by subcutaneous trocar grafts of MC-D. After an initial
growth the tumors were rejected in about 10 days (allograft reaction).
The injections were repeated, at monthly intervals, several times
and the animals producing antibody, detectable by the hemadsorption
test, were bled and their serum stored atb -20°C until use.

Anti-8RBC serum was prepared also in Heston guinea pigs
as follows. One ml of washed SRBC suspended in PBS at a concentration
of 10% was injected i.p. 3 times weekly for 3 weeks and the animals
were bled 10 days after the last injection. Hemagglutination
titers of collected sera ranged from 128 to 512.

The preparation of tumor and lymphoid cell suspensions

was carried out by procedures analogous to those described for

mouse cells in the previous Chapter.
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The separation of white blood cells (WBC) for some of the

experiments was achieved by differential sedimentation in dextran.
Blood was drawn into heparinized (25 units/ml) plastic syringes and
placed into centrifuge tubes. To nine volumes of blood was added
one volume of a 10% dextran (MW 250,000; Pharmacia, Sweden) solution
in PBS, which had been autoclaved at 121°C¢ for 20 minutes. The
dextran was mixed with the blood and the tubes were incubated in

a vertical position at room temperature until the red blood cells
sedimented to the bottom of the tubes (40-60 minutes). The
supernatants, rich in WBC, were collected, washed three times in
ML99 with gentle centrifugation (400 G, 4°C, 10 min. ) and
resuspended in CMEM.

Cell cultures: For the cultures of MC-D and other guinea

pig cells, Eagle's minimal essential medium,complemented as pre-
viously described (CMEM), was used. Other media (e.g. Eagle's
medium I, medium Hela, medium NCTC 109, ML99, medium 1066 and
medium RPMI 1640) were also tested for supporting the growth of
guinea pig cells, but they were proven to be less efficient than
CMEM and were not used in later studies. Incubation was éarried
out at 37°C in a water saturated atmosphere containing 5% COy.
MC-D does not grow readily in culture. 1In order to
initiate growth it was found necessary to start the culture with
a cell number of or close to 10° trypsinized cells per milliliter
of medium. Some of the cells degenerate after an initial growth
and eventually die, but othersbecome adapted to the in vitro
conditions in about 2 weeks and continue to grow very well with a

good plating efficiency.
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For the subculture of MC-D and other cell lines, the
monolayers were washed 3 times with a balanced salt solution
which was free of calcium and magnesium, and incubated at room
temperature with 0.25% trypsin dissolved in SMEM until the
monolayers could be washed off with a Pasteur pipette (10-15 min. ).
To facilitate the removal of the cell suspension, the tip of the pipettes
were bent to a right angle over a small Bunsen flame. An equal volume
of CMEM was added to the suspension of cells to protect them from
further trypsin action, and the cells were sedimented in capped
centrifuge tubes (400 @, 4°9C 10 min.). The cells were resuspended
to the desired concentrations in CMEM (usually around 10° cells/ml),
placed into culture vessels and incubated as previously described.
When tissue culture lines of MC-D were reinjected into
syngeneic animals, tumors could be induced with cells kept for
40 days in culture (6th subculture), but not with cells cultured
for 130 days (25th subculture).

Staining procedures: In order to obtain good guality

preparations various cells were cultured on coverslips in Leighton
tubes of 1 ml capacity. The coverslips were then removed at
different stages, as desired, and stained according to one of the
following procedures.
Wright stain - fixation and staining with Wright solution of
the air dried preparation for 1-3 min.
- an equal amount of distilled water added to the
stain and left for another 2-6 min.

- rinse with tap water, dry and mount.



Giemsa stain -
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fixation of the air dried preparation in ab-
solute methanol for 3 to 5 minutes.

stain for 30 min. in Giemsa stain (1 volume
stock Giemsa stain and 2 vol. M/15 phosphate
buffer pH 6.51 added to 47 vol., of distilled
water ).

rinse with tap water, dry and mount.

Methyl green pyronin:stain: the method recommended by Parker

( 676 ) was used, as indicated briefly below:

fix slide preparations in Kahle's fluid and
bring to water.

stain in methyl-green-pyronin solution for 1 hr,
and continue treatment by handling one slide at
a time. |

plunge quickly into distilled water, renewed
frequently.

blot guickly with filter paper.

plunge immediately into a mixture of tertiary
butyl alcohol (3 parts) and absolute ethyl
alcohol (1 part)~% min. with continuous agitation.
rinse quickly in xylene.

xylene, two changes, 5 min. each.

mount in Permount.

Hemagglutination was carried out as previously discussed.

Inhibition of hemagglutination: The micromethod with

volumes of 0.025 ml (g58) was used for the detection of immunoglobulins
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of guinea pig origin in the culture supernatants. SRBC are coated
with a subagglutinating dilution of guinea pig anti-SRBC antibodies
(SRBC-Ab) were reacted for agglutination with a sheep anti-guinea
pig globulin serum or rabbit antiserum to guinea pig F(ab!)2
fragments. Test supernatants were diluted serially (2-fold) in
PBS + 1% FCS, and to each well in the microplate was added, the
agglutinating antiserum corresponding to 4 hemagglutination units
(titer/4 dilution). After 30 minutes incubation at room
temperature 0.025 ml of 0.5% SRBC-Ab (which was used for the
titration of hemagglutination units) was added, and after a few
hours the results were evalugted as discussed earlier.

Antiglobulin consumption test: This test was used to

detect immumoglobulin of guinea pig origin on the surface of
lymphoid cells. The rabbit anti guinea pig F(ab?)2 preparation
or the sheep antl guinea pig globulin serum (diluted to four
hemagglutination units) was incubated with thellymphoid cells
to be tested, for 30 min. at room temperature. The cells were
then removed by centrifugation and the supernatant was back
titrated for its residual agglutinating capacity with reference
to that of the original antibody preparation used.

Mixed hemadsorption was carried out as previously

described.

Tmmunofluorescence test: Cells were grown in Leighton

tubes which contained coverslips. The cells on coverslips were
fixed in ice cold acetone for 10 min. and treated with rabbit anti
guinea pig F(ab')2 serum, or with control sera for 30 min, at room

temperature, in a wet chamber (Petri-dish). The slides were washed
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3 times in PBS and were reacted with FITC-tagged sheep antirabbit
IgG for 30 min at room temperature, washed 3 times in PBS and
finally mounted in PBS containing 10% glycerin and tested for
fluorescence under a fluorescent microscope.

Radioimmunocassay: The basic principles of this procedure

were identical to those described for the detection of membrane
antigens associated with the Epstein-Barr virus (414). Briefly,

the globulin fraction of rabbit anti guinea pig F(ab')2 serum was
precipitated with ammonium sulfate (at 50% saturation) and the IgG
fraction isolated on a diethylaminoethyl-cellulose column and
labelled with carrier-free lSlI by a modification of the Chloramine-T
method. The protein concentration of the IgG fraction was determined
spectrophotometrically and adjusted to 2 mg/ml with 0.15M sodium
phosphate buffer, pH 7.5. First, 50 Ul of this protein solution

1317 and then

was added to the vial containing 2 me of carrier-free
0.1 ml of chloramine-T (Eastman Kodak) solution was added at 1 mg/ml
in the above buffer. The reactlon was allowed to proceed at room
temperature for 30 minutes and then stopped by addition of 0.2 ml
sodium metabisulfite (1,25‘mg/ml) and 0.2 ml sodium iodide solution
(10 mg/ml). After 1 minute, the entire reaction mixute was
transferred to the top of a small Dowex column (AGlﬁZ, 200-400

mesh, chloride form) in a Pasteur pipette and pre-saturated with

5% rabbit serum. The radioiodinated protein was eluted from the

column with 2 ml of phosphate buffer containing 5% normal rabbit

serum at 4OC.
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Cultures of various cell lines were initiated with
5%10°-10° cell/ml in disposable plastic tissue culture tubes
(Falcon Plastics; Cat. no. 2003) containing 1 ml CMEM each and
locked in a tissue culture rack at a 15° angle. After 2-3 days
of culture at 37°C the cells were washed 3 times with Hanks
solution (H). The sera to be tested were diluted with CMEM, or
with MEM 4+ 10% normal rabbit serum, and 1 ml was added to each
tube. TIncubation followed for one hour at 37°C and the tubes
were washed again 3 times with H solution. Then 50 1l of lglI
rabbit anti-GpIgG antibody in 1 ml of CMEM or MEM + 10% normal
rabbit serum was added to each tube and incubated for Z hours
at room temperature, which was followed by washing 3 times the
tubes again with H solution. Finally, the radibactivity was
determined in each tube with an Automated Gamma Counting System
(Model 4233, Nuclear-Chicago Corp. Des Plaines, Ill. 60018, USA).

Cytotoxicity test: All attempts to quantitate

cytotoxicity by the release of isotope from 51Cr—labelled MC-D
cells failed, because 50-60% of the chromium was non-releasable
even upon freezing and thawing 3 times. On the other hand, most
of the releasable portion of the isotope was discharged spontaneously
during 24-48 hours, and, therefore, only little, if any,
radiocactivity was available for specific release. Consequently,
this procedure had to be abandoned and the surviving target cells
after cytotoxicity reactions were quantitated by the method described
below.

(i) Cultures of target cells were started with 105 cells/ml

on coverslips in Ieighton tubes of 1 ml capacity. The coverslips



were removed st the desired stage of the reaction, stained
(Wright stain) and the survival rate of target cells was
established (by comparison with controls) by counting the cells
in 10 microscope fields (magnification 300x) at 3 mm distances
apart along the median line of each of the 10x35 mm coverslip.
(ii) Cultures of target cells were started in plastic
microtest plates, covered with a lid (Falcon Plastics, Cat. no.
for plabte 3040, for 1lid 3041); 103-]_04 cells in 0.2 ml CMEM were
spaced into each well, At various intervals after adding the
materials (cells or cell free supernatants) to be assayed
for cytotoxicity, the plates were stained according to Glemsa.
A1l cells in a continuous zone along the diameter of each well
(5 microscope areas at magnification 300x) were counted under an

inverted microscope.

Inhibition of macrophage migration: The principles of

this test were discussed in a recent review (548). In order to
obtain peritoneal exudate cells (PEC), normal guinea pigs received
i.p. 30 ml of sterile (autoclaved at 121°C for 20 min.) light
paraffin oil (Fisher). Three days later 50 ml of M199 or SMEM
was injected i.p. into each animal and, after gentle massage of
the abdomen drawn back into the plastic syringe. The syringes
were left in a vertical position (downward with the needle) at
room temperature until the oil separated out on top of the water
phase. This was followed by the collection of cells, which were
located in the lower phase, into capped centrifuge tubes, and by

washing them 3 times in M199 (400G, 4°C, 10 min.). PEC were

213.
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resuspended to 10% by volume in CMEM and transferred into
capillaries (1x100 mm; Kimax, Cab. no. 34502, USA) to approximately
3 of the total length, by capillarity. The empbty (%) ends of the
capillaries were sealed over a small Bunsen flame and placed down-
ward into capped centrifuge tubes. The cells were packed by
centrifugation (400G, 4°C, 20 min.) and the capillaries were

cut with a diamond pencil at the interphase between cells and
supernatant. Four capillaries containing packed PEC were fixed

on the buttom of each small sterile plastic Petri-dish (Falcon
Plastics, Cat. no. 3001) with sterile silicon grease (High Vacuum
Grease, Dow Corning Corp. Miland, Michigan, USA). The dishes were
sealed with melted paraffin, perforated on the side with a hot
needle and filled with test material in different dilutions.

The hole on the side was closed with melted paraffin and the

dishes were maintained at 37°C for 24 hours. After incubation

the areas of migration was magnified 5 times with a photographic
enlarger and the perimeters were drawn on paper. The magnified
areas were cubt out and their weight was determined with an analytical
balance.

B. Estimation of the minimal lethal dose of MC-D cells for Gpl3.

For reasons already discussed, the minimal lethal dose
of MC-D for Gpl3 was repeatedly investigated in order to be able to
detect the onset and progress of tumor rejection in iater experiments.
Tnitially, because of the shortage of Gpl3, single animals

received six s.c. injections of MC-~D cells (prepared from a solid
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tumor by trypsinization) in different doses ranging from 10 to
10% cells in one ml of CMEM per site, three injections were given
on the left flanmk (10-10°) and the other three (10%-10%) on the
right flank. A total of 4 animals were injected in this manner,

i.e. with multiple doses of MC-D cells, using different batches

of trypsinized tumor cells at different times. The results of
these experiments are given in Table 10. As indicated, tumors

never appeared at sites injected with lO4

or fewer cells, and
even with 105 cells one of four sites remained free of tumor by
the time the animal was killed by the tumor growing at the site
which receilved 106 cells. 'Therefore, on the basis of these
results, the minimal lethal dose would be considered to be between
10° and 106 cells., ILater, however, when the colony of Gpl3d
became larger groups of 3 animals were given single doses varying
from lO2 to 106 of MC-D cells prepared from solid tumors in 1 ml
of CMEM s.c. (please see experiments no., II and ITI Table 10) and
surprisingly all these animals developed tumors. Therefore, 1t was
concluded that a significant difference in dose-growth relationship
existed between animals tested by the two methods of injection.

The growth rate curves of MC-D tumors in Gpl3 injected

6

with single doses of 104, 105, or 10° cells s.c. (i.e. experiment

no. II of Table 10) are plotted in Figure 18. Tumor appearance
and growth rate were not significantly different in animals

S

receiving single or multiple injections of 107 and lO6 cells.

Hence, it is unlikely that tumors did not develop abt sites inJjected



Table 10,

THE MINIMAL CELL DOSE FOR TUMOR INDUCTION IN Gpl3

Number of Dose given Occurrence*of tumors at the injection site of
Experiment animals to each 2 3 4 5 6
injected animal 10 10 10 10 10 10" cells
I 4 multiple™™ 0/4 0/4  0/4 0/4 3/4 4/4
II 9 single™™™ NDt  ND ND 3/3 3/3 3/3
I1I 12 single ND 3/3 3/3 3/3 3/3 ND
* Number of tumors per number of sites injected
*edk Each animal was injected with six tumor cell doses, s.c. at different sites

%%% Only one dose of tumor cells was injected s.c. per animal
4+ ND= not done

*91¢



Figure 18. GROWTH CURVES OF MC-D TUMORS INITIATED WITH SINGLE CELL DOSES IN SYNGE=-
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with 10% or fewer cells in animals receiving multiple doses,
because the animal succumbed to neoplasia before tumors could
develop at the injection sites of lower cell doses. In actual
fact, at the time of death of animals, which had received single
doses of 106 MC-D cells, which was close to 32 days the mean
tumor size was 51 mm, whereas in the group

injected with 10%

cells the tumor size was 20.5 mm (ranging from
14-24 mm). Therefore, it seems likely that immune mechanisms are
responsible for the difference in the dose-growth response of

animals injected with single and multiple tumor cells doses.

C. The investigation of antigenicity of MC-D in syngeneic

guinea pigs
Although it had been reported that syngeneic guines
pigs immunized with homogenized MC-D in CFA gave an immunologically
specific delayed hypersensitivity reaction on intradermal injection
of the tumor extract (658), the candidate decided to obtain more
information on the antigenicity of this tumor by a different approach.
An MC-D cell dose of 2x106, prepared freshly from solid
tumor, was injected intradermally into 4 animals on the inter-
scapular region in 0.05 ml CMEM. Tumor growth reached a maximum
diameter of 11 mm (average normal skin thickness was 4 mm) on day
8 after injection and the tumors regressed completely during
the following week. One month later a second dose of 5x10° cells
in 0.05 ml CMEM of a fresh cell preparation was injected intradermally

into the same animals. This time the local reaction was faster,
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the average skin thickness reached a maximum of 5.45 mm gt day 4
after injection, and the inflammation of the injection site
macroscopically resembled that of cutaneous delayed hypersensitivity
reactions. This reaction subsided completely by day 8. One month
after the second intradermal injection all four animals were
challenged with two doses of 5%10° MC-D cells (freshly prepared
from solid tumor by'trypsinization) in 1 ml CMEM s.c. on each
flank; each of the four untreated control animals received two
identical doses of this cell preparation. None of the preimmunized
animals developed tumors, while all the controls did so as shown
in Figure 19. It is interesting to note that one control animal
developed tumor only at one of the injection sites and the
other site was negative until death of the animal at day 42 after
injection (average survival time in the comtrol group was 40.25 days ).
The average skin thickness * standard error is plotted for the
imminized group.

Trom the available data it can be concluded that pre-
immunization of syngeneic guinea pigs by intradermal injections
of MC-D tumor cells rendered them resistant to at least a 10,000
fold larger dose of tumor cells than the minimal lethal dose in
unprimed animals.

D. Histocompatibility studies

To eliminate the possibility that the immune phenomena
observed in the previous experiments might have been due to

histocompatibility differences between the colony of inbred guines
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pigs used at the Sloan Kettering Institute for tumor induction
and the colony established in Winnipeg, skin graft experiments
were performed with the cooperation of Dr. E. Sabbadini of this
Department.

Members of the Winnipeg colony were grafted with the
skin of the two tumor bearing animals received from the Sloan
Kettering and at the same time grafts were exchanged among animals
of the Winnipeg breeding stock. A total of 18 grafts were trans-
planted. Guinea pig skin 1is relatively thick and it seemed that
for this reason 7 grafts failed to take due to inadequate
revascularization, However, all the other grafts, including
3 of 7 donated by the tumor bearing animals, survived indefinitely.
Two of such surviving grafts are shown in Figure 20, which
were photographed two years after transplantation.

Thess experiments revealed thus that no major histo-
compatibility difference existed within the colony of guinea pigs
bred in Winnipeg and that these guinea pigs were also histo-
compatible with the tumor donor strain.

E. In vitro destruction of cancer cells

After having established with a reasonable confidence
that MC-D is antigenic in Gpl3, the possibility of mounting an
in vitro immune response against tumor cells was studied in this
syngeneic tumor-host system.

Iymphoid cells were prepared from lymph nodes and peri-

pheral blocd of normal, MC~-D~immune and MC-D bearing animals,
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Figure 20. SKIN GRAFTS PERFORMED FOR THE ESTABLISHMENT OF HISTOCOMPATIBILITY
OF STRAIN 13 GUINEA PIGS
The pictures were taken two years after skin transplantation.
Left: a graft donated by a tumor bearing animal received from the
Sloan Kettering Institute to a recipient from the Winnipeg colony.
Note the growth of hair in the center.
Right: a pigmented graft exchanged between members of the Winnipeg

breeding stock was "permanently"” accepted (growing black hair).
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and cultured with established tissue culture lines of MC-D as
outlined in Table 11. In the filrst experiment, the regional

lymph nodes of syngeneic guinea pigs were removed 10 days after
injection of 0.1 ml CFA into their foot pads. Adherent cells

were removed by overnight incubation at 37°C under the defined
conditions. The nonadherent lymphoid cells were then mixed with

a trypsinized suspension of MC-D cells, distributed in 1 ml CMEM
per Ieighton tube, and incubated at 37°C for two days, at which time
the cultures were shaken and all the floating cells were discarded
by changing the medium. The cultures were inspected daily and
“the medium was changed at 2-3 day intervals, as required,
discarding floating cells on each occasion. On the 5th or 6th day

of incubation clearly discernible foci of lymphoblast-like cells

(LBC) appeared on the growing monolayers of MC-D cells, which
proliferated rapidly with the simultaneous destruction of tumor
cells during the following two-three days. The cytotoxic LBCs
were always attached to MC-D cells during their lytic activity,
but floated freely in the medium when no more target cells were
available,

In subsequent experiments LBC were derived from WBC
of tumor bearing and normal guines pigs, as well as from animals
immune to the tumor. Cytotoxic LBC were detected, in each case,
usually on day 6-7 of incubation, and continued their cytotoxic
action on target cell monolayers in a manner similar to that

observed in the Tirst experiment. Furthermore, during attempts



Table 11.

THE INDUCTION OF TUMOR DESTROYING LYMPHOBLAST LIKE CELLS IN TISSUE CULTURE

Experi-

MC-D target cel

Lymphoid cells added“

Appearance of

1s
ment subcultures x 1072.ml donor source x 10°%.m1 cytotoxicity
(davs)
I 18 5,0 CFA=immune Ln 50,0 6=7
II 22 1.0 MC=D=imnune blood 4.4 6=7
111 2 0.6 MC=D=immune " 0.4 7
MC-D=bearing " 2.8 6
v 2 0.2 normal w 3.6 6
MC=D=immune " 2.4 6
MC-D-bearing o 2.2 6
Y 18 0.7 MC=D=immune " 0.17 6
Vi primary 1.0, 10.0 no lymphoid cells added 10-14
VII 1] 1@09 10@0 29 v [ 1] 10514
VIII 1] 1000 1 13 1] (1] 20
IX L] 1 R O [ 3] 1] 0 10
X 14 10 . 0 0 % o 1) Zo‘z’t}’c
MC=D = methylcholanthrene induced sarcoma (1ine D) of strain 13 guinea pigs;

als
EA)

Ln

CFA

atonts
v

LI L O 1

Tumor and lymphoid cells were mixed prior to incubationj

lymph nodes;

Complete Freund's adjuvant

Cytotoxic -reaction occurre

experiment

d only in two of the five culture flasks used in this

*Ge¢
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to derive new tissue culture lines of MC-D, foci of LBC were
detected to emerge from the tumor cell cultures around day 10

of incubation and destroyed all spindle shaped tumor cells within
the following 2 days (Figure 21 A, B, C, D). This phenomenon was
observed several times in primary tumor cultures, without addition
of any lymphoid cells to the system as shown in Table 11. If

IBC did not appear in the primary culture during the first 20 days,
they did not appear later, and in such cases MC-D cell lines

were successfully established. In a total of 17 primary MC-D
cultures, LBC emerged in eight cases, whereas no cytotoxic cells
were formed in 13 primary testis and in 8 primary kidney cultures,
although some of these cultures were prepared from tissues of
tumor bearing animals. It is worth mentioning that MC-D cell
suspensions prepared by trypsinization of solid tumors and

stained with Giemsa contained 1.5-2% small round cells with lymphoid
morphology.

Monolayers of MC-D containing emerging LBC were removed
by trypsinization at the earliest time of detection of the
cytotoxic cells, i.e. when there were only a few LBC foci
present, and the cell suspension was ten-fold serially diluted
in Ieighton tubes. In these experiments it was observed that
as long as a few LBC remained in the tube the whole culture was
destroyed.

Tt was repeatedly observed that LBC did not proliferate

in the absence of MC-D cells even when fresh medium was supplied,
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Figure 21. DESTRUCTION OF MC=-D CELLS BY SYNGENEIC LBC

A. Photograph of a native primary tumor cell culture showing
a focus of destruction by lymphoblast like cells (LBC),
which had emerged from the tumor tissue itself 10 days
after initiation of the culture. LBC attached themselves
to tumor cells and proliferated while lysing them., (Mag-
nification 130x).

B. Complete destruction of the monolayer of tumor cells two
days later in the same culture. Only one spindle shaped
‘target® cell is visible in the field. Clustérs of LBC

are floating freely in the medium. (Magnification 130x).
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Figure 21. (continued)

C.

Photograph of a stained preparation illustrating a
focus of tumor cell destruction by LBC emerging from
the primary culture. (Wright stain, approximate mag-=
nification 100x),

Higher magnification of the same focus showing the
cytotoxic cells which are heterogeneous in size, some
of them having already prominent nucleosli. (Wright
stain, approximate magnification 400x),

Cytotoxic experiment with LBC, Tissue culture line of
tumor cells was mixed with an identical number of cyto-
toxic cells (232x105/m19 each). The picture was taken
after 72 hours incubation. Only a few spindle shaped
target cells survived and some of them were in the

process of being lysed. (Wright stain, approximate

magnification 100x),

Higher magnification of the culture shown in E, Note
that LBC have abundant cytoplasm around the excentric
nucleus and large prominent nucleoli., (Wright stain,

approximate magnification 400x).
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and gradually lost their viability as Judged by dye exclusion
(0.2% trypan blue). However, their proliferation and cytotoxicity
was rapidly re-established when MC-D tumor cells were subsequently
added to the culture, showing that tumor cells, supposedly the
carriers of the antigenic stimulus, were in fact necessary for

the maintenance of proliferation and cytotoxicity. LBC could

be kept in a stabe of continuous proliferation and cytotoxicity
by a steady supply of MC-D cells for over six months. Murine
cells did not provide a similar stimulus.

The cytotoxic effect of LBC was investigated on varilous

target cells established from Gpl3, GpH or on cells of C57 mouse
origin as shown in Table 12. From the results of these experiments
it is obvious that LBC, although produced only in presence of

MC-D cells, were cytotoxic for syngeneic, allogeneic or xenogeneic
target cells. However, the destruction of MC-D cells was more
effective and faster than that of other cell types; nofmal

guinea pig cells were also destroyed completely in three to five
days (Figure 21, A, B), but mouse cells were never killed out
completely from the culture. TFor instance, when Po cells were
used as targets, an initial cytotoxic éffect occurred, which was
followed by a slow, but steady proliferation of Po cells (Figure 22)
and, finally, by day 10-14 a complete monolayer of Po resulted.

On the other hand cell cultures of guinea pig origin, whether
syngeneic or allogeneic, were always killed completely,that is

the culture was terminated by cytotoxic ILBC. In general, target



Table 12,
CYTOTOXIC EFFECT OFVLBC ON VARIOUS TARGET CELLS

Experiment Target cells LBC added -5 Incubation™” Per cent survival
time x10 “ml time
MC=D 24 hr 1.0 72 hr 1.6%
I Gpl3-Te " " “ 10.5
Gpl3=Ki " " " 26,3
MC=D 24 hr 1.0 72 hr 2.9%
IT Gpl3-Te " “ " 15.5
Gpl3=-Ki " " " 11.6
C57 -Te " " ¢ 35.3
MC=D 48 hr 4.4 24 hr 13.8
B16 1] 1] 1] 7906
PO 1] (4] o 7407
111 MC=D " " 72 hr 0,0
B16 " " " 21.0
PO 4% 11] 111 5602
MC=D 48 hr 1.0 48 hr 11,0
v GpH=-Te « " " 25,9
GpH=-Ki " b N 31,7
LBC = lymphoblast like cells; these cells emerged from mixed lymphocyte=-tumor cell

cultures
MC-D methylcholanthrene induced sarcoma (line D) of strain 13 guinea pigs
Gpl3 strain 13 guinea pig; GpH = Heston strain guinea pigs; C57 = C57B1/6J mouse
Te = testis; Ki = kidney; B16 = B1l6 melanomaj; Po = polyoma of C57 mice
% P = 0,000 (MC-D compared to Te)s; P = 0.014 (MC-D compared to Ki) by t test
*% after addition of LBC
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Figure 22. THE CYTOTOXIC EFFECT OF LBC ON Po TARGET CELLS.

Lefts 24 hr, right 48 hr. Note the increasing density
of target cells,
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cell destruction could be accelerated by increasing the number of
LBC in the system, and only a few cytotoxic cells were sufficient
to initiate a reaction which followed its cytotoxic pattern to
completion.

Tt was essential to establish if the cytotoxic effect
observed in this culture system was not duve to some micro-organisms
(e.g. virus, bacteria) or nonspecific toxic factors, and that it
was indeed a property of LBC emerging from lymphoid cells after
contact of the latter in cultures.with tumor cells, The effect
of filtered supernatants of LBC cultures or of the supernatants
collected after freezing and thawing of LBC was investigated on
target cell culture in microplates. Table 13 illustrates an
experiment of this nature where 10° MC-D cells were placed into
each well of the microplate contalning fresh CMEM, or dilutions of
supernatants collected from MC-D and LBC cultures. All supernatants
were collected after freezing and thawing of LBC except one, which
had contained viable IBC. The supernatants were tested for
cytotoxicity at different dilutions(in duplicates) in the presence
of MC-D cells which were counted in the wells after 96 hours of
incubation as previously described; the average cell numbers are
indicated in the Table, from which it can be concluded that
supernatants from cultures subjected to freezing and thawing had
no cytotoxic effects except for a slight growth inhibition at a
dilution of 2:3. However a marked cytotoxic effect with the

characteristic morphological features of LBC proliferation, was
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Table 13.
INVESTIGATION OF LBC SUPERNATANTS FOR CYTOTOXICITY
ON MC-D TARGET CELLS.

Supernatant Dilution

after freezing

and thawing 2 3 3 13 3 1: 6 1 ¢ 12
MC=-D 424 858 736 1065
LBC-1 367 734 632 951
LBC=2 349 634 614 1067
LBC=3 428 897 881 881

Supernatant with 1.5 2.5 12 79

viable LBC

Fresh medium 712 + 157.29 (S.D.)

MC=D =Cultures derived from methylcholanthrene induced

sarcoma (line D) of Gpl3
LBC-1, 2, 3=Lymphoblast like cell cultures
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caused with the supernatant of cultures not treated by freezing and
thawing which contained viable LBC.

A second experiment of this nature was performed with
1929 cells because they are claimed to be the most sensitive targets
for lymphotoxin (504) (using again the microplate method for
quantitation). The results of this experiment are given in
Table 14, from which it is clear that even the undiluted super-
natant did not affect the growth of L cells; hence it may be
concluded that no lymphotoxins were released into supernatants of
LBC cultures.

T, Characterization of lymphoblast like cells

Morphologically LBC resemble transformed lymphocytes
(1ymphoblasts and plasma cells) as shown in Figure 21 (E, F). The
nucleus is located eccentrically in the abundant cytoplasm and
a prominent nucleolus is visible. Staining these cells with

methyl green-pyronine-Y, a strong pyroninophilia was revealed

| suggesting an intensive RNA symthesis. LBC incorporated tritiated
thymidine and uridine upon stimulation by MC-D as detected by
autoradiography*. All examinations for the detection of
immunoglobulins in the cytoplasm or on the surface of LBC, using
immunofluorescence, mixed hemadsorption, and the antiglobulin
consumption test employing rabbit antiserum to guinea pig F(ab)2
and with the corresponding antibodies to rabbit globulins, gave
negative results.

A certain percentage of LBC, which was higher in older

cultures, always exhibited cytoplasmic vacuoles (Figure 23), some

* These experiments were done in cooperation with Dr. J. Clancy of
the Department of Anatomy, Faculty of Medicine, University of
Manitoba.



Table 14.

INVESTIGATION OF LBC SUPERNATANTS FOR CYTOTOXICITY ON L1929 TARGET CELLS

Average cell number in wells with supernatants
Supernatant No., examined diluted to
1 1:2 134 118 1:16 1:32 1364 14128
MC=D 3 298+79 175425 185456 218+5 163+54  156+31 166+55 347+114
LBC 8 25755  260+13 237441 265+41 242+43 251+78 226430 208+46
Average number of L929 cells in fresh medium

326470
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Figure 23. CYTOPLASMIC VACUOLES IN LBC,
(Wright stain, approximate magnification lefts 400x

rights 1000x)

‘6€TC



Left Right

.

.
.

o / o

%

o
iy

i
4
;

‘0%e




241.

of which were very bilg, being symptomatic of cell degeneration.
Immunofluorescent microscopy performed with such preparations
did not reveal immunoglobuling in these vacuoles. At the time
of conclusion of these experiments, no additional information
was available regarding the nature and possible function of these
vacuoles.

G. Investigation of LBC supernstants for immunoglobuling and

mediators of cellulgr immunity

(i) TImmunoglobulins: Search for immunoglobulins in LBC

supernatants was done several times by inhibition of hemagglutination,
using, as specific reagents, rabbit antisera to guinea pig F(ab')2
and sheep anti Gp globulin sera. A total of 34 supernatants
collected over a year of experimentation were examined by this

method and no immunoglobulins could be detected in any one of them.

(ii) Migration inhibitory factor (MIF): A mixture was

prepared from equal parts of 6 LBC supernatants and investigated
in a capillary tube migratory system for its possible effect on
the migration of PEC, induced by light paraffin oil in normsl

Gpl3 and GpH. Migrations of supernatants of MC-D cells alone and
in fresh CMEM were used as a basis for comparison. The results of
an experiment performed with Gpl3-PEC are given in Table 15, from
it is evident that a strong MIF activity was exerted by LBC
supernatants, which was observed on both syngeneic and allogenic
PrCs; and that supernatants of MC-D cell cultures had an enhancing

migratory effect.
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Table 15,
INHIBITION OF PERITONEAL CELL MIGRATION BY LBC=SUPERNATANTS

Supernatants Dilution Migration + S.D.

MC=D - 116 + 10

MC-D 13 2 153 + 14

MC=D 13 4 122 + 9

LBC - 57 + 9

LBC 1:2 83 + 15

LBC 1 4 93 + 10
Fresh medium 100 + 7

Peritoneal exudate cells were induced in strain 13 guinea

pigs by paraffin oil as described in the text.

MC=D = Cultures derived from methylcholanthrene induced
sarcoma (line D) of Gpl3

LBC

Lymphoblast like cell cultures



(iii) Skin reactive factor: Supernatants of LBC and MC-D

cultures were injected intradermally into normal guinea pigs
(0.05 ml per site) and the skin thickness was measured at the
injection sites at various times after injection. The results
are presented in Table 16. Macroscopical investigation of the
sites as well as the skin measurements revealed little if any
reaction. A histological picture of the site which had been
injected with the supernatant of LBC-3 (sample No.3) (Figure 24)
revealed a mild cellular infiltration; however, it should be noted
that this was the strongest reaction observed. Thus, it may

be concluded that under these conditions no significant amount
of skin reactive factor could be detected in supernatants of LBEC.

H, TInhibition of tumor growth by LBC in wvivo

In this experiment the effect of LBC, which had been
induced in mixed lymphocyte-MC-D cultures, was tested in vivo
on tumor cells obtained by trypsinization of solid tumors. Four
animals were given 5x105 MC-D cells s.c. on the left flank and
5x10° tumor cells mixed with 10° IBC s.c. on the right flank,
in a total of 1ml CMEM.In addition four normal animals were
injected on both flank with 5XlO5 tumor cells only. (This group
served as a control for the preimmunized animals previously
described, and also for the experimental group described here).
The mean diameters (tumor growth <+ standard error) final weights
of tumors (mean * SE) at different times after injection are

shown in Pigure 25, from which it is obvious that a significant

24:39



Table 16.
EXAMINATION OF LBC SUPERNATANTS FOR SKIN REACTIVE FACTOR

Experi- Number of Time after Skin thickness at the injection site of
ment animals injection supernatants from cultures of
MC-=D LBC-1 LBC=2 LBC=3
0 hr 4,00 4,00 3,50 3.76
I 3
24 hr 4,10 4,26 3.73 4.46
0 hr 3.35 3.37
3 hr 3.40 4,12
11 2
6 hr 3.35 3.80
24 hr 3.40 3.75
MC=D = Cultures derived from methylcholanthrene induced sarcoma (line D)
of Gpl3

LBC-1, 2, 3 = Lymphoblast like cell cultures
The skin was 1ifted up at the injection sites and the thickness of the resulting
wrinkle was measured by a caliper

"¢
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Figure 24, HISTOLOGICAL PICTURE OF THE INTRADERMAL INJECTION SITE OF
LBC SUPERNATANT IN Gpl3.
A mild cellular infiltration is visible. (Hematoxylin and

eosin, approximate magnification on lefts 100x, right 400x)
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local inhibitory effect was exerted by LBC on the in vivo growth
of MC-D tumor under these conditions. Tumor growth on the other
flank of the animals injected with LBC, however, was not inhibited
at all; in fact, 1f any systemic effect occurred, it seems to

have led to enhancement of tumor growth.

I. Discussion and conclusions

Preliminary experiments have shown that the MC-D tumor
in Gpl3 represents a real syngeneic tumor-host system, and that
this methylcholanthrene~induced sarcoma is strongly antigenic,
which is in agreement with the findings of Oettgen et al. (658).
Therefore, it is reasonable to assume, that some lymphocytes
were triggered in mixed lymphocyte-NMC-D cultures
by the tumor antigens to a state of continuous proliferation and

cytotoxicity (probably by an immune mechanism). The LBC emerging

from such cultures,; as well as from primary tumor cultures,
possessed some of the characteristics of immune lymphocytes

(e.g. pyroninophilia, production of substance(s) with MIF activity,
incorporation of radiocactive nucleotides upon stimulation, and
cytotoxicity). However, these cells did not exhibit absolute
imgunological specificity, since they were capable of destroying
not only MC-D cells, bubt also testis and kidney cells of Gpl3 and
of GpH, as well as murine cells (Table 12). To explain this
relative lack of specificity one could invoke the evidence that
immune lymphocytes acquire the potential to kill antigenically

unrelated cells after stimulation by specific antigen (769; 808);
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the main feature in favour of this mechanism is that in this
system LBC were more strongly cytotoxic for MC-D target cells
than for other cell types.

Alternatively, the apparently broad cytotoxic activity
of LBC may be due to antigenic crossreactivity among different
target cells, which may be manifested under in vitro culture
conditions. Some preliminary results obtained by radioilmmunoassay
suggest such an antigenic relationship, as shown in Table 17. It
appears that syngeneic guinea pigs immunized against MC-D and
developing resistance to the tumor do have circulating antibodies
(anti-MC-D serum) which react with all cell lines tested. The
"positive" control serum used was produced in Heston guinea pigs with
monthly trocar‘injections of MC-D and had a hemadsorption titer of
over 1:1,000. TOTI-lsbelled rabbit IgG antibodies to guinea
pig F(ab')2 were used to detect guinea pig antibodies reacting with
various cell lines. Incubabtion with normal guinea pig serum
("negative serum") resulted in much less binding of radioactivity
to the cells, however, some radioactivity appeared to be
bound nonspecifically on cells which had been exposed to this cont-
rol serum in comparison with the counts detected in the tubes
containing cells which had not been incubated with guinea pilg serum
at all. Therefore, it seems, that the idea of antigenic cross-
reactivity of MC-D with tissue culture cell lines, derived from
other guinea pig tissues and perhaps also with mouse cell lines is
not entirely unfounded. Further experimentation would reveal

whether this tentative interpretation is correct or not.



Table 17,

RADIOIMMUNOASSAY OF VARIOUS CELL LINES WITH A SYNGENEIC ANTI MC-D SERUM

Experi- Cell line Serum di- Counts per 10 minutes in tubes with
ment lution anti MC-D positive negative no serum
serum serum serum
MC=D 1315 3222 2505 573 ND
I " 1:15 3025 2566 413 "
o 1:45 1854 1434 ND "
o 13135 1085 753 " "
MC=D 1:10 2875 3017 1441 821
II Gpl3-Te " 3453 2796 1172 461
Gpl3-Ki " 4038 3193 878 383
MC=D 1510 3966 3619 465 206
ITX L929 " 4015 3393 799 438
None " 733 450 393 234
MC-=D = methylcholanthrene induced sarcoma (1ine D) in strain 13 guinea pigs

Gpl3-Te = tissue culture line of cells derived from the testis of normal
strain 13 guinea pig

Gpl3-Ki = tissue culture line of cells derived from the kidney of normal
strain 13 guinea pig

1929 = tissue culture line of cells of C3H mouse origin

ND = not done

‘0S¢



Although the factors determining the development of the
cytotoxic effects of LBC have not been elucidated, it is clear that
these cells require target cells, which are presumably the carriers
of the antigenic stimulus, for maintenance of their proliferation
and cytotoxicity. It is suggested that LBC, which emerged from
primary MC-D cultures without the addition of lymphoid cells to
the system, may represent the progeny of lymphocytes reacting
against tumor antigens in vivo. The éxistence of such concomitant
immunity in tumor bearing animals is also indicated by the
experiments on the dose-growth relationship of MC-D tumor in Gpl3
(Table 10). In support of this interpretation, one may also cite
the fact that cytotoxic LBC were never observed in primary cultures
of kidney or testis cells, i.e. no sensitized Iymphoid cells were
present in these organs, whereas the MC-D tumor appeared to be
infiltrated by lymphocytes which were apparently activated to a
cybotoxic state - presumably - by the tumor antigens. Clearly,
further experimentation is required to unravel the detailed
mechanism underlying the emergence of cytotoxic lymphocyte-like
cells in the presence of tumor cells and the precilse nature of

these cytotoxic cells.
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252

Chapter V

General discussion *

Basic immunology and related fields have been developing
in recent years at an accelerating rate, but the vast amount of
accumulated information cannot as yet be integrated into a clearly
defined pattern, because of the complexity of the biological
mechanism underlying the immune response. By way of generalization,
one may state with a fair degree of confidence, on the basis of sound
experimental evidence, that for the induction of an immune response,
apart from the presence of an immunogen, the cooperation of various
cell types is necessary. So far 3 interacting cell types have
been distinguished, namely A (accessory) cells, B (bone marrow
derived or, more precisely, Bursa equivalent) cells and T (thymus
derived) cells (668).

A cells are radioresistant, do not have specificity for
the immunizing antigen, adhere to solid surfaces in culture, and
their function is considered to be the handling, processing and
probably the presenting of antigen to T and B cells, which are
the specific responder immunocytes. Two subpopulations are suggested
for A cells, one of them consisting of phagocytic cells which
recirculate (macrophages), and the other of sessile cells which
may not be phagocytic.

The major function of B cells is antibody production;

* Tt is not possible to cite all the relevant references here; for
a detailed discussion of various statements, please refer to the
corresponding chapters of this Thesis.
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these cells exhibit specificity for the immunizing antigen (i.e. have
receptors which are most likely surface bound immunoglobulins ), are
radiosensitive and nonadherent. In addition, B cells recently have
been claimed to have receptor sites for the Fc fragment of
immunoglobulin(s) and also for complement, and were found to
participate in antibody dependent and complement dependent cell-
mediated target cell lysis (84; 106; 686). It is not clear whether
or not cytotoxic and antibody forming cells belong to the‘same
population, or represent different subpopulations of B cells. For
antibody forming cells, however, the existence of two subpopulations
has been suggested, one of these requiring the cooperation of T
cells for the initiation of the humoral response (thymus dependent)
the other being independent of T cells (thymus independent) (702).
The major characteristics of T cells are more or less
similar to those of B cells, e.g., they do bear specific receptors
for the recognition of antigen (IgX, IgT, IgM?), are radio-
sensitive, and nonadherent. However, they do ﬁot produce antibodies
and are sensitive to cortisone (B cells are not). Triggered T
cells are strongly pyroninophilic (3563 601). No immunoglobulin or
complement receptor sites have been detected so far on T cells.
T cells seem to have a very important function in the immune
response. They are capable of cytotoxicity and of producing a
number of biologically active substances (mediators of cellular
immnity), which are able to amplify greatly the cellular immune
response mediated by T cells, and they seem to control the humoral

immune response to a vast majority of antigens as well (thymus
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dependent antigens). Evidence points to the direction that
immunological tolerance and memory to the thymus dependent antigens
are also the functions of T cells (701). Recently, as for B cells,

the existence of two subpopulations has been suggested for T cells,

one of which is cortisone sensitive,the other cortisone resistant (178).

Besides A-, B~ and T-cells, other cell types may also

participate in the induction phase of the immune response. For

instance it has been noted that eosinophil granulocytes proliferate

in mice upon antigenic stimulus (590). Mast cells were also shown
to proliferate in rats after antigenic stimulation (604).

Cell interaction during the effector phase of the immune

response seems to be even more complex and may involve multiple
and albernative pathways. Antibodies may serve as specific
receptors for most if not all cell types of the leukocyte series.
Tt is well established that human basophils and mast cells have
specific receptor sites for the Fc portion of Igh (homocytotropic

antibody) (450), monocybes and macrophages for IgG; and IgGz

(cytophilic antibody, opsonizing antibody) (432; 433) and neutrophils

also for IgGy and TgGz (583). In all these cases the Fc portion of

the immunoglobulin molecule was shown to combine with the binding
site on the cell surface. Furthermore, human monocytes were shown

to have receptors for C'3 which may function either independently

or cooperatively with IgG binding sites in the induction of phagocytosis

(opsonization) (432).
Iymphocytes of the B population were also claimed to

exert immunologically specific cytotoxicity, triggered by immuno-
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globulins combined with cell surface antigens, or by fixed com-
plement (C'7) (84; 106; 384; 686; 687).

During the complement reaction a biologically active

material, capable of antigen-independent histamine release from
mast cells (anaphylatoxin), is produced, as well as other factors

which are chemotactic for polymorphonuclear leukocytes (729).

Finally the majority of the mediators produced during
cellular immune reactions by T cells may be classified as
amplifying factors, which act on other leukocytes, inducing thus
cooperation which greatly increases the (defensive) power of
the reaction. Chemotactic factors for macrophages (216; 924)
neutrophils (923) and eosinophils (183), mitogenic factors acting
on other lymphocytes (4703 471; 41 -; 708), the transfer factor
(525) and the skin reactive (inflammatory) factor (629) may be
listed in this category. Until recently the basophil was considered
to be the only type of leukocyte not affected by a specific Tactor;
however, it has been suggested that T cells may produce such a
material in relation to cutaneous basophil hypersensitivity (246).

The mechanism of regulation of this labyrinth of immuno-

logical pathways remains essentially undefined. Immunological

tolerance in terms of the clonal selection theory of Burnet (125)
served as an explanation for many phenomena including self
tolerance. In a recent development of this hypothesis, it has

been proposed that all lymphocytes which express "self" reactivity
during differentiation in the thymus are destroyed in situ and that .

whenever the thymic function is disturbed, "forbidden clones”
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capable of auto-reactivity may arise and cause autoimmune disease
(126). Although one may cite supporting evidence for this

hypothesis, it is to be noted that autoantibodies to varlous

tissues are frequent in man and that autoimmunity is readily inducible
in experimental animals. Furthermore, many of the induced

autoimmune conditions are self-limiting and subside spontaneously

if the provocative treatment is ceased (21). Thus self reactivity

and some kind of a compensating mechanism seems to exist. It

may be envisaged that such a mechanism is vital for survival,
since otherwise immune reactions analogous to the devastating
effects of auboimmunity would be ubiquitous in the body. All the
intracellular parasites (viruses, bacteria etc.) and a great
variety of tissue injuries may be considered, and many of them
were in fact shown to induce new antigens on the cell surface.
Such antigens are able to trigger immune reactions (see under
virus induced tumor antigens) in the host. It was shown that cells
which are antigenically converted in this manner can easily be
killed in vitro by immune reactions directed to the newly induced
antigens. A variety of hypersensitivities and allergic tissue
injuries manifest themselves in an analogous manner in vivo. In
the majority of cases, however, autoimmunity is not triggered after
a virus infection or tissue damage, and full recovery follows,
pointing again to the existence of a regulating mechanism.

The weight of agcumulated evidence indicates that the
course of many sutoimmune conditions does not appear to be correlated

with the presence of humoral antibodies and it is worth noting that
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normal individuals may also have autoantibodies (21, 700, 785).
This lack of correlation between the presence of autoantibodies

and pathological changes strongly suggests that antibodies are

not always responsible for pathogenesis. If one assumes that some
autoantibedies are able to protect against autoimmune damage in

a manner similar to that of graft or tumor enhancement, the lack of
correlation with pathological changes is understandable. For
example, it is well documented that experimental allergic
encephalomyelitis is transferable by sensitized lymphoid cells and
that humoral antibodies are able to interfere with the manifestation
of the disease in the presence of autoaggressive lymphocytes (21).
A similar serum-~medisted protection of antigenic kidney grafts

has been achieved in experimental animals (305; 423; 851) and also
in humaen (65).

It was recently suggested that a number of immunological
phenomena which were formerly believed to represent true examples
of immunological tolerance were in fact governed by analogous
serun medisted immunological mechanism, i.e. a cell-mediated immune
response 1s present and tends to cause tissue damage, but humoral
factors (antibody) protect the tissues from injury. This was
described for allophenic (tetraparental) (691; 930) and F; hybrid
mice (694), and for mice made chimeric at birth with the neonatal
injection of Fq hybrid spleen cells (400).

Such antibody mediated tissue protection is known as

immunological enhancement, which may be regarded as the counterpart
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of rejection, whereby an antigenic tissue is not destroyed and
may remain intact structurally as well as functionally for
long periods of time, despite the presence of immune reactions
against it. Both cell-mediated and humoral immunity are
detectable in these situations.

Until a few years ago it was commonly believed that most
"gutochthonous™ human tumors were not antigenic and could, therefore,
progress readily in the host. However, recently, a convincing
body of evidence has been adduced to undermine this belief and
the present congensus is that most tumors, whether spontaneous
or experimentally induced, are in fact antigenic. In spite of
the mounting of both humoral and cell-mediabed immune responses
by the host, which are readily detected, the tumor continues to
grow causing eventually the death of the host. Therefore, it seems

reasonable to assume that there must be an escape mechanism

which permits tumor growth. Of the various mechanisms discussed
in Chapter II, immunological enhancement appears to be the most
freqguent mechanism for the escape of antigenic tumors. Therefore,

one is led to conclude that the same mechanism, which is
presumably vital for protection against autoimmune tissue damage,
causes fatal disaster by protecting the neoplastic tissue from
immune destruction.

It was proposed on theoretical grounds that antibodies

may interfere with tissue damage centrally by acting on the
reacting lymphocytes, which are located in the lymphoid organs,

or peripherally by covering up the (foreign) antigenic determinants

on the tissue, thus preventing recognition by sensitive lymphocytes
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(86). TFor the peripheral mechanism, an ideal candidate capable
of protzcting the tissue would be an antibody which does not
agglutinate or precipitate with the antigen and which is unable to
fix complement and hence to cause damage on combining with tissue
antigens. Such antibodies designated as "incomplete" antibodies,
have long been known to exist in various autoimmune conditions

to erythrocytes (700). Passive enhancement, however, can be
induced with microliters, or even smaller quantities of antisera,
and hyperimmune sera are usually more effective (464), which
suggests a central, rather than a peripheral mechanism. For the
numerous experimental data available it is clear that there is no
general rule for enhancement. Factors capable of shifting the
immunological balance from cell-mediated to humoral response and
of changing the molecular composition of the humoral antibodies,
which in turn affect the relative vulnerability of the tumor to
complement mediated cybtotoxicity, are all important regarding

the end result (464).

Experiments on the minimal dose required for tumor
induction revealed a complex relationship, i.e., in certain cases
tumor take is higher at a low dose of cells than at a medium dose,
and the incidence increases again with increasing the cell dose
(439; 661). This phenomenon resembles low and high zone tolerance,
as observed in studies of basic immunology. However, it is not possible
to conclude on the basis of this similarity if indeed similar immune
mechanisms are responsible for these two phenomena. Theoretically,

one would expect that growing tumors would reach at a certaln stage
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an antigen level which would cause "high zone tolerance'" or
"immunological paralysis", and in actual fact "unresponsiveness”
to progressing tumors in both animals and human have been

deseribed. Circulating soluble antigens have been also found in

hosts bearing various viral leukemias and other tumors, which
may be considered as deaggregated antigens (not sedimented by
100,000 G for l-z hours), which are known to induce immunological

tolerance (931). Finally, the condition designated as immunological

inertia of cancer patients, which manifests itself in general
immunological unresponsiveness might be nmediated by mechanisms
involving antigenic competition.

Tt is well known that tumors are very diverse, both

biologically and antigenically, and hence the immunological factors
governing tumor-host relationships are probably unique to each

type of tumor. In addition, they represent a dinamically changing
antigenic stimulus, which is seldom investigated in basic immunology.
Episodes of regression followed by progression, appearance and
disappearance of delayed skin reactivity and of cytotoxic antibodies
and enhancing serum factors may be observed. Obviously, the best
strategy for the immunotherapy of cancer would be to eliminate the
undesirable (e.g. enhancing) immune reactions and reinforce those
which tend to protect the host, i.e. cell-medigted immunity in the
case of solid tumors. Presently there is no safe method to achieve
this and immunological enhancement remains the greatest hazard in
the development of an immunotherapeutic approach to the destruction

of tumors.
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In this study attempts were made to develop immunological
reactions against cancer, which can be comntrolled. One approach

consisted in attaching new antigens to the cells of a solid tumor

and directing cellular immunity against these antigens, in the
hope that tumor destruction would result from the interaction of
sensitized lymphocytes with this artificial neo-antigens located
on the surface of tumor cells. The second approach involved the
development of an in. vitro system of cytotoxic reactions for the
destruction of tumors, which would permit the study of various
immunological parameters of tumor-host relationships and which
may have the potentiality of an effective therapeutic method.

For the study of tumor destruction by the proposed
indirect, cell-mediated immune mechanism, an antigenic polyoma
virus-induced tumor of C57BL/6J mice was used as a model system.
Tumor specific antibodies were prepared in rabbits and syngeneilc
mice were sensitized to rabbit immunoglobulins (RIg) in the form
SRBC-RIg complexes in complete Freund's adjuvant (CFA). The growth
of Po cells coabed with tumor specific rabbit antibodies was inhibited
in vivo, when the Po cells were mixed with sensitized lymphoid cells
and injected s.c. to syngeneic animals. The inhibition was
immunologically specific.

Regression of primary or secondary cutaneous tumors in
patients has been successfully achieved by a similar indirect
immunological mechanism, namely by inducing a delayed hypersensitivity

reaction locally in the tumor foci with sensitizing agents, such
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as trenimon (395; 486; 941), dinitrochlorobenzene (486, 844, 941),
BCG (624), vaccinia virus (441), or nontoxic extracts of hemolytic
streptococei (638). Immunotherapy of basal cell carcinomas with
trenimon or dinitrochlorobenzene was claimed to be as effective

as with the best chemotherapeutic agent (941).

More recently, similar results were obtained in experimental
animals., Thus, guinea pigs injected with a lethal dose of tumor
cells were protected when a delayed hypersensitivity reaction was
elicited locally in the site of injection with BCG, tuberculoproteins
or with antigenically unrelated tumor cells. However, it is to be
noted that close contact between sensitized cells, sensitizing
agents and antigenically unrelated tumor cells was reguired to
suppress the growth of these tumor cells., Tumor graft rejection
without delayed hypersensitivity skin reactions did not cause
suppression of antigenically unrelated tumor (963; 966).

None of these agents, however, is able to reach tumor
nodules in deep tissues and, therefore, they are not effective for
systemic treatment. In addition in the case of local treatment
the antigen used to elicit delayed hypersensitivity reaction may
be applied in optimal doses, while in the model system developed
in this study, the density of artificial neo-~antigens on the surface
of Po cells was limited by the number of antigenic determinants
accessible to tumor specific antibodies. Yet, despite this
limitation, tumor specific antibodies were shown to be capable

of functioning as neo-antigens, and were able to activabte sensitized
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lymphoid cells so as to induce tumor inhibition or even the complete
rejection of a lethal inoculum.

The cardinal problem in this model system is the production
of tumor specific antibodies which are also the carriers of new
antigenic determinants. As has been shown production of tumor specific,
heterologous antibodies by absorption is very difficult, because of
the inherent danger that the tissues used for absorption may possess
low concentrations of the tumor-associated antigens and may thus
remove all the required antibodies. Moreover, there is the possibility
that the proteins used for coating the tumor cells may be strong
antigens and might not favour the type of sensitization which would
lead predominantly to the production of killer cells required for
tumor rejection. In this comnnection it is worth mentioning that
studies in mice, in which chemically modified tumor cells were used
for immunization against a subsequent inoculum of intact tumor cells,
revealed that tumor cells coupled to "strong" antigens provided
no protection, or actually induced enhancement, while those coupled
to "weak" antigens elicited protective immunity (35; 709). Hence,
it is obvious that the proper choice of neo-antigen for this
indirect model system is one of the important factors which will
determine the final outcome of the reaction. Antibodies coupled
to haptens, or to compounds which could serve as haptens and
also for a variation on this theme, one may suggest the coupling
of cytoclastic agents (e.g. trenimon) to antitumor antibodies, which

could act as haptens for the induction of delayed hypersensitivity.
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With such improvements of the model, it is anticipated that neo-
antigens may be used as ‘homing'’ devices for localizing in tumor
foci sensitized lymphoid cells capable of unleashing a local
inflammatory reaction leading to tumor destruction. In principle
this procedure should prove applicable on a systemic basis for the
tregtment of tumor foci located in deep tissues which could be thus
reached by antitumor antibodies and the appropriate sensitized
cells.

Tn the second phase of this study the possibility of

mounting an in vitro immune reaction against tumor cells was studied.

A methylcholanthrene induced sarcoma (MC-D) in inbred strain 13
guinea pigs was used as a model system. Iymphoblast-like cytotoxic
cells (IBC) were initiated in mixed lymphocyte tumor cell cultures.
Tnterestingly, IBC also emerged from some of the primary tumor
cultures without the addition of lymphoild cells. From the overall
fegtures of this in vitro system, one may conclude that it possesses
some of the characteristics of other cell-mediated immune reactions,
induced in vitro against allo- or xenoantigens, i.e.

(i) 1LBC incorporated tritiated thymidine and uridine upon
stimulation by MC-D as detected by sutoradiography (551).

(ii) LBC were strongly pyroninophilic as revealed by staining
with methyl green pyronil-Y (899).

(iii) No immunoglobulin was detected either on the surface of

IBC or in the medium of MC-D cultures lysed by LBC (1665 899).

(iv) Cytotoxicity was detected after é-? days of incubation
(38; 177; 338; 391; 421; 5003 823). Most of the investigators

working with other systems claimed specific cytotoxicity; however,



265.

in two studies the cytotoxic effector cells produced in mixed
lymphocyte cultures with mouse (421) and human (823) cells
exerted nonspecific cytotoxicity.

(v) Production of substance(s) with MIF activity was detected
in LBC supernatants.

On the basis of the above results the thymus derived

lymphocyte appears to be a likely precursor for the LBC detected

in this study (601). Although LBC possessed some of the characteristics
of immuné lymphocytes, they did not exhibit absolute immunological
specificity since they were capable of destroying not only MC-D

cells, but also testis and kidney cells of syngeneic or of

outbred Heston guinea pigs, as well as murine cells (Table 12).

Tn this context it should be noted, however, that recent studies
revealed similar cybotoxic behaviour of "effector" cells produced

in a mixed lymphocyte culture (421; 823), which is a system considered
to represent an in vitro correlate of cell-mediated immune reactions
involving an immunologically specific proliferation of lymphocytes
(551). TIn this respect one may quote the finding that lymph node
cells from inbred rats with cell-medisted immunity to tuberculo.
protein, bovine serum albumin, or egg albumin produced progressive
destruction of monclayers of rat embryo fibroblasts in tissue

culture, which was apparent at 48 hours and maximal at 72 hours.

This effect was specific for the sensitizing antigen and did not
depend on the genetic difference between lymph node cells and target
cells (769). Damage of rat embryo fibroblasts in the experiments

was shown to be closely correlated with delayed skin reactions in
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the animals from which the lymph node cells were taken, but not

with Arthus reactivity. In animals sensitized with picryl
conjugates of ovalbumin or of human serum albumin, skin reactivity
and the in vitro cytotoxic effect could be elicited only with the
homologous conjugate or the hapten carrier alone, but not with
picryl conjugates of heterologous proteins (770). Essentially,
similar results were obtained by the candidate'’s colleagues in a
contemporary study with lymph node cells from guinea pigs sensitized
to a state of delayed hypersensitivity to mouse or rabbit gamms
globulins. Such sensitized lymphoid cells induced lysis of mouse
sarcoma I cells, when the target cells were coated with the
corresponding globulins in the form of anti-sarcoma I antibodies.
Similar lysis of targe®s cellé was induced by immune lymphoid cells
pretreated with the sensitizing antigen, or in the presence of free
antigen in the medium containing immune and target cells. The
cytotoxic effect was immunologically specific with respect to the
antigens used for induction of delayed hypersensitivity, but was
nonspecific with respect to the target cells, and no soluble cytotoxic
mediators were detected (808).

Although it is noteworthy that the mechanism of in vivo
reactions is very complex and almost never clear cut, there is some
indication for the occurrence of nonspecific cytotoxicity in vivo.
Thus, (Lewis x BN)Fl hybrid rats normally do not reject Iewis
kidney, but they do so if Iewls rat spleen cells are inoculated
under the capsule of a freshly grafted Iewis kidney. It would,
therefore, seem that the donor lymphoid cells can be lmmunologically

stimulated by circulating host leukocytes and the interaction of



these two cell populations results in nonspecific damage to
kidney parenchyma (263). Skin grafts from rats were transplanted
to isogeneic, allogeneic, xenogeneic or specifically sensitized
allogeneic recipients, and after 24-28 hours were retransplanted
to the original donor. Whereas 92% of iso-autografts were
accepted, allo-autografts and xeno-autografts were accepted in
only 45% and 36% respectively (109). These results taken in
conjunction with the findings of the previous experiment suggest
that rejection of allo-autografts or xeno-autografts could be due
to a local reaction between lymphoid cells of the graft donor and
allogeneic or xenogeneic lymphocytes, which had infiltrated the
graft ("passenger leukocytes"),

In summary it may be concluded that there is evidence
indicating that cell-mediated immune reactions triggered by the
specific antigen exert nonspecific cytotoxicity. This supports
further the general conclusion made by Perlmann and Holm (686),
on reviewing the mechanisms of in vitro target cells lysis, that
two steps may be involved in cytotoxic reactions mediated by
lymphoid cells. The immunological specificity resides in the
first step, in which contact between effector cells and target
cells is established, presumably by the specific antibody-like
receptors. The second step involves the lytic reaction, which
is exhibited by viable and metabolically active effector cells

only.
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Alternatively, the apparently broad cytotoxic activity
of LBC observed in this study may be due to antigenic cross-
reactivity among different target cells in tissue culture. Some
preliminary results obtained by radioimmunoassay using a syngeneic
anti MC-D serum, as a épecific reagent indicate that such an antigenic
relationship may actually exist. Although more experiments are
needed for the elucidation of the factors governing this system,
it is tempting to speculate that MC-D antigen(s), which are
recognized in vivo, may be expressed in vitro on cell lines derived
from normal syngeneic guinea pig tissues and also on xenogeneic
cell lines. Although the experimental evidence does not support
the view that the observed crossreactlons may have been due to common
virus induced antigens, this possibility cannot be categorically ruled
out at this time.

So far in one study by Sinkovics et al. (813), a similar
phenomenon to that described in this thesis has been reported.
Targe number of lymphocytes appeared in primary cultures of neoplastic
tissue from cancer patients, which eventually led to the destruction
of tumor cells. These findings are considered to be analogous
to some of the results of this investigation, since in both cases
lymphocytes emerged from cultures of neoplastic tissue and were
cybotoxic to the tumor cells as well as to established cell lines.
These results suggest that both transplantable tumors in animals
and autochthonous human tumors may be infiltrated by sensitized
lymphocytes and that, although these lymphocytes do not seem to
be capable of suppressing tumor growth in vivo, they are capable

of proliferation and complete tumor destruction in vitro. This
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striking difference indicates the possible importance of tumor
enhancing mechanism(s) operating in vivo which may involve

humoral antibodies. Moreover, it is worth noting that immunoglobulin
production could not be detected in culture; hence it would appear
that similar interference by humoral antibodies was not manifested
in vitro. Clearly, it would be useful to study the effect of

serum of guinea pigs carrying the tumor on the activity of LBC

in vitro. Finally the observation that LBC were able to partially
inhibit the growth of tumor cells in vivo when administed locally
indicates the potential usefulness of such cells, for the development
of immunotherapy of tumors. However, further studies are needed

for the realization of this possibility.
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Chapter VI

Conclusions

The following conclusions can be drawn from the experiment-
al findings of this investigation:

(i) Tumor destruction by a cell-mediated immune reaction
directed against artificially induced neo-antigens on the tumor
cell surface 1s feasible. Tumor specific antibodies foreign to
the tumor bearing host may be used as neo-antigens. The humoral
response by the host to these neo-antigens may interfere with cell-
mediated tumor destruction.

(ii) The conjoint application of polyoma cells and normal
syngeneic spleen cells by the intraperitoneal route results in
tumor enhancement, but not when given subcutaneously.

(iii) Tn mixed lymphocyte~tumor cell cultures from syngeneic
guinea plgs, cytotoxic cells with the main characteristics of
transformed (thymus derived) lymphocytes can be produced. Also
from primary tumor cell cultures similar cytotoxic cells emerge in
about half of the cases. These cytotoxic lymphoid cells are capable
of inhibiting tumor growth in vivo. It was shown that this tumor was
infiltrated by sensitized host lymphocytes which albthough incapable
of rejecting the tumor in vivo, were capable of proliferating and

destroying the tumor in vitro.
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Claims to Originality

The basic idea of this study of using tumor specific anti-
bodies for the destruction of cancer by an indirect cell-
mediated immune reaction had not been proposed before.
Clearly such a system allows the localization of a tumor
destroying cell-mediated immune reaction in (metastatic)
tumor focl practically anywhere in the body.

No extensive study of the possibility of mounting a tumor
destroying cell-mediagted immune reaction in vitro has been
reported until now. The development of such system in this
study opens up the possibility of establishing the
immmological parameters involved in tumor-host relationships
and offers a new approach to the immunotherapy of cancer by

immune lymphocytes produced in vitro.
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APPENDIX I

THE IMMUNE SYSTEM AND ITS FUNCTION

Introduction

Ever since Charles Darwin realized the obligatory need
for every living organism to be able to comply with its environment,
this fundamental biological law has been considered to be the most
powerful factor bf selection during evolution. In other words, in
a given enviromment only those biological systems will prepetuate,
which can fully meet the complex requirements of survival. One
aspect of successful accommodation is the possession of an effective
defence mechanism against harmful organisms and compounds. Even the
most primitive living creatures, such as bacteria, have to face
many of these noxious environmental factors including destructive
viruses, which represent also some of the pathogenic agents in
higher organisms. The discovery of antibiotics served as the most
fascinating example of the operation of such defence mechanism(s).
It is also remarkable that many of these protective compounds,
produced by fungi or other primitive organisms, are able to function
equally well in highly evolved bioclogical systems including Homo
Sapiens. The enormous advance in chemotherapy, as achieved with
antibiotics illustrating that alternative solutions for the same
problem are possible and they have developed during evolution.
Production of antibiotics i1llustrates an extracellular defence
mechanism, while resistance to them reflects an intracellular reaction.

Intracellular recognition of foreigness (incompatibility)

was clearly cbserved in Protozoa, which does not exist in Metazoa
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(872; 350). On the other hand, species specific aggregation of
sponges which is mediated by cell surface glycoproteins represents
an example of primitive extracellular recognition (439). Transplant
failures in Coelentarates were attributed to the existence of a
defence mechanism similar to that of graft rejection in higher
animals (135). Similarly, earthworms possess the ability of
destroying both allografts and xenografts, and this immune reaction
is characterized by specificity and anamnesis. Adoptive transfer
of xenograft immunity has been also achieved with immune cells
called coelomocytes in these animals (155; 194; 195). TInsects

can develop immunity rapidly with the appearance of non-protein
antibacterial factors produced in response to antigenic stimulation,
while in general arthropodes fail to recognize allografts and some
xenografts as foreign (419). Although our knowledge of the immune

responses of invertebrates is rudimentary, it appears that they

possess recognition "factors" for antigens which, however, may be
produced at a very low rate. The rapid adaptive change to antigens,
which involves the synthesis of specific proteins (antibodies),
has been encountered only in vertebrates (819); this immune response
is of vast importance for their survival constituting their principal
means of defence against pathogenic microorganisms and possibly also
against neoplastic cells (127).

At this Juncture it seems appropriate to define some
of the terms used in immunology. An antigen is a substance which,

under appropriate conditions, is capable of inducing the production
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of effector lymphocytes (cellular immunity) and/or the formation
of antibodies (humoral immunity), and of reacting specifically
with these cells or humoral factors. A complete antigen possesses

two properties: (i) immunogenecity, i.e., the capacity to stimulate

the immune system, and (ii) the ability to react specifically with

antibodies or immune lymphoid cells. Substances, which are not
immunogenic by themselves, but do react with appropriate antibodies
in a highly selective fashion, (i.e. specifically) are designated
as haptens.

The term antibody refers to a globular serum protein,
formed in response to an antigen and reacting specifically with
it and, to variable extent, with substances of similar structure,
i.e. possessing "crossreacting" molecular features. In response
to an antigen are formed different classes of antibodies, designated
as immunoglobulins (Ig). Antibodies specific to numerous antigens,
are present in the serum (and in other body fluids) even without

any known exposure to the corresponding antigens. These immuno-

globuling are referred toas natural antibodies; it is not clear if
these antibodies are formed without an antigenic stimulus, or if
they represent a response to crossreacting environmental antigens.

The thymus and the bursa of Fabricius (the latter organ

is present only in birds) constitute the primary lymphoid organs,

in which lymphopoesis i1s dependent on the availability of stem cells
1t

and 1s not antigen dependent. These organs are regarded as "maturation

sites of lymphocytes from stem cells supplied by the bone marrow.
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Some of the lymphocytes generated in the thymus migrate oub

(T cells) to become part of a pool of long-lived small lymphocytes,
which populate the paracortical area of lymph nodes and periarterial
lymphocyte sheaths of the spleen (thymus dependent areas). Bursa
(or bursa equivalent) derived lymphocytes (B cells) are released
similarly into the circulation and home to germinal centers

in the various lymphold organs. Lymphopoesis in the spleen, lymph

nodes (lymph nodes are absent in birds), tonsils and other lymphoid
follicules involves immunocompetent lymphocytes and is antigen

dependent. These organs are defined as secondary lymphoid organs

(601). A model of lymphocyte dinamycs designed for the mouse

(223), is schematically illustrated in Figure 26. Evidence is

rapidly accumulating to suggest that the situation is similar in

other species, including man (944). The bone marrow, primary

and secondary lymphoid organs and the recirculating pool of lymphocytes

constitute the immune system, It has been established that mature

lymphocytes are equipped with antigen receptors on the cell surface,
which are extremely divers, and therefore it has been postulated
(125; 167; 558; 7823 970; 971) that there exist numerous sub-
populations of cells referred to as clones, each of which being
sensitive to a distinct antigen.

A1l the changes elicited in the immune system by antigenic

stimulation may be defined as the immune response. Two major events

are are characteristics of this reaction:
(1) Rapid proliferation of lymphoid cells and (2) production

of effector cells and synthesis of humoral antibodies.



F ig o 26 .An idealization of the situations in mice in which lymphoeytes are found and the
primary links between them. Cells are to be thought of as thymus-derived (e}, or bone-
marrow-derived (o). The arrows indicate the usual direction of flow of cells.

Davies,A.J.S.,E.Lenachars,V,Wallis,M.J.Doenhoffs
Proc. Roy. Soc. London, Ser. B. 176:369,1971.
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Animals responsive to a given antigen become immune, i.e. develop
an elevated number of specifically altered, recirculating
lymphocytes, which are sensitive to the antigen, as well as high
level of antibodies in their blood and/or other tissue fluids,
including mucosal secretions. This status results in a hightened
resistance to infectious agents or toxins, if the immunity is
directed to them, or in general in a more efficient clearance and
destruction of the antigens which may be regarded as foreign and
potentially harmful.

It is clear thalt only antigens which come into contact
with immunocompetent lymphocytes, i.e. which may penetrate into
body tissues deeply enough, will elicit an immune response., If
this process is achieved by injection of the antigen or by entry
of the antigen into the host's system, as is the case with bacteris

and viruses, it is referred to as active immunization. Vaccination

is a special term reserved for immunization against infectious
agents. The first well documented vaccination was achieved by

Jenner (1798) against small-pox with cow-pox (variola vacca)

virus. The term vaccination used by Jenner in his pioneering

work on immunity was coined to describe the procedure and the

term vaccine for the corresponding antigen. Certain materials,

which are used mainly as vehicles for the antigen and do not
contribute to the specific antigenic stimulus, but have the potential

to amplify the immune response, are called immunological adjuvants.
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From this short survey of the ilmmune response, it is
obvious there are two basic manifestations of immunity: 1.e.

humoral and cellular immunity. Humoral immunity is transferable

with antibodies or serum (passive immunization) from immune to

normal animals, while cellular immunity can be transferred to

histocompatible (syngeneic = genetically identical) hosts only
with immune lymphocytes (adoptive immumization). Both forms of
immunity are elicited by most antigen, but the absolute and
relative intensity of each of these manifestations varies greatly
according to the type of antigen involved.

If an animal is exposed repeatedly to the same antigen,
usually an accelerated and stronger immune response occurs, this

is referred to as secondary response and is due to the proliferative

stimulation of memory cells (i.e. immunological memory or anamnestic

reaction) formed in and preserved from the first encounter with

the antigen, which is termed primary response.

Under normal (physiological) conditions no immune reaction
occurs to self- constituents of the body; this status of
unresponsiveness is termed tolerance (self- tolerance). Immunological
unresponsiveness may be also induced to various antigens under
certain circumstances to be discussed later. The concept of

immunological enhancement or facilitation is derived from tumor

immunology and refers to a situation when an antigenic tissue
(recognized as not -self) induces an immune reaction which does not

result in the destruction but in the protection of the tissue or



279.

cells in question. Although it is clear that specific antibodies
are involved in immunclogical enhancement, the exact mechanism
underlying this reaction is still obscure (464). TImmunological
enhancement is regarded by some as a physiological mechanism
contributing to the astonishing success of Natures graft, the
conceptus.

Antigens

Antigens have two essential characteristics: immunogenicity,

i.e., the capacity to stimulate proliferation of appropriate

lymphocytes, and the ability to react specifically, i.e. in a

highly selective fashion, with the resulting immune or sensitive
cells or with the corresponding antibodies, which could be free

or cell-bound. In contrast to the restricted classes of proteins
that possess antibody activity, an enormous variety of
macromolecules can behave as antigens (e.g. virtually all proteins,
polysaccharides, nucleoproteins, lipoproteins). Under appropriate
conditions, even small molecules (haptens) which cannot act by
themselves as antigens may acquire immunogenicity if they are
suitably linked to macromolecular "carriers" such as proteins or
synthetic polypeptides. Thus, it appears that a necessary requirement
for most antigens is that they be presented to the immune system in

the form of macromolecular compounds. However, immunogenicity is



280.

not an inherent property of a macromolecule, since "gelf"
constituents are not immunogenic. One cardinal condition is

that the putative immunogen 1l.e. the molecular form or metabolized
product of the antigen which 1s resgponsible for the stimulation
of the immune response, be recognized as alien (i.e., not self)

by the responding organism. The restricted portions of the
macromolecular antigen that determine the specificity of antibody-

antigen interactions are the antigenic determinants. A considerable

body of experimental data indicates that these determinants are
limited in size, occupying a volume equivalent to 6-8 amino
acids or sugars (224; 340; 461).

Haptens are not immunogenic but they react selectively
with antibodies of the appropriate specificity. In general they
are small molecules and have to be covalently linked to proteins
or polypeptides (i.e. to macromolecular carriers) in order to‘
become immumogenic (conjugated proteins). A numberlof well~
defined chemicals, like pycril chloride, dinitrochlorobenzene
(DNCB), dinitrofluorobenzene (DNFB), 2 -ethoxymethylene-5-oxazolone,
etc. (897) and merthyolate (740) can elicit immune reactions in
contact with skin or other tissues (contact sensitizing agents).
Although these compounds are not immunogenic, they have the
capacity to react with self proteins in the skin which serve as
carriers, andthe resulting hapten-protein conjugates involving
an alteration of the boedy constituents are recognized by the

immune system as foreign.



It was stated already that antigens are normally
macromolecules, however, in recent years a few small molecules
with immunogenic properties have been discovered. Thus, the nona-
peptide of L-lysine conjugated with dinitrophenol (DNP) as a hapten
was shown to be immunogenic (793). Similarly arsanilic acid coupl
by diazotization to L-thyrosine was capable of inducing hapten
specific delayed hypersensitivity (534). L-thyrosine-azobenzene-
p-arsonate (ABA-Tyr) was shown recently in guinea pigs to function
as a carrier for a macromolecular "hapten" (16) as well as for DNP
if sufficiently spaced from each other through one or more 6-amino-
caproyl spacers (8 &), but one ABA-Tyr group did not function as
carrier for another ABA-Tyr when linked to each other through -
6-amino~-caproil groups. Modifications of ABA-Tyr either at the
arsonate or thyrosine positions showed that other charged groups
(sulfonate and trimethyl-ammonium) could substitute for arsonate
without loss of immunogenicity. Removal of either the amino
or carboxyl group from the side chain of thyrosine did not abolish
immunogenicity, but immunogeniéity was lost upon removal of both
(16). These data indicate that ABA-Tyr is able to stimulate
cell-mediated immunity exclusively and unable to induce antibody
formation. Contact sensitivity to DNCB was induced in guinea pigs
by immunization with large amounts (0.5-1.0 mg) of dinitrophenyl
and dinitrophenyl sulphonyl(DNP-S) groups linked to single amino
acids, i.e. g~DNP-L-lysine, DNPS-glycine, DNP-S-glutathione and

DNP-S~cysteine (929).

281,
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It is generally believed that protein antigens should
consist of L-amino acids, and that polymers of D-amino acids are
not immunogenic, However, it was shown in the mouse that D- and
L~ synthetic polypeptides have lmmunogenic properties, and that
only an extremely small dose of a poly-D-peptide was capable of
eliciting an immune reaction, and that higher doses induced
immunological “paralysis" (454). This is reminiscent of the
immunogenicity of the pélysaccharide of pneumococci, i.e. adminstration
of less than 10fig of the polysaccharide was ilmmunogenic, but doses
larger than 100 @g proved paralytic for the immune system of mice
(286). The postulated reason for this dose effect is that these
antigens are not susceptible to enzymatic breskdown and are,
therefore, able to persist for very long periods in high (paralytic)
concentrations in the body if administered in large doses.

Tissue antigens: So far antigens have been considered in

molecular terms only. However, much bigger particles like wviruses

and bacterial, plant or animal cells behave also as antigens.

Antigens of highly differentiated animal tissues are termed as

tissue antigens. Many of these antigens are used for genetic

purposes as markers, since tissues with identical antigens are
immunologically compatible (i.e. syngeneic or isogeneic tissues) while
tissues from genetically non-identical hosts may have, and usually do
have different antigens, are therefore rapidly rejected if
transplanted to different members within the species (allogeneic

tissues) or to members of a different species (xenogeneic tissues).
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Tissue antigens which segregate within the species are termed

as alloantigens or isoantigens. Other tissue antigens which are

present in all members of the species (species specific) may be
recognized as foreign by xenogeneic animals only and are coined

as xeno-antigens.

The antigenicity of various tissues within the sawme
species was originally detected by transplantation tests and, therefore,

the corresponding antigens were termed as transplantation or histo-

compatibility antigens. A system of strong antigens has been shown

to be present in each species examined so far, and to be chiefly
responsible for graft rejection; the respective systems have been
designated as HL-A for human, H-2 for mouse, DL-A for dog and Ag-B
for rat. All these histocompatibility systems consist of numerous
antigens with different specificities, which are organized into
diverse patterns. Consequently, the probability that two
individuals will have identical antigens is very low (1 in 30,000
for man). Identical twins and highly inbred animals possess
identical histocompatibility antigens and accept each other's
grafts permanently. Transplantation antigens are present on the
surface of most, if not on all the cells of the body, but they
vary in quantity and in some cases even in quality according to
the type of tissue (215; 805; 855; 856).

Blood group antigens present on red cells, on many

epithelial cells and virtually on all endothelial cells, but absent
from cornnective tissue cells, constitute another well known system

of alloantigens (224).
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Several alloantigens have been described for mouse
lymphoid cells. Thus, Reif and Allen (734) discovered a thymic
antigen of AKR mice which was also present on the brain tissue.
Tater on it turned out that this thymic antigen, termed as @, is
determined by a single genetic locus with two alleles:one 1s
O-AKR found also in RF mice, the other is ©-C3H which is present
in most other inbred strains of mouse. Thymocytes and thymus-
derived lymphocytes may be distinguished from other lymphoid cells
with the aid of O-specific antiserum (718). A similar alloantigen
present on thymus cells of certain mouse strains and also on some

leukemias of thymic origin is named as thymus-leukemia (TL) antigen

(105). Mouse strains may be classified as TL-positive or TL-
negative. TL-negative mice can form TL antibody. Leukemlas may
also be classified as TL-positive and TL-negative. A unique

feature of the TL antigen is their appearance in leukemias of strains
that do not have TL in their normsl tissues. Two other TL antigens

2

(TIF and TLS) belonging to the same system have been described but

these have not been found in leukemias of T4 and TL3

negative
strains. Three phenotypes are distinguishable in normal mice:
TL-negative, TI?—positive and those possessing all three TL antigens.
The genetic determinant for TL (Tla locus) is in the linkage group
IX near the D end of H-2 (cross over frequency 1-2%). There is a
close relationship between TI, and histocompatibility antigens on the

cell membrane, since TL was not separated from H-2 through a series

of purification steps (105; 221). The Iy series represent another
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group of alloantigens of thymocytes and T-cells (865). Yet

another alloantigen present on plasma cells has been designated

as PC. The gene Pca (plasma cell antigen) which determines

PC.1 alloantigen segregates as a mendelian dominant gene, not
closely linked with H-2. PC antigens are present on the cells of
liver, kidney, brain, lymph nodes, antibody forming cells and
myelomas. The strain distribution of PC.1 does not conform to that
of any immunoglobulin allotype or cell surface alloantigen

previously descibed (864). The allotypes of immunoglobulins are

further examples of antigenic differences caused by genetic
variagtion within the species (559).

Xeno-antigens of the lymphoid system have also been

described: A mouse bone marrow derived lymphocyte antigen (MBLA)
was detected with rabbit antisera produced against B-cells and
subsequently absorbed with mouse liver, red blood cells and
thymocytes (720). Specific antisera to chicken thymus and bursa
cells were also produced in rabbits by similar procedures and the
corresponding antigens were designated as chicken T-lymphocyte
antigen (CTLA) and chicken bursa-derived lymphocyte antigen
(cBULA) (586).

A specific antiserum produced against stimulated
macrophages of the rat reacted with free (peritoneal, bone marrow,
blood etc.) macrophages but did not combine with fixed phagocytic
cells located in the liver, lung, lymph nodes and thymus. A
similar difference in the antigenic makeup has been shown to

exist between the free and sessile macrophages of guinea pigs,
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mice and rabbits (621).

Recent investigations revealed that thymus derived cells
were necessary for a successful immunization with a number of
antigens like red blood cells, most proteins and hapten-protein
conjugates etec., while other antigens like flagellin of S.adelaide,
pneumococcal polysaccharide or Brucella were able to induce a normal
immune response in the absence of the thymus (222; 6013 723; 859;
902). Therefore, the former antigens may be classified as

thymus dependent antigens and the latter as thymus independent

antigens. Resistance to certain infectious agents shows a somewhat
similar tendency, namely that thymic function is essential for
withstanding most viruses, fungi, protozoa, mycobacteria and some
other bacteria, but it does not seem to play an important role in
pyogenic infections caused by staphylococci, pneuvmococci,
streptococeci or Haemophilus influenzae (253).

If two or more antigens are injected simultaneously or
within a short interval into the same animal, a diminished immune
response is observed to each antigen compared to that elicited
by the same dose of each of the antigens when administered to different
groups of animals separately. This phenomenon is known as antigenic
competition (873). However, it should be noted that certain
antigens like mycobacterial antigens, Bordetella pertussis vaccine,
endotoxins etc. greatly potentiate the immune response to unrelated
antigens upon éonjoint administration and are for this reason

frequently used as immunological adjuvants.
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Humoral immunity

A. The bursal lymphoid systenm

Glick et al. (343) discovered that chickens which had
been bursectomized * at hatching were unable to form humoral
antibodies. This observation was confirmed by others (632) and it
became clear soon that in the chicken the bursa was responsible
for the generation of antibody forming precursor cells (B-cells).
On the other hand neonatal thymectomy combined with whole-body
x-irradiation (600 r) was associated with failure of antibody
production in about 40% of chickens only (197). Bursa cells from
chickens, inbred for the major histocompatibility loci, were
labelled with Hs—thymidine and transferred to x-irradiated
recipients. Six to eighteen hours later bursa cells tended to

localize within the germinal centers of the spleen. Bursa cells

not localized within germinal centers homed preferentially to the

red pulp. On the other hand, less than 0.1% of killed bursa cells

were found localized in the spleen, and most of these cells accumulated
in the liver and to a lesser extent in the lung. Although thymus

cells homed to the spleen they were never found in the germinal
centers, but localized along the arterioles (242). While bursectomy
eliminates completely the capacity of specific antibody formation,

a new immunoglobulin-~like protein was found in the sera of such

chickens. The molecular weight of this protein was 300,000, it

* The bursa of Fabriclus is a primary lymphoid organ present only
in birds. Tt develops embriologically as an invagination of the
cloacal entoderm.



288,

contained only heavy chains of IgM, but no light chains could be
detected. The origin of this primordial immunoglobulin-like serum
protein is uncertain (159). It was also reported that bursal
lymphocytes produce hemolytic antibodies to sheep erythrocytes
inoculated into the cloaca and that these cells reacted with
Escherichia coli antigens but not with gamma streptococcl (907).

On the basis of the absolute necessity of bursal function
for a normal immunological reactivity in birds, it is reasonable
to assume that a bursa-equivalent organ must exist in mammals.
However, no conclusive evidence is available so far as to what
organ would have the attributes of the bursa. The two likely
candidates are the gut-associated lymphoid tissue and the bone
marrow. PEyer% patches and other gut-associated lymphoid tissue were
considered to have bursa equivalent function in rabbits (196; 685).
Based on the fact that human bone marrow cells responded to poke-
weed mitogen and anti-immunoglobulin sera (B-cell stimulants), but
were unresponsive to phytohemagglutinin (T-cell stimulants), the
bone marrow Was proposed as bursa equivalent in man (2).

B. Tmmunoglobulins (Ig)

Analysis of serum proteins by electrophoresis revealed
that antibodies are members of different classes of globulins.
Of the three principal electrophoretically separable globulins of

vertebrate sera (@ -, 8 -, and y’—globulins) the « -globuling were

observed by Tiselius and Kabat (889) to be elevated in the sera of
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intensively immunized animals. Moreover, the purified antibodies
to various antigens, isolated from specific precipitates, were
found to be indistinguishable from ¢ -globulins, not only with
respect to chemical properties (electrophoretic mobility, solubility,
amino acid composition), but also with respect to antigenicity.
Hence following Hereman's suggestion, all proteins that have antigenic
determinants in common with antibody molecules, are now called
immunoglobulins (224).

The subject of immunoglobulins has been extensively treated
from many aspects in several reviews (182; 185; 251; 531; 572; 654;
855). Serum immunoglobulins comprise a vastly heterogeneous
population of proteins composed of antibodies of various molecular
sizes and widely different specificities. The term immunoglobulin,
as distinct from the gamma-globulin, is commonly used in a somewhat
broader extent to describe serum proteins with characzteristics
which include y-globulins, but extend into the B and > range of
electrophoretic mobility. In humans, there are at least five
major classes of immunglobulins known as IgA, IgD, IgE, IgG and
IgM, each class being characterized in terms of its specific
antigenic determinants as revealed with antisera produced in
different species. All five classes of immunoglobulins coexist
in human sera, but occur in different concentrations, differ
in antibody content,rates of synthesis and catabolism, placental
passage and in physico-chemical and immunochemical properties as

shown in Table 18 (251; 450; 572; 891). The three major classes
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IgG, IgA and IgM comprise more than 95% of the serum immunoglobulins,
while IgD and IgE represent two minor classes (251).

Antibody heterogeneity manifests within a fundamental
structural framework common to all immunoglobulins. This basic
structure consists of two identical light (L) and two identical
heavy (H) chains linked by disulphide bonds and noncovalent
interactions in a Y-shaped molecule as shown in Figure 27. This
tetrachain structure is designated as the monomer unit. The L-
chains of all immunoglobulins fall into two chemically and antigenically
different groups, known as kappa (& ) and lambda (X). Conversely,
the H-chains of each immunoglobulin molecule belong to a specific
antigenic class and designated by the corresponding Greek letters
as® , 6 ,& , ¥ and ¥ chains. Each class (isotype) is common
to all members of the species. Furthermore these H-chain members
may be divided into subclasses according to specific determinants
located in the carboxyl-terminal portions of the chains.

The first indication of the multichain structure of
immunoglobulins was provided by an analysis of the products obtained
following reduction of disulfide bonds of IgG with mercaptoethanol
and subsequent alkylation. Starch gel electrophoresis revealed
the presence of two type of bands (251); the faster moving bands
were the L-chains and the slower were the H-chains. The basic
four chain structure of immunoglobulins was confirmed in latter
studies that were concerned with the cleavage of rabbit IgG by
various proteolytic enzymes. This structure is schematically

represented in Figure 27.
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The region in the vicinity of the inter-heavy chain
disulphide bond is susceptible to enzymatic attack and is
referred to as the hinge region. The digestion of rabbit IgG
with papain (activated by cystein) produces three fragments
(molecular weights 40-50,000) which may be separated by chromato-
graphy on carboxymethylcellulose (706). One of these ffagments
the Fc fragment consists of the carboxyl halves of the H-chains
still linked by a disulphide bond. The Fe fragment is crystallizable,
and although it possesses no antibody activity, it does have
important bilological functions, e.g. complement fixation, cytophilic
and cytotropic activity, passage through membranes and excretion
are all mediated by this portion of the molecule, as it will be
discussed later. Most of the carbohydrate moiety of IgG is
attached to the H-chain via B -carboxyl group of an aspartic
acid residue in the Fc portion of the molecule. However, the
other two fragments designated as Fab, which are similar in size
to Fe but differ in charge, each possess one antibody combining
site and therefore are univalent. They each consist of an L-
chain linked to the amino terminal segment of an H-chain.

The action of pepsin on IgG resembles that of papain
in that it cleaves Ig@ in a similar region of the molecule, the
hinge region, but results in a divalent 58 F(ab®)2 fragﬁent
(molecular weight 100,000) and a series of smaller peptides (904).
These small peptides arise from the digestion of Fc region

by pepsin. The divalent F(ab')2 fragment can be further cleaved
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by sulfhydryl agents to yield monovalent F(ab'!) fragments

resembling the Fab fragments obtained with papain (653). Similarly
the F(ab!)2 is sensitive to attack by papain and may be split into
two univalent Fab fragments plus a disulphide linked peptide (143).
However, the univalent F(ab') fragments differ slightly from the

Fab in amino acid composition and molecular weight. The peptic
fragment has a molecular weight of about 46,000, whereas the
molecular weight of the papain fragment is approximately 41,000.
Treatment of IgG with trypsin or cyanogen bromide (926) also results
in F(ab')2 fragments. A unique feature of the immunoglobulins is
their linear arrangement and periodic distribution of inter- and
intra-chain disulphide bonds. Amino acid sequence analysis has
shown that the H-chaln may be Joined by one to five disulphide
bonds depending on the partial subclass of IgG (295; 299).
Approximately 60% of rabbit IgG molecules can be dissociated into
half molecules after reduction of one disulphie bond per molecule.
The other 40% are more resistant to reduction probably because

more than one inter-heavy chain disulphide bond is present. H-
chaing are also linked via disulphide bridges to IL~chains either
through the carboxyl-terminal cysteine residue in the case of kappa
chains or the penultimate carboxyl-termingl cysteine residue of
lambda chaing. The disulphide bonds linking the H-chains are

more labile to reduction with mercaptoethylamine than those

joining IL-chains to H-chains. In addition to H-H and H-L disulphide
bonds, L and H chains possess respectively a total of 2 and 4 intra-

chain disulphide bonds each enclosing loops containing gbout 60 amino
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acids (Figure 27). The basic pattern of repeating intra-chain
disulphide loops is apparently fundamental to the function and
rigidity of the molecule and has been comserved during evolution.
This pattern could resulted by gene duplication from a smaller
precursor gene (251).

Although less information is available about the
immunoglobulins in species other than man, evidence is increasing
that birds and mammals have the major classes of immunoglobulins
present in primates (313; 448; 891). An evolutionary scheme of
immunoglobulin genes is present in Figure 28 (559). Serum levels
of immunoglobulins in germ free animals are much lower than in
conventional animals, i.e. germ free mice were reported to have
only 2.8% of the normal IgG level, and to produce antibody at
a slower rate than conventional animals (444). Similarly,antibody
producing cells of germ free mice were about 8% of those found
in normal mice and increased to 33% on immunization with human
IgG and Salmonella typhimurium (666). Similarly, the y -globulin
level of germ free rats was 10-15% of the level present in normal
rats and it approached the normal level within 4 weeks after
exposure to normal intestinal flora (371), These and many similar
observations indicate that most, if not all, of the immunoglobulins
present in the serum at the "normal" level are produced in response
to stimuli by various environmental antigens, which could be
exogeneous (food constituents, bacteria, viruses etc.) or

endogenous (neoplastic cells, for instance). Therefore natural
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antibodies, which are detectable in serum to a great variety
of antigens, may be regarded as being the result of the immune
response to environmental antigens rather than due to a spontaneous
or inherited capacity to produce immunoglobulins. However this
latter possibility cannot be completely excluded. The important
role of immunoglobuling in the defencemechanism of the body is
emphasized by the fact that children born with congenital
agammaglobulinemisa are not able to resist pyogenic infections
and Haemophylus influenzae, although they may survive till middle
childhood (253). Furthermore individuals with IgA deficiency,
which occurs in 0.2% of the population, have an increased
sensitivity to mucosal, especially to respirabory infections (187).
During the past few years it became clear that the
various immunoglobulin classes were different not only in terms
of their physicochemical characteristics but also as regards
their different biological functions. As already stated, the variable
(amino terminal) regions of H and I chains constitute the antigenic
combining site in all classes of antibodies. On the other hand,
the Fc portion, which is unique to each class, is responsible

for the bioclogical behaviour of these different immunoglobulins,

e.g.: complement fixation, cytotropic or cytophylic activity,

passage through membranes, excretion, etc. The major characteristics

of human immunoglobulins are summarized in Table 18 (251; 448; 572).
IghA is present practically in all mucous membrane secretions

(bronchial, small intestine, vaginal), in parotid saliva, amniotic

and lachrymal fluid, and in the colostrum. It is not derived from



Table 18,

Maijor characteristics of human immunoglobulins,

IgA IgDh Ighk IgG IgM

Synonyms YA,ByA, v A YD YE, IgND YGy7SYs¥ps Vg YM,19Sy,ByM, v M
Heavy chain class o J € Y M
Light chain class K, ‘. <A o c )
Sedimentation cons- ’ ’

tant (S°20,w) 6.3-6,9 6.2-6,8 8 6,5=7 18=20
Molecular weight 180.000 183.000 196,000 150,000 900,000
Total carbohydrate(%) 5=7.5 10-11 2.9 11.8
Subclasses known 2 4 2
Serum concentration

(mg%) 390+90 0.3=-30 0.0017-0,006 1240+220 120435
Approximate total
globulin (g/kg/70 ki~ 0,1-0,25 0.01-0,05 0.75-1.,9 0.05-0,19

loman
Synthesis rate

(mg/kg/day) 20,9=55 0.03=1.,49 20=40 3.2-16,9
Catabolic rate

(% i,v. pool/day) 13=34 18-60 50 4=7 14-25
Distribution

(% i.v. pool) 40 63=-86 48-62 65-100
Antibody activity + + + + +
Skin sensitization in

-heterologous spec, = - + -

~homologous species ¢ - + - -
Complement fixation = +% + +
Placental passage + - - + -
Presence in cerebro-

spinal fluid + 4 -

* through alternate pathway (449)

ALY
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serum by simple transudation, but excreted against a concentration
gradient. In contrast to serum IgA, which is a monomer with a
sedimentation coefficient of 78, the secretory IgA has a dimeric
form (as illustrated in Figure 29) (281), the Fc portions of

two IghA molecules being linked to a secretory "piece" (transfer-,

T component ); for this reason the sedimentation coefficient

(SO 20,w) of secretory IgA is 11, and its molecular weight 385,000.
The secretory pilece is a glycoprotein with a sedimentation
coefficient of 4,2 (Molecular Weight 58,000) and a 9.5% hexose
content, and is linked to « chains by both covalent (disulfide)
and. noncovalent forces. The secretory pilece may be present

by iself in saliva. The primary site of synthesis of the IgA
portion of the secretory molecule is in plasma cells lying in
intimate anatomical relationship to mucous membranes or glandular
tissue. It is not known whether dimerization is achieved inside
or outside the plasma cell. Roughly five times more IgA is produced
in the secretory system than in the secondary lymphoid tissues
such as spleen and lymph nodes. There is very little correlation
between the IgA level in serum and saliva. Myeloma patients with
extremely high serum levels have normal level in saliva. In
infants salivary IgA is produced earlier than serum IghA, and it
also approaches adult values faster. Although the biological
significance of IgA is as yet not completely established, the
available data strongly suggest that it is the host's first line
of defence against infections and other harmful agents which come
into contact with mucous membranes. Secretory IgA contains natural

antibodies to numerous infectious agents and reinfections with



FicUreZ @, Diagrams of (a) a yM pentamer and (b) a yA dimer. The drawings,
which are approximately to scale, are based con electron micrographs and incorperate
data derived from chemical and physical analyses. The antigen-binding sites are
represented by B. The positions of the inter- and intrasubunit cystine bridges in yM
are shown by the numbers 2, 3 and 4. The numbering, which runs from the N
terminus, is that used previously. A portion of the folded polypeptide chain is shown
in one protomer at the bottom left. One of the five polar twofold symmetry axes
of the YM molecule is shown.
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respiratory viruses, rhinoviruses and type 1 parainfluenza are
better correlated with a lower level of mucosal antibodies than
of antibodies present in sera (187;365; 891). It was also
proposed that IgA protects other immumne systems from excessive

stimulation via the gastrointestinal tract.

IgD is a minor component of serum immunoglobulins and
no unique function has been revealed so far for this immunoglobulin.
A significant elevation of IgD was found in sera of pregnanf women
collected at delivery. Sera collected at other stages of gestation
and from women using oral contraceptives showed considerable
variation in IgD levels but with less significant elevation
when.contrasted with nonpregnant controls. It remains to be
elucidated, whether IgD has a physiological role during gestation(484).
Igk is present in the serum in even lower amounts than
IgD (Table 18), but it plays a central role in allergic diseases

as "reaginic" or "skin sensitizing" antibody. It was only recently

reglized that human reaginic antibodies belong to distinct immuno-
globulin class (447). Tonsils and adenoids possess the greatest
number of IgE plasma cells, which form even germinal centers.
Bronchial and peritoneal lymph nodes as well as the respiratory

and gastrointestinal mucosa contalin IgE plasma cells, but very few
can be found in the spleen and subcutaneous lymph nodes, none in
peripheral blood and bone marrow. Such distribution of plasma cells
suggests that IgE may be formed locally in response to antigen.

Tissue mast cells and basophil leucocytes, but not other

granulocytes or lymphocytes have receptors for the Fc portion of

IgE. The fixation of IgE on these cells is readily impaired by



301.

maintaining a reaginic serum at 56°C for % - 4 hours and by treatment

with mercaptans at low concentratbtions. Basophils sensitized with
IgE release histamine upon exposure to elther allergen ¥ or anti-
Igk antibody. The initial step for triggering a reaginic hypersen-
sitivity reaction appears to be the combination of the antigen with
cell-bound IgE molecules, which is considered to result in structural
changes in the Fe portion of the antibody molecules leading to
activation of membrane fixed enzymes and to the release of histamine
and/or slow reactive substance of anaphylaxis (SRS-A) as illustrated
in Figure 30 (184; 447; 450). Following challenge with the
appropriate allergen of human lung tissue, which had been passively
sensitized with serum from a ragweed-sensitive donor, the anaphylactic
diffusate has been shown to contain, in addition to histamine and
SRS-A, a factor selectively cheﬁotactic for human eosinophils.
This factor was distinguished from histamine, bradykinin,
serotonin, the prosteglandins PGEy, PGB, and PGFp, and SRS-A (475).
Serum concentration of IgE was significantly raised in
some patients with allergic asthma and hay fever, but was normal
in others. Children and Africans sufferring from parasitic
infestation had significantly raised levels of IgE (447). The
strong IgE response to parasites suggests that this immunoglobulin
may have a specilal function in reactions providing protection

againgt parasitic diseases. Besides the pathological aspects

* The term allergen is used to denote an antigen responsible for
induction of an allergic state, i.e. of immediate hypersensitivity
characterized by appearance of reaginic antibodies.
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little is known about the role of IgFE in the immunological defence
mechanism. It is believed that the main function of IgE is to
equip basophils and tissue mast cells with antigen specific
receptors (homocytotropic antibody), and that these cells are
then able to participate actively in immune reactions leading to
an inflammatory reaction. The recently discovered "cutaneous basophil
hypersensitivity", to be discussed later,may represent such an inflam-
matory process.

IgG is known as the major class of immunoglobulins com-
prising about 85% of the total immunoglobulins in man. About 50%
of IgCG is located extravascularly; therefore, it 1s also the major
component of humoral immunity in the tissues. Studies on G myeloma
proteins revealed that at least four subclasses of IgG can be
distinguished. These four subclasses share common antigenic
determinants, specifying the IgG class of immunoglobulins and each
subclass possesses unique antigenic determinants not shared by any
of the other subclasses. The subclasses were designated IgGq,
IgGo, IgGz and IgGy which were denoted also as y 2b, yza, yac
and y2d by Terry and Fahey, and as We, Ne, Vi and Ge by Grey
and Kunkel (447). The number of disulfide bonds between the
H chains varies among these four subclasses, i.e. 2 for IgGy, 4
for IgGZ, 5 for IgGz and 2 for IgG,. The L chain is linked at
different positions to y2, y¥3 and y4 chains. There is increasing
evidence that these four subclasses of IgG have different biological

activities as indicated in Table 19 (447; 605); however, the relation



BIOLOGICAL ACTIVITIES OF HUMAN IgG SUBCLASSES

Table 19,

L1gGq 1gGy 1gG1q 1gGy
1. Complement fixation o+ o+ + -
2. Cytophilic antibody + - + -
3. Fixation to gulnea pig
macrophages + - - -
4, Skin sensitization in
heterologous species + - + +
5., Presence in cord blood + o+ + +
6., Reaction with rheumatoid factor + 4+ + 4+
7. Antibody activity to
- thyroglobulin + + + ?
- Rh factor Ao - 4 -
- factor VIII (clotting factor) - - - e
- dyphteria toxold + o+ + ?
= dextran 4+ ool + -
- telchoic acid + et + -

“%0¢€
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between their function and structure is not settled yet. IgG is
less efficient in complement fixation and agglutination than Igl,
thus, the neutralization of soluble antigens both in the extra-
vascular and intravasculasr space may be considered as its main
function.

IgM 1is a pentamer of five basic units as was mentioned
earlier having a sedimentation coefficient of 19S and a molcular
weight of 900,000. A recent molecular model is presented in
Figure 29§which has been derived on the basis of electronmicroscopic
and physical properties of this immunoglobulin (281). Because of the
large molecular size (M stands for macroglobulin), IgM is localized
almost entirely in the vascular space and the titer in the tissue
fluid is only 1/16th of that in the blood (376). IgM is 100 times
more efficient in lysing red cells than IgG, and also a very
efficient agglutinator suggesting that it is specially well adapted
for handling bacteria and other particulate antigens (572).

Three groups of alloantigens (allotypic markers) referred

to as Cm, Am, Inv are known for human immmoglobulins and have
been shown to be coded by one particular gene locus, respectively,
as illustrated in Table 20. It appears that there is linkage of
genes for the heavy polypeptide chains, but this gene cluster is
not linked to the loci of genes for light chains. In summary,
there are three main principles reponsible for the great variation
of antibodies found: (i) anbigen binding specificity; (ii) class

and. type variety; (iii) allotype variety (559).
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Taste 2(),

GENETIC MARKERS OF HUMAN IMMUNOGLOBULINS

Light Chains Heavy Chains
I_Ev_ Gm Am
K Y1 Y2 Y3 (%3
F&  F  F Fe Fo
1 f a n b g Am,
a z X bt st
b b3 ct
bbs ct

Van Loghem, E,, Ann, N,Y. Acad Sci. 180:136, 1971,



307,

Despite the advanced stage of the immunochemistry of
antibodies, operational terms such as cytophlilic antibody,
cytotoxic antibody or enhancing antibody are still used frequently
in the immunoclogical literature, without any reference as to the class
and subclass of the antibodies involved.

Cytophilic antibodies are immunoglobulins which are

capable of combining with macrophages prior to combining with

the antigen and may be eluted from macrophages at 37°¢. Cytophilic
antibodies belong in rabbit to the IgG class, in guinea pig to
IgG,, in mouse to IgM, IgGy, Igly (but not IgGz) and to IgGy in
primates. In the mouse alveolar, splenic and peritoneal macro-
phages, Kuppfer cells, microglia, and blood monocytes take up
cytophilic antibodies to an apparently identical extent.

Guinea pig, and rabbit alveolar macrophages adsorbed more
cytophilic antibodies than their peritoneal cells. 0il stimulated
mouse peritoneal macrophages take up considerably more cytophilic
antibodies than unstimulated macrophages. Nonspecific cytophilic
antibodies are able to compete against the specific cytophilic
antibodies for binding sites. The biological significance of these
antibodies is not entirely clear. Opsonization or localization

of antigen on dendritic macrophages may enhance the primary immune
response. The bulk of available evidence indicabes no relationship
to delayed hypersensitivity skin reactions. Activated macrophages
for cytotoxicity could be "disarmed" by trypsin treatment and
"rearmed" by exposure of these treated cells to either immune

serum or eluates from activatbted macrophages. Cybophilic antibody
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may play a role in resistance to Mycobacterium tuberculosis,
Listeria monocytogenes and Salmonella typhimurium (649; 890).

Another frequent operational term is enhancing antibody.

It was realised long time ago that the enhancement of growth of
allogeneic tumors is mediated by antibodies produced in response

to tumor antigens (463). Based on the fact that enhancement was
obtained with allogeneic tumor cells coated with antibodies in
vitro in the absence of circulating antibodies in the host (617),

it was logical to assume that enhancing antibodies act by masking
(covering up) tissue antigens and that they would not be cytotoxic,
i.e. would not fix complement (64). Further experiments revealed,
however, that immunological enhancement is a very complex phenomenon
and that it might be governed by multiple mechanisms, the effect of
humoral antibodies being dependent on the system in question.
Although most frequently IgG has been shown to be resgponsible for
enhancement. IgM despite it's complement fixing preoperties may also
enhance tumor growth in certain cases and inhibit it in other cases

(464). Another system affected by enhancing or blocking antibodies

appears to be autoimmunity. Thus, the course of many autoimmune
conditions does not correlate with the presence of humoral anti-
bodies, and it is worth noting that normal individuals may also

have autoantibodies. In addition a number of experimental autoimmune
conditions are self-limiting and they subside spontaneously if

treatment is ceased (21; 700; 785). This lack of correlation
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between auboantibodies and pathological changes strongly indicates
that antibodies are not always responsible for the pathogenesis,
However, if one assumed that at least some autoantibodies are able
to protect against autoimmune damage in a manner similarly to that
of graft or tumor enhancement the lack of correlation with pathological
changes is easily explainable. For example, it is well documented
that experimental allergic encephalomyelitis 1s transferable by
gsensitized lymphoid cells and that humoral antibodies are able to
interfere with the manifestation of the disease in the presence
of autoaggressive lymphocytes (21).

It is obvious that red blood cells are potentially one
of the most vulnerable targets for autoantibodies, since hemolysis
or even agglutination by antibodies would result in failure of the
circulatory system. Nevertheless, erythrocytes have been shown
to carry autoantibodies on thelr surface, which do not cause
complement-mediagted lysis and which are unable to agglutinate the
cells, hence, these immunoglobulins were designated as "incomplete"
antibodies. Previous exposure of erythrocytes to these antibodies
results in inhibition of clumping of the cells by agglutinating
antibodies and therefore, the antibodles in gquestion have been
also referred to as blocking antibodies. Coombs and associates
(193) demonstrated that an antiserum against human globulin would
induce agglubination of erythrocytes coated with the incomplete
antibody (Coombs test). ILater on incomplete antibodies were shown
to acquire agglutinating capacity after exposure to 2-mercaptoethanol

(a reducing agent which disrupts disulfide links), which indicates
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that incomplete antibodies are (at least) bivalent and that one of
the combining sites of these immunoglobulins is not functional
because of unique steric constraints of the molecule (700). "Warm"
acting erythrocyte antibodies are generally IgG ilmmunoglobulins,
some of which are nonagglutinating and presumably inefficient in
complement fixation (527). Warm acting erythrocyte autoantibodies
can be produced in normal healthy individuals without premature
erythrocyte destruction (139; 527; 700). Since the autoimmune
response to erythrocytes represented by hemolytic or agglutinating
antibodies, constitutes a circulatory disaster, which can be
prevented by blocking antibodies, it is not surprising on
teleological grounds that the latter antibodies are produced by
healthy individuals. Indeed, the characteristics of incomplete

antibodies are those of a ideal blocking antibodies which would

be expected not to agglutinate erythrocytes or fix complement,

but to cover up the antigenic determinants on the red cells on

a competitive basis. The fact that the presence of these antibodies

can be detected only by an antiglobulin test or by inhibition

(blocking) of the effects of other antibodies, would support the

view that similar antibodies with a blocking (or enhancing) function

might be present in other systems and more frequently than suspected.
The presence of an immunoglobulin, designated as ¥Yla,

was regularly demonstrated in dog sera hyperimmunized with bovine

serum albumin (BSA). This hyperimmune serum containing mainly v la

did not show distinct precipitation reaction and passive hemagglutination,
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but had the capacity to inhibit the precipitin and passive
hemagglutination reactions of a rabbit antiserum to BSA (313).
Nonprecipitating antibodies of the IgG class were also isolated
from rabbit antisera to ovalbumin. The F(ab')2 fragments of these
antibodies did also not precipitate with antigen, and it was
suggested that their non-precipitating property was due to a
particular configuration of the molecule that made it impossible
for one antibody to combine simultaneously with two different
molecules of antigen. These non-precipitating antibodies did not
fix complement, could not produce a reverse Arthus reaction but
were active in passive cutaneous analphylaxis (57). Non-precipitating
(blocking or incomplete) antibodies may also be found in other sera.
They are bivalent, and some of them will precipitate if complement
is added. Some of them have unusually low affinities, but in

other cases purified nonprecipitating antibodies of the G class
have been shown by equilibrium dialysis to be bivalent and of high
affinity. Antisera vary a good deal with respect to the fraction
of their total antibody that is nonprecipitable (224).

Pathological immunoglobulins are produced by spontaneously

proliferating antibody forming cells (benign, or malignant myelomas)
without apparent stimulation by antigen. They resemble the known
immunoglobulin classes, i.e. there are A, D, E, G and M (could be
monomer ) myeloma proteins, and even separate chains may be produced
("heavy chain disease"). Some myeloma patients excrete the light
immmoglobulin chains in the urine in high concentration. This
protein has unusual thermostability properties, i.e. it precipitates

on heating to 45 to 600, redissolves on boiling, and precipitates



again in cooling; it is called Bence Jones protein after the

physician who first studied it in the mid nineteenth century.

The myeloma protein produced by a particular patient is relatively
homogeneous and the view is held that they are produced by a

clone representing the progeny of one antibody forming cell.
Therefore, these proteins are termed monoclonal, while others
which are more heterogeneous may be termed as polyclonal (224;
669). Certain pathological immunoglobulins have antibody activity
and may have also abnormal physicochemical characteristics

(e.g. cold agglutinins). A condition called idiopathic mono-
clonal proliferabtion may be present for years, sometimes as long
as 13-17 years, before malignant myeloma develops (572; 669).

No attempt has been made to present a detalled review
of the physical chemistry of antigen-antibody reactions, since
this topic has been covered systematically in excellent textbooks
(224; 460; 461; 942). Suffice it to say, as already mentioned
that antibodies are bivalent or polyvalent and that noncovalent
forces are involved in antigen-antibody interactions and overall
magnitude of the cooperating combining forces being referred to as
affinity. Antibodies are normally heterogeneous with respect to
their affinity for the homologous antigen and this is increasing
during the course of Immunization.

C. Complement (C?)

The complement system is a group of 9 serum proteins

(C*1-C79) which can be activated by the Fc portion of complement

5120

fixing antibodies after reaction with antigen (729). The properties
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of some purified components isolated from human serum are summarized
in Table 21 and the sequence of reactions in immune hemolysis is
illustrated in Figure 31 (224). The overall reaction between C'
and red cells requires Ca,2+ and Ng2+ , and the rate of the
reaction is much greater at 57° than at 0°. These observations
suggest that at least some of the C' components are enzymes.
Activation of the various components involves a chaln reaction, the
activated components in the reaction being denoted by the letter
a (Figure 31). Many of the activated components (C14a, C'2a, C'3a)
become rapidly inactive ("i") in the serum, if not bound to the
antigen-antibody-complex. Following the reaction with C'8 and C'9
the red cell (referred to at this stage as E *), develops small
holes, each about 100 £ in diameter, and is finally lysed (224).
Some biological reactions, other than hemolysis are also mediated
by various C' complexes as follows: immune adherence; conglutination
and opsonization by M-A-C' la, 4, 2a, 3 (M = cell membrane, A = anti-
body); anaphylatoxin and C*! dependent histamine release by M-A-C?
la, 4, 2a, 3, 53 leucocyte chemotaxis by M-A-C' la, 4, 2a, 3, 5,
6, 7. Tt has been established that C'3 and C'S fragments are
generated during the reaction and function as chemotactic factors
for polymorphs and anaphylatoxins.  The active substance of
anaphylatoxin appears to be a polypeptide (224; 461).

Tn the absence of antigen, both IgM and IgG antibody
combine reversibly (weak interaction?) with the Cflg component

of complement, but the chain of events leading to the lytic action
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TABLE Zl o PROPERTIES OF SCME PURIFIED COMPLEMENT COMPONENTS
ISOLATED FROM HUMAN SERUM

Component C'lq C'ls C'4 c'2 Cc’3 Cc’s c'6
Synonyms 11§ component  C’1 esterase Bx-globulin — Bc-globulin - B, p-globulin -
Sedimentation
constant 118 43 108 6S 9.58 8.75 55
Concentration
' in serum 20-30 30-50 <10 300-400 3050 <10
Cpg/mld
Thermolebility

(56°, 30 min) -+ -+ 4] -+ o] -+ 0
Inactivated by . DFP NoH,, NEM p-CMB N,H,

DFP — diisopropylphosphofluoridate; NoHa = hydrazine; NEM = N-ethylmaleimide; p-CMB = p-chloro-
mercuribenzoate. :

From M. . Polley and H. ]. Méller-Eberhard. Chemistry and Mechanism of Action of Complement. In Progress
in Hematology, vol. 5. (E. Brown and C. V. Moore, eds.) Grune & Stratton, New York, 1966.

Fig.31. Sequence of reactions in immune hemolysis. E=sheep red cells. A=rabbit
antibodies to sheep red cells. EDTA=ethylenediaminetetraaceiate (Versene), a chelat-
ing agent used to remove Ca?*. Both EAC'1a,4,2a and EAC’4,2a are unstable and tend
{0 lose C’2a {reactions 5a and 5b).

U 2 (3 (4 (5b)

ll ' v ’3
E+ A = EA 2205 EACle &% EACTG 4 C2, EACq 4,20 S35 EAC'1q, 4, 20,3

24

Mg
(6} 1@5, 6,7
EDTA {5q) EDTA

C'2a EAC'1q, 4, 29,3,5,6,7
EAC'Y e EAC’4, 2
, {5b) ¥ ¢ 7) lc*s, 9
C’'2a
) EAC'1q, 4, 20,3,5,6,7,8,9
Davis,B.D., R.Dulbecco, H.N.Eisen, - w,l
H.S. Ginsberg, W.B.Wood:Microbiclogy,

Harper & Row 1969, p. 315, E*
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of €' are not activated (635). When immunoglobuling in the

absence of antigen are simply aggregated by heating, or by other
denaturing conditions, they fix C' in the same way as antibodies
that are aggregated by specific combination with multivalent
antigen. IgM antibodies tend to be more efficient in C! mediated
lysis than IgG. The reason for this is that the binding of a
single IgM molecule is able to activate The reaction while the
interaction of IgG with one determinant will not activate lysis.
The activation requires the linking together of two, and in some
cases four molesof IgG antibody so spaced (= 200 R) that Ctlg,

by interacting with two singly held Fc domains, undergoes a conform-
ational change which activates the chain of events leading to lysis
(443).

A disease called hereditary angioneurotic edems is due to

the congenital lack of C!'1l esterase inhibitor in the serum. There-

fore, this enzyme, generated through C! fixation, remains active

and causes edematous reactions (attacks) in various regions of the

body, which occagionally could be fatal., C'2 deficiency, when

only present to a low level (i.e. a few per cent of the normal

level), has no pathological consequences. Auboimmune glomerulonephritis,
serum sickness and perhaps rheumatoid fever are also mediated by

complement. A hemolytic disorder - paroxysmal nocturnal hemoglobinu-

ria - is probably due to an abnormalibty of the red cell surface
which is able to activate complement (recepbor) without the

participation of antibodies (300).



3186.

D. Surface immunoglobuling of lymphocytes

For a long time the view has been propounded that lympho-
cyte receptors for antigens would be similar, 1f not identical to
antibodies. Indeed, it was observed that rosette-formation by
lymphoild cells (binding of erythrocytes on the surface of lymphocytes )
of mice immunized with sheep red blood cells could be inhibited by
treétment of lymph node cells with antisera to murine p and vy
chains (587). Recently, it was shown that rabbit anti-mouse kappa
serum had selective cytotoxicity for B lymphocytes but not for T
cells (more than 95% of mouse immunoglobulins is keppa-type) implying
that there was at least a quantitative difference in the surface
immunoglobuling of the two cell types (603). Hemolytic plaque-
forming cells (PFC) of IgG type from mice had no demonétrable surface
1mmunoglobulin (plasma cell), but a proportion of IgM PFC were
'ﬁ% u+ . Virtually all rosette-~forming cells (RFC) had surface
immunoglobulin, more than 90% of them being inhibited by anti-« ,
50% by emti-p  and 10-30% by antisera to other heavy chains. No
immunoglobulin was demonstrable on thymocytes. Cells that had the
potential to initiate graft-versus-host reaction and were O-positive
and Ig-negative as revealed by C'-mediated cytotoxicity, thus,
it was concluded that T-cells may not carry immunoglobulin (865).

However, surface immunoglobulin light chains could be
demonstrated on thymocytes (14.4%) and thymus-derived thoracic duct
lymphocytes (37%) with radioiodinated antisera in mouse (54).
Approximately 20% of mouse spleen lymphocytes were found to carry

two major y-globulin classes y G (78y2a) and F (7841) on their
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surface and another 10% carried YF only, as detected by a
modified mixed agglutination (reverse immuno cytoadherence) test
(528). In cell populations of mouse lymph nodes 95% of the
mature lymphocytes possessed surface & and 1 determinants, as
revealed by electron microscopy. This finding was interpreted

as an indicabion that both T and B cells express IgM. Plasma
cells did not carry immunoglobulin on their surface. In the
thymus surface-associated immunoglobulin could not be detected

in the vast majority (98%) of the cells, but 2% positive cells
were found. T-lymphocytes may thus acquire immunoglobulin as

s surface constituent shortly before or after the cells leave

the thymus (379). Finally the ability of mouse spleen cells

to induce graft-versus-host (GVHR) disease could be suppressed

by treatment with univalent Fab and Fab'! fragments of rabbit
anti-mouse immunoglobulins, but not with the intact antibodies.
Antibody treated spleen cells elicited antibody response to rabbit
immunoglobulins in each case (754). This finding may be regarded .
as an indication of the functional importance of T-cell surface
immunoglobulins, which are initilators of GVHR.

Surface immunoglobulins have been also detected on
‘lymphocytes of other species (192; 689). Thus, purified suspensions
of human peripheral lymphocytes underwent transformation into blast
cells when incubated with anti-light chain serum (892). Human
bone marrow cells were also found to respond to anti-immunoglobulin
serum by blast formation (2). Surface immunoglobulins on peripheral

lymphocytes from normal individuals were easily detectable by
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immunofluorescence but were absent from lymphocytes of patients with
Burton type agammaglobulinemisa. Iymphocytes from these patients
responded to phytohemagglutinin, pokeweed mitogen, Concanavalin-A,
antilymphocyte serum PPD (purified protein derivative of
NWcobacteria) and allogeneic lymphocytes, showing a normal
transformation., Therefore, it was concluded that these patients
had a normal T lymphocyte function. It was suggested that
lymphocytes with membrane-bound immunoglobulin belong to the plasma
cell series, and are B lymphocytes (311).

Using immunofluorescence as a method for detection, 15%
of peripheral lymphocytes were found immunoglobulin positive in
normal adults, but 0-0.5% in cases of Burton-type agammaglobulinema.
In chronic lymphoid leukemia the percentage of immunoglobulin
positive lymphocytes may vary between 2 and 100. Cells of the
plasma cell series may or may not have membrane bound immunoglobulins.
Studies performed in rabbit have shown that all IgM-containing plasma
cells have also TgM bound on their membrane, whereas some of the
TgG-containing plasma cells, up to a maximum of 15%, have membrane
bound immunoglobuling. In the latter case, it could be shown that
the membrane-bound immunoglobulins are not IgG but IgM, an
observation which suggests the possibility that the same cells
shift from synthesis of IgM to synthesis of IgG (689).

Using radioactive iodine for labelling surface immunoglobulins,
an immunoglobulin with a molecular weight of 200,000 could be isolated
from human and murine thymocytes. The heavy chains in both cases

were of the @-type. On the assumption that all thymus lymphocytes
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were equivalent and that one atom of 1251 was incorporated per
TeM molecule detected, it was estimated that a minimum of 400
molecules were fixed per cell (567).

In summary, it may be concluded that both T and B
lymphocytes have immunoglobulins on their surface and that they
are present on T cells at best at a very low density being
detectable only by sensitive methods. IgM monomer (?) seems
to be present on T cells, which probably serve as recepbor sites.
Results regarding B cells are controversialand 1t remalns to be
seen what is the significance of immunoglobulins easily detectable
on their surface.

Cell-medigted immunity

A, The thymic lymphoid system and its function

As already mentioned, bursectomized chickens are not
able to form humoral antibodies. However, thelr ability to reject
homografts is virtually unimpaired (34; 632). Miller demonstrated
the essential role of the thymus in the development of various
parameters of the immune response in mice (600). Neonatal thymectomy
in birds and mammals results in lymphopenia, general suppression of
cell-mediated immune responses (e.g. skin graft rejection,
resistance to mycobacteria, fungi and viral infections) and also
in impaired antibody formation (197; 220; 601).

Similarly children with congenital thymic aplasia (DiGeorge's
syndrome ) fail to develop conbact sensitivity to dinitrofluorobenzene,
their allograft rejection capacity is greatly impaired, and they

do not have resistance to measles and other viral, fungal, and

bacterial infections including mycobacteria. However, they can
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produce humoral antibodies. A moderate deficiency of lymphocytes
is detected histologically in the deep cortical regions of their
lymph nodes and periarterial sheats of spleen, but their cortical
germinal center activity and plasma cells are normal. Such babies
survive for one year at the most (253; 314; 503; 639).

Thymectomized animals are also the victim of diverse
infections under conventional conditions ("runt disease"), but
survive well in a germ-free enviromnment (593; 945)., The congenitally
athymic nude mice have a retarded growth pattern, defects in
salivary glands and a tendency to die at an early age. They do
not reject grafts, their antibody response to sheep erythrocytes is
depressed, but normal to Brucella. Autoradlography, using l251—
labelled flagellin, hemocyanin, a co-polymer of Tyr. Glu. Ala. Iys
and DNP-BSA (dinitrophenyl-bovine serum albumin), revealed that
these mice were completely deficient of T cells, are not deficient
of antigen binding cells. It was suggested that the antigen binding
cell technique asroutinely performed with non-primed populations
of cells detects primarily, if not exclusively, B cells (248).
Spontaneous (background) rosettes in non-immunized animals, formed
by T cells can be inhibited in vitro by low and non cytotoxic
concentrations of antilymphocyte serum (ALS) in the presence of
complement, and by azathioprine. The inhibition of background
rosettes from bone marrow requires much higher concentrations of
either ALS or azathioprine. A deficiency of ALS-  and azathioprine-
sensitive spontaneous rosettes occurred in adult thymectomized mice
with or without x-irradiation; this effect of thymectomy takes |

5 days to develop (43).
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The thymus emits a population of T cells (O positive in
the mouse) which are mitotically relatively inactive and become
part of a pool of long lived lymphocytes localizing in the
paracortical area of the lymph nodes, periarterial lymphocyte
sheaths of the spleen (both birds and mammals) and interfollicular
tissue of the Peyer's patchess (thymus dependent areas) (220; 242;
601)f A large number of specific antigen binding cells (27-105/106
thymocytes ) were found in the thymus (614). However, in TIL-
positive mouse strains it could be shown that only TL-negative
thymocytes were immunocompetent and that they represented a
minor (13%) population (526). Hence, it was concludasd that immuno-
competence was probably acquired in the thymus before the release
of the T-cells. As detected by cytotoxicity test with anti-@ serum,
the mouse lymph node contains 70-80% and the spleen 30-50% T-cells.
The thymus contains 97-100% @-positive cells (718). Thymus derived
cells constitute the majority of the recirculating lymphocyte pool
(60-90%) detectable in the peripheral blood (220).

T-cells have not been shown to secrete antibody (601)
but they are able to mediate specific cytotoxic reactions (146;
147; 556) and produce soluble mediators of cellular immunity (217).
Tt was shown that phytohemasgglutinin (PHA) stimulates only T-cells
(359). On the other hand, cortisone which acts also on T-cells
does not abolish the ability of lymphocytes to induce GVHR (178;
179). Tt is interesting to note that when stimulated with PHA,

lymphocytes become cytotoxic (425).
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B. Manifestations of cell-mediated immunity

Robert Koch was the first to realize in 1880 that healthy
individuals reacted scarcely or not at all to the s.c. injection
of 0.1 ml of the boiled culture fluid of Mycobacterium tuberculosis
(01ld tuberculin), but 0.01 ml injected s.c. to a tuberculous patient
caused  a' severe general reaction assoclated with a rise in
temperature of 2° to 4°¢, starting 4-5 hours after injection and
lasting for 12-15 hours. The injection site also became red and pain-
ful. However, the "normal" human gave a similar reaction on injection
with a higher dose (0.25 ml) of the material and no reaction could
be detected in the normal guinea plg even on s.c, injection with
as much 2 ml of the culture fluid (499). This reaction was coined
as the "Koch-phenomenon" and was often confused with other forms
of "allergy", until 1942 when Iandsteiner and Chase pointed out that
the passive transfer of contact sensitivity can be achieved
successfully with lymphoid cells, but not with serum in the guinea
pig (513). In 1945, Chase demonstrated thattuberculin sensitivity
fell into the same category of immune reactions. Thus, viable
spleen or lymph node cells, or peritoneal exudate cells harvested
48 hours after i.p. injection of paraffin oil inbto sensitized donors
were able to transfer immunity (153). On the basis of these
fundamental observations, all immune conditions transferable by viable
lymphoid cells, but not with serum, to syngeneic recipients are

considered to be due to cell-mediated immunity, in contrast with

humoral immunity which is transferable with serum or with purified

antibodies. A great variety of thymus dependent antigens,
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inecluding viral, bacterial, fungal, protozoal and tissue antigens,
as well as simple chemicals (contact sensitivity) are able to
elicit cell-mediated immunity (897). As an example of the phylogeny
of cell-medigted immunity evolutionary trends in the rapidity of
allograft rejection in vertebrates are illustrated in Figure 32 (181).
In relation to cell-mediated Immunity induced by painting
of the ears of guinea pigs with 14C-DNFB (dinitrofluorobenzene), it
was shown that 72 hours after, 25% of the total radioactivity resided
in lymph nodes and was bound to 1lipid and protein components (677).
This finding supports the view that small lymphocytes become
stimulated in the periphery by passing through the site of antigen
application or deposition, where they pick up the antigen, and
migrate from there to the lymph nodes, where they f£ind the correct
milieu to transform into immunoblasts (580).
The characteristic cytological changes induced by antigens
which elicit cellular immunity are transformation of small lymphocytes

to large pyroninophilic cells in thymus dependent areas and mytosis

for the production of further small lymphocytes (356;601). The cells
localized in the draining lymph node of mice four days after the
application of a skin homograft were studied by electron microscopy.
Unlike plasma cells, these cells contained no rough endoplasmic
reticulum, although the cytoplasm was very rich in ribosomes and the
Golgi apparatus was well developed (87).

The behaviour of lymph nodes during a primary response
to various types of antigenic stimulation is shown schematically

in Figure 33 (897). The small lymphocytes generated in the thymus
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dependent areas of the primary lymphoid organs recirculate.
Upon deposition of the antigen in the skin, or in other tissue,
a local inflammatory reactlon occurs in "sensitized" animals,
which usually starts about 6 hours after the injection of the
vantigen and reaches a maximum between 24-48 hours. Because of
the latency of the onset of this manifestation this type of

immune response is known as delayed hypersensitivity, by contrast

with the rapid occurrence (within 30 minutes) of serum reagin
mediated inflammatory response, which is referred to as immediate

hypersensitivity (200; 897; 901). Delayed hypersensitivity is

frequently used as an alternative term for cell-mediated immunity.
However, throughout this thesis, the term delayed hypersensitivity
will be used to denote a sense of delayed inflammatory reaction to
antigenic challenge in vivo. Histologically, delayed hypersensitivity
skin reactions are characterized by a cellular infiltration which

is predominantly, bubt never exclusively composed of mononuclear cells
(1ymphocytes plus macrophages); polymorphonuclear leukocytbes participate
also in this reaction especially in the early stage ( 8 hours ).

The inflammatory reaction is qualitatively similar to nonspecific
inflammation and the participating mononuclear cells are blood

borne as revealed by autoradiography (828). If the antigen is
injected into the cornea, vascularization occurs first and positive
corneal reactions occur afterwards, indicating the important role

of blood vessels in the reaction (794; 901). Autoradiographic

studies on rats exhibiting cell-mediated immunity to Listeria
monocytogenes revealed that the protective small lymphocytes in

the lymph have a rapid turnover and a short lifespan in circulation.
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It was also shown that the committed cells were generated at the
site of bacterial implantation in the regional lymph nodes and.
that they entered the blood by way of efferent lymphatics and the
main lymphatic ducts, and participated in the inflammatory process
(591; 59%2).

Uhr and coworkers (900) described the induction of delayed
hypersensitivity in guinea pigs by means of antigen-antibody
complexes, precipitated in antibody excess (4:1), injected in
incomplete Freund's adjuvant. waéver, this type of dealyed
reaction did not fit into the category of classical delayed
hypersensitivity reactions because of its early appearance and
transient nature (721) and Nelson and Boyden proposed for it the

term, Jones-Mote reaction, after the two physicians who had

described similar reactions in patients injected intradermally
with heterologous sera. After a great deal of debate it was shown
that there was histologically qualitative difference between this
reaction and the classical type of delayed reaction, inasmuch as
the Jones-Mote reaction was due predominantly to basophilic
leukocytes, the lymphocyte was also an important contributor to
the reaction, but not the macrophage. (There was no evidence for
histamine release). Consequently, recently the term "cutaneous

basophil hypersensitivity" (CBH) was proposed to distinguish this

reaction from delayed hypersensitivity (244; 751; 752).
Delayed reactions elicited in animals sensitized with
protein antigens in complete Freund's adjuvant included also the

participation of basophils when tested early after sensitization;
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however, at later intervals this component became less prominent.
Delayed lesions of contact sensitivity to DNFB and DNCB similarly
contained a prominent basophil component that was not diminished
when testing was dealyed for several weeks following sensitization,
CBH was passively transferred with lymph node cells but not with
serum (247). Inhibition of macrophage migration is not present

in CBH (63). Further studies revealed that basophils participate
in skin allograft rejection in guinea pigs (243) and in delayed
reaction to vaccinia virus (245). Intravenously administered oval-
bumin in doses which induce tolerance for classical delayed
hypersensitivity and antibody formation actually stimulated CBH
and PCA antibody production. Similar immunogenic-tolerogenic require-
ments and the prime role played by the basophil suggested a
developmental or funcational relationship between CBH and PCA
antibody response (750).

In patients with allergic contact dermatitis to a
variety of allergens, the microscopic findings in 3-day biopsies
differed significantly from the classical descriptions of tuberculin
hypersensitivity and showed, in addition to mononuclear cells and
the characteristic epidermal changes of contact dermatitis, a
substantial infiltration of basophilic leukocytes and evidence
of vascular permeability with vascular compaction, dermal edema,
and fibrin deposition. Serial biopsies from one individual showed
that the initial lesion consisted of perivascular accumulation of
lymphocytes, this was followed by an influx of basophils and,

subsequently, of eosinophils (246).



329.

From all these investigations it is clear that basophilic
polymorphonuclear cells are regular participants in practically
all types of cell-mediated immune reactions. Tt remains to be
seen what is their function, and whether this participation is
mediated by homocytotropic antibody and/or some mediators of
cellular immunity or some other, so far unknown mechanism is
involved. In this context it is of interest, that mast cells,
which are very similar, if not identical, to that of basophils
were shown to proliferate after antigenic stimulation in adult
rats (604).

When a sufficient amount of antigen enters the circulation
of a delayed hypersensitive individual, fever and lymphopenia
occur. In the guinea pig and rabbit, fever begins at 1-2 hr after
administration of antigen, reaches a peak by 6 hr, and ends by
6-10 hr. In man, maximum fever may not occur until 8 hr, with
slow subsidesnce over the following 24 hr. Antibody does not

appear to play any role in this systemic delayed hypersensitivity

reaction. The fever was shown to be associagbed with a circulating
endogenous pyrogen in rabbits. If the dose of systemically administered
tuberculin is increased beyond that required to obtain maximal

fever, then a syndrome referred to asg tuberculin shock may occur.

In this case, after a minimal rise in temperature, there is a
progressive hypothermia beginning at 2-3 hr. Ioss of appetite,

muscular weakness, hyperventillation, decreased blood pressure,
intermittent convulsions, loss of consciousness and death nay

follow 4-30 hr after the tuberculin injection. Pathological changes
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are: swelling, edema, and occasionally hemorrhages of lymph nodes
and thymus; congestion and minute punctuate hemorrhages of the
viscera; and hemorrhage at the sites of previous skin tests or
recent trauma. Histologically, the viscera show infiltration with
mononuclear cells, the lung contains an extensive cellular
infiltrate of polymorphonuclear and mononuclear cells, and the
liver has large areas of necrosis. There is a striking diminution
in the number and volume of splenic follicles. The tuberculin-
sensitive human shows a similar type of systemic reaction. The
relative systemic reactivity to tuberculin of mouse, guinea pig and
man is 1:10:100, respectively, on the basis of the dose requirement
per unit body weight. There is considsrable evidence that
susceptibility to shock is not well correlated with skin
sensitivity (200; 901).

In general cell-mediated immune reactions occur earlier
at a weaker antigenic stimulus, and are then followed by a humoral
response in most cases. Injection of small antigen doses
intradermally or s.c. in complete Freund's adjuvant favours the
induction of cell-mediated immunity (74; 901). If guinea pigs are
sensitized with a sufficiently small amount of protein antigen to sti-
mulate  delayed response but without antibody formation, the
animals are "primed" to develop a secondary antibody response when
next exposed to the antigen despite the fact that they had never a
manifested primary immune response (784). Because requirements are
somewhat different for the induction of humoral and cellular
immunity, the system can be manipulated. Large dose of protein

antigen (10 mg bovine gamma globulin) given i.v. or s.c. to guinea
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pigs resulted in the loss of delayed hypersensitivity and in the

suppression of TgGs antibody formation, without any effect on

IsGy formation, This phenomenon was termed immune deviation (32).

Man's reaction to mosquito bites (Aedes aegypti, Anopheles
maculipennis atroparvus) may be regarded as a common example of
the deose and time relstionship of immunological reactivity. The
usual pattern of sensitivity on continued exposure was established
to consist of about 5 phases: no reaction -~ delayed reactivity -
immediate and delayed reactivity - immediate reactivity alone -
no reactivity. It was suggested that, as circulating antibodies
appear, delayed reactivity gradually disappears and finally the
subject may become completely desensitized. The sensitization
was immunologically specific depending on the strain of mosquito
used (582).

Most germ-free guinea pigs could not be sensitized with
picryl chloride in contrast tc conventional animals. When injected
with a fully antigenic substance, such as bovine gamma globulin
(BGG), none of the germ-free animals acquired BGG-specific
delayed hypersensitivity. Complete Freund's adjuvant did not develop
the characteristic induration or erythema normally seen at injection
sites. Cerm-free guinea pigs given competent lymphoid cellis from
highly sensitized conventional animals were unable to translate
adoptive cell-mediated immunity into dermal reactions (536). These
data emphasize again the role of envirommental antigens in the

development of normal immunological reactivity.
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As discussed in the section dealing with antigens, the
actual immunogenic capacity of antigens is necessary for the
induction of the immune response, which involves the stimulation
of immunocytes (T and B lymphocytes), while haptens are not able
to do so by themselves. It follows that immunogens but not haptens

will be able to elicit cell-mediated immune reactions as well

(the "carrier specificity” of delayed hypersensitivity), since
this reaction involves again the stimvlation of sensitive T-cells,
A few exceptional examples of antigens have already been discussed.

C. Cytotoxic effect of lymphoid cells

The local lesions discussed above represent an effector
mechanism which appears to have a counterpart in some of the
experimental and human auboimmunities, in various allograft reactions,
in some form of tumor rejection and in immunity to a variety of
microbes. During recent years, a number of in vitro models have
been esgtablished in order to investigabte the mechanism of tissue
damaging reactions due to cell-mediated immunity. It has been
shown that lymphoid cells from sensitized donors will destroy
tissue culture cells carrying the antigen to which the cell donor
is sensitized. The cells which are destroyed upon addition of

lymphoid cells are called target cells or targets, the cells which

achieve this effect are called effector cells. The term sensitized

cell or sensitized lymphocyte designate the antigen reactive

lymphocytes with antibody-like receptors believed to be produced

by the committed cell which carry them.



A variety of methods have been uged for the investigation
of cytotoxic cells. A common feature of these methods is that
target cell damage is evaluated after a certain period of exposure
to lymphoid cells either qualitatively, e.g. plague formation
on a menolayer or quantitatively by cell counting, inhibition of
colony formation, isotope release from labelled target cells
(5lCr is used most frequently) or by inhibition of isotope
incorporation. A critical evaluation of these methods is given
in a recent review by Perlmann and Holm (686).

Two steps may be recognized in cytotoxic reactions
mediated by lymphoid cells. The immunological specificity resides
in the first step in which contact between effector cells and
target cells is established presumably by the specific antibody-

like recepbors. The second step involves the lytic reaction,

which is exhibited by viable and metabolically active effector
cells only. Although cytotoxic factors may bereleased in this
cell to cell interaction, most of the evidence suggest that cell
to cell contact is a principal requirement for the lytic step.
Phagocytosis does not seem to play a major role. When macrophages,
polymorphonuclear leuvkocytes, and antibody-secreting cells are
present, target cell destruction may occur along a number of
different pathways (686).

At least one form of cytotoxicity, which is regarded as
one of the most important factors of cell-medisted immunity is

exhbited by T-lymphocytes. When irradiated (800r) DBA/2 mice were

reconstituted with 50x106 thymus or bone marrow cellg i.v. from

333,
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A, C3H or 057Bl/6 donors, and the cytotoxicity of pooled spleen
cells was measured 5 days later against 51Cr—labelled mastocytoma
grown in DBA/B, thymus cell recipients showed significantly higher
cytotoxic activity (146). Furthermore, anti-0 serum eliminated
cybotoxic cells to sheep erythrocytes from sensitized spleen
populations, but plague forming cells were unaffected (147).
Cytotoxic cells obtained from mice immunized with skin allografts
were also shown to be © bearing cells (556). Exogenous complement
is not required for cytotoxic activity (682; 686), Experiments
with highly purified T cell populations indicated that only thymus
derived cells were involved in the killing of target cells by
allogeneic immune cells in vitro, which had specific receptors for
the target (351).

If allogeneilc lymphocytes are mixed and cultured together
for 5-7 days, a greatly increased blast formation and DNA synthesis
occurs in comparison to non-mixed or syngeneic cultures. This

phenomenon is known as the mixed lymphocyte reaction which is

regarded as an in vitro correlate of cell-mediated (allograft)
immunity (551). It was recently observed that mixed lymphocyte
cultures produce effector cells capable of cytotoxicity (391; 421;
823). Effector cells generated in mixed lymphocyte cultures induced
second set skin graft rejection and severe graft-versus-host reaction
in rats (GVHR) (266; 354). Another way to induce cell-mediated
immunity in vitro is by culturing lymphoid cells with allogeneic

or xenogeneic non-lymphoid target cells (44; 338)., The lytic

potency of rat lymphocytes sensitized against mouse cells in vitro
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was 5-10 times greater than those sensitized in vivo as measured

by 51

Cr-release. Rat lymphoid cells sensitized in vitro to mouse
cells were also able to distinguish strain-specific and species-
gspecific target cells, whereas lymphocytes from rats sensitized

in vivo to mouse were unable to distinguish murine

transplantation antigens during the lysis of mouse target cells in
vitro. While normal rat lymphoid cells were unable to induce

a significant GVHR in newborn mice, rat lymphocytes presensitized
to mouse antigens in vitro gave strong GVHR in newborn mice similar
to the reaction caused by injection of rat (antimouse) cells
presensitized in vivo. On the other hand, lymphocytes from normal
rat or from rabts sensitized in vivo to murine cells, or in vitro
to alloantigens were unable to cause an accelerated rejection of
mouse skin grafts on rats, whereas the same mumber of (antimouse)
lymphoid cells sensitized in vitro significantly accelerated
rejection of these grafts. It was suggested that the xenograft
reaction induced in vitro is an Immunoclogical phenomenon and

that it may be more intense than the heterograft reaction induced
in vivo (79). "Autosensitization" of rat and mouse lymphoid cells
was also achieved under identical culture conditions. Moreover,
the addition of small amount of glucocorticoids (l}lg/ml prednisolone)
to the medium, increased the degree of sensitization. Both mouse
and rat lymphoid cells "autosensitized" in vitro induced GVHR in
syngeneic newborn animals. Furthermore "autosensitized" rat, but
not mouse, lymphoid cells were able to produce immunospecific lysis

of syngeneic target fibroblasts in vitro (175; 176).



As already mentioned the first step in the cell-mediated
immune cytotoxic reaction involves the specific interaction of
antigens by the sensitive lymphoid cells with the aid of surface
receptors. As would be expected, there is strong experimental
evidence, indicabting that in an immunocompetent lymphocyte
population, there exist numerous sub-populations (clones) sensitive
to different antigens. If a particular sub-population is killed
by toxic nucleotide analogs during in vitro stimulation (7823
970; 971) or adsorbed out by target cell monolayers (167;

558), the remaining cells are not able to respond when stimulated
with identical antigens, but the response is virtually unaffected
if unrelated antigens are used for stimulation. There 1s no
evidence, however, that the antibody-like receptors of the
recognition step also participate in the subsequent lytic reaction
which probably lacks specificity in an immunoclogical sense (686).
Spleen cells or blood lymphocytes from guinea pigs immunized with
Tubercle bacilli lysed PPD coated chicken erythrocytes, il.e. after
24 hr. of incubation 5lCr-release from PPD coated cells was 2-4
times higher than the background release from non-coated cells.

On other hand, antimycin A, an inbitor of respiration, inhibited

the cytotoxic reaction (688). Splenic lymphocytes of guinea pigs,
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which had been sensitized with DNP-human gamma globulin (HGG) caused

(carrier) specific lysis of P815 mastocytoma cells of DBA mice
when the latter were coated with DNP-HGG. Covalently coupled to
erythocytes with the aid of l-ethyl-3-(3-dimethylaminopropyl)

carbodiimide-HC1 (409; 410).



In the presence of specific antigen, lymph node cells
from inbred rats with cell-mediated immunity to tuberculoprotein,
bovine serum albumin and egg albumin produced progressive
destruction of monolayers of rat embryo fibroblasts in tissue
culture, which was apparent at 48 hours and maximal at 72 hours.
The effect was specific for the sensitizing antigen and did not
depend on the genetic difference between lymph node cells and
target cells (769). Damage of rat embryo fibroblasts in these
experiménts was shown to be closely correlated with delayed skin
reactions in the animals from which the lymph node cells were
taken, but not with Arthus reactivity. In animals sensitized
with pileryl conjugates of ovalbumin or of human serum albumin,
skin reactivity and the in vitro cytotoxic effect could be
elicited only with the homolgous conjugate or the protein carrier
alone but not with picryl conjugsbes of heterologous proteins
(770). Essentially similar results were obtained in the author's
laboratory. Iymph node cells from guinea pigs sensitized to a
state of delayed hypersensitivity to mouse or rabblt globulins

induced lysis of mouse sarcoma I cells, when these cells were

coated with the corresponding globuling in the form of anti-sarcoma

T antibodies. Similar lysis of target cells was induced by immune

lymphoid cells pretreated with the sensitizing antigen, or in the

presence of free antigen in the medium containing immune and target

cells. The cybotoxic effect was immumologically Specifié with

337.

respect to the antigens used for induction of delayed hypersensitivity

but was nongpecific with respect to the target cells. No soluble

cytotoxic mediators were detected (808).
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Nonspecific cytotoxicity was also observed with mouse
and human lymphoid cells sensitized in mixed lymphocyte culture
(421; 823) as well as with rat lymphoid cells sensitized to rat or
mouse fibroblasts in tissue culture (173). Although it is noteworthy
that the mechanism of in vivo reactions is very complex and scarcely
clear cub, there is some indication for the occurrence of non-
specific cytotoxicity in vivo. Thus (lewis x BN)Fi hybrid rats
normally do not reject Ilewis kidney, but they do so if Iewis rat
spleen cells are inoculated under the capsule of a freshly grafted
Tewis kidney. It would, therefore, seem that the donor lymphoid
cells can be immunologically stimulated by circulating host
leukocytes and the interaction of these two céll populations
results in nonspecific damage to kidney parenchyma (263). Skin
grafts from rats were transplanted to isogeneic, allogeneic,
xenogeneic or specifically sensitized allogenelc recipients, and
after 24-48 hours were retransplanted to the original donor.
Whereas 92% of iso-autografts were accepted, allo-aubtografts
and xeno-autograftswere accepted in only 45% and 36% respectively
(109). These results, taken in conjunction with the findings of
the previous experiment (283), suggest that rejection of the allo-
autografts or xeno-autografts could be due to a local reaction
between lymphoid cells of the donor of the graft and allogeneic
and xenogeneic lymphocytes, which had infiltrated the graft
("passenger leukocytes"). Thus these studies provide strong evidence
that target cells can be destroyed by an "indirect" cell-mediated

mechanism involving effector cells activated by an immunologically
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specific reaction to antigens other than those of the target cells.
Another form of target cell destruction may be designated

as antibody dependent lymphoid-cell mediated cytotoxicity. Certain

antibodies are capable of inducing this reaction at very high
dilutions and with highly purified lymphocytes as effector cells
from normal donors. The reaction resembles that of direct
cytotoxicity of lymphoid cells from sensitized donors. Antibodies
possessing this capacity may occur in xeno-, allo-, and autoimmune
situations. Cytotoxicity does not require differences in
histocompatibility between lymphoid cells and target cells. The
reaction is most easily induced by antibody bound to antigen on
the surface of the target cells which are destroyed. The lytic
reaction requires contact between effector cells and the antibody-
target cell complex, and the lytic process is energy-dependent.
Iymphocytes from Campbell ducks tolerant to Peking duck
target cells became cytotoxic if heat inactivated antisera from
Campbell ducks was added; a good correlation was found between
the ability of these antisera to induce lymphoid cell-mediated
cytotoxicity in vitro and their graft rejecting capacity in vive
(117). The capacity of lymphoid cells from non-sensitized mice to
lyse antibody-coated target erythrocytes in vitro did not require
the presence of thymus-derived or thymus-dependent lymphocytes.
However, prior treatment of spleen cell populations with antibody
to kappa chains diminished this function, suggesting a role for

bone marrow-derived lymphocytes (106). It was also shown that
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spleen cells from thymectomized and x-~irradiated adult rats were
fully competent to destroy xenogeneic target cells (Chang liver
of human origin) in the presence of rat antibodies to Chang cells.
Therefore cytotoxic cells in this system could function in the
absence of thymic influence; however for the production of specific
antibody T cells must participate (384).

Although in the systems reviewed above no direct proof

for the involvement of C! components was adduced, target cell bound

complement may also trigger lymphocytes for cytotoxicity. Thus,
for example 51Cr-labelled chicken erythrocytes treated with rabbit
anti-Forssman antibody and the first sseven components of human
Ct released the isotope upon exposure to purified human lymphocytes.
Iysis of target cells was suppressed by treatment with antimycin A.
Monocyte enriched leukocyte preparations lysed antibody coated
targét cells if the first 3 or the first 7 components of C' were
added to the system (687) and it may be visualized that the lytic
factor in the form of C'8 may be provided by the effector cell (686).
In the mouse © bearing lymphocytes were shown to be distinet from
lymphocytes possessing receptor for complement (84).

From this survey, it follows that B cells are involved
in both the antibody dependent and the target cell bound complement
induced cytotoxicity. These reactions may represent important
alternative pathways of cell-mediated target cell destruction, the
biological significance of which is incompletely understood at the

present time.
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Finally, the nonspecific cytotoxicity of lymphoid cells
activated by phytohemagglutinin (PHA) or other stimulants is
alsc a well established phenomenon. Common for all models is the
requirement of metabolically active effector cells, susceptible to
stimulation. Cytotoxicity is an energy -requiring process. Blast
transformation and DNA synthesls per se are not required for
cytotoxicity. There is no relationship in immunological
specificity between stimulating agents and antigens of the target
cells; therefore, cytotoxicity is nonspecific. Autologous,
gsyngeneic and allogeneic target cells may be affected. Direct
contact between effector cells and target cells is not needed for
activation of the lymphoid cells. However, contact seems to be
necessary for target cell destruction at least during early
phases of interaction. Mechanisms for target cell destruction
by immune cells are also applicable to this model (425; 686).

D. Medistors of cellular immunity

In addition to their cytotoxicity, sensitized lymphocytes
when stimulated by specific antigen or by appropriate mitogens
produce a variety of soluble substances that have different biological
activities depending on the method of assay (217; 218; 5243 760).
These substances may be classified into two major groups. The
first group represents substances which act on other leukocytes,
amplifying thus the effect of the initial cytotoxic reaction and leading
to an inflammatory reaction; this function of sensitive lymphocytes
may be more important than their capacity to exert direct cytoxicity
on target cells. The second group of mediators is considered to
act directly on target cells and to inhibit their proliferation

or destroy them.
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So far only a few mediators have been isolated in a pure form and,
therefore, it is conceivable that a single substance may have more
than one biological activity or that more than one kind of
biologically active molecule may be involved in eliciting a
particular biological response. The classification presented
here is based on bioclogical effects and should not be regarded as
a classification of various mediator substances.

(i) Chemotactic and other amplifying mediators

(a) Migration inhibitory factor (MIF)

MIF is produced within the first 24 hours of culture by
sensitive lymphocytes in the presence of antigen. It inhibits
the migration of normal peritoneal macrophages. Ibs production
is inhibited by inhibitors of protein synthesis. MIF is heat stable
at 60°C for 30 minutes and is nondialyzable (216). TIts activity
is associsted with an acidic a -glycoprotein with a molecular
weight of 40,000 which migrates on acrylamide gels in the prealbumin
region. Chymotrypsin and neuraminidase destroys its biological
activity; the latter enzyme is knownto degrade sialic acid. The
factor(s) responsible for MIF activity could be clearly separated
from the factor(s) endowed with leukotactic activity (741; 742).
A MIF-like substance produced in mixed culture of guinea pig
lymphocytes (Strain 2 and Strain 13) caused delayed skin reactions
in guinea pigs when injected intradermally in a concentrated form
(61). MIF activity can be detected in supernatants of established

human lymphoid cell lines (341; 358).



The detection of MIF by macrophage migration test is
regarded as one of the most reliable in vitro correlates of cell-
mediated immunity (548). It has been suggested that MIF has
"ecarrier" specificity (511).

(b) Chemotactic factor for macrophages

This is a nondialyzable, heat stable material, which has
been shown by sedimentation in a sucrose density gradient, to be
present in fractions with a broad spectrum of sedimentation
coefficients extending from less than 4.58 to 78. The fraction
with chemotactic activity can be regularly separated from MIF by
discontinuous electrophoresis on acrylamide gels. In contrast to
the relative speciles-—specificity of MIF the chemotactic factor is
not species specific, and it appears to be resistant to treatment
with neuraminidase (217; 741; 742; 924).

(¢c) Chemotactic factor for neutrophils

A guinea pig chemotactic factor for neutrophils is also
present in the medium of antigen stimulated lymphocyte cultures.
This factor appears to be distinet from the macrophage chemotactic
factor. On centrifugation in sucrose density gradients it resides
in a slightly lighter fraction than the former factor on
electrophoresis in acrylamide gels at pH 9.1 it remains at the
original point of application (217; 924).

(d) Chemotactic factor for eosinophils

Supernatants of cultures of lymphocytes from delayed

hypersensitive guinea plgs in presence of the specific antigen

343.
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react with immune complexes in vitro to generate a factor which

is chemotactic for eosinophils. This factor appears to be unique,
since previously described chemotactic factors for other cell types
require for their generation either immune complexes or substances
released into lymphocyte cultures, but not both. TIn this case, the
interaction between the substance elaborated by the lymphocyte and
the immune complex appears to be antigen-specific, inasmuch as the
immune complex must contain the same antigen as that used to activate
the lymphocyte cultures. Although this factor was generated in

an in vitro system, 1t has been shown to possess in vivo as well

as in vitro activity (183).

(e) Chemotactic factor for lymphocytes

Iymph node cells of guinea pigs sensitized to O-chloro-
benzyl-bovine y -globulin conjugates were found to elaborate upon
exposure to the specific antigen factor(s) chemotactic for
neutrophils, and mononuclear cells including rat lymphocytes.

This is the only product discovered so far to be chemotactic for
lymphocytes. Iymphocytes did not respond to agents that were
highly attractive for eosinophils and mononuclears, e.g. to E. coll
culture fluid or chemoattractants of the complement system (924).

(f) Mitogenic (blastogenic) factor

A soluble mediator was discovered in human mixed lymphocyte
cultures (MIC), which was involved in the transformation of

lymphocytes (564). At least two types of stimulating activity could
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be detected in human MIC, i.e. a specific blastogenic factor
(histocompatibility antigen) and a nonspecific stimulatory factor
("potentiating factor™) (471; 471). The fraction possessing this
mitogenic action isolated from guinea pig lymphocytes had a
sedimentation coefficient of 48, was not precipitated by 50%
(NH4)ZSO4 and its electrophoretic mobility in acrylamide gel was that
of albumin (952). This factor was inactivated by trypsin, but

was resistant to treatment with DNAase or RNAase. It was also
released form lymphoid cells by PHA stimulation and the suggestion
was made that it was a nonspecific recruiting agent (41).

(g) Autosensitizing factor

Purified human peripheral blood lymphocytes release a
factor in mixed cultures, or when exposed to concanavalin-A, which
induces increased DNA synthesis of fresh autologous lymphocytes
or of lymphocytes from genetically similar donors (siblings). The
maximum mitogenic effect occurs after 3 days exposure and it is
increased by the dose of the factor. An inhibitor for this
autostimulating factor appears to be present in fresh autologous
serum. This factor differs from all the mitogenic factors previously
described inasmuch as it acts only on lymphocytes, which are
histocompatible with cells from which the factor was released. In
the one-way MIC reaction only one kind, in two way MIC two kinds of
autostimulating factor can be detected. Such a substance cannot be
an antigen (708).

(h) Transfer factor

Extracts of leukocytes from patients with delayed hyper-

sensitivity to microbial extracts are as effective in the adoptive
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transfer of delayed sensitivity as viable cells; the factor
involved is called transfer factor. This activity of leukocyte
extracts is not abolished by endogenously liberated nucleases
and lysosomal hydrolases, or by the addition of exogenous DNA-
ase, RNAase, or DNAase plus trypsin. It does not fumction as
antigen or superantigen, on repeated injections into rabbits or
man. The factor is dialysable having a molecular weight of less
than 10,000 and a polypeptide/polynucleotide composition. The
transfer factor is inactivated by heating at 56°C for 30 minutes,
but its activity is preserved on lyophilization (525).

Incubation of sensitive blood leukocytes for less than
30 minutes with specific antigen (e.g. PPD = purified protein
derivative of Mycobacterium.tuberulosis) results in desensitization
of the cells and in the liberation of the preformed transfer
factor into the cell-free supernatant. Although, true transfer
factor does not cause any discernible effects on nonsensitive
lymphocytes in culture, as measured by thymidine uptake or auto-
radiography, it converts these cells to an antigen-sensitive state,
as revealed by the transformation of such lymphocytes to lymphoblasts
and by the release of MIF after, but not before,the addition of the
appropriate antigen (674). Similarly, administration of the
transfer factor to negative recipients in vivo, in addition to
initiating specific delayed cutaneous reactivity,‘confers on the
recipient's lymphocytes the capacity to respond to the appropriate

antigen with transformation and clonal proliferation in vitro (525).
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The tuberculin transfer factor from human leucocytes was shown to
convert to nonsensitive mouse spleen lymphocytes in vitro to a
specific antigen-responsive state detected by transformation and
thymidine uptake in the presence of tuberculin (7).

Recently a transfer factor has been igsolated from lymphoid
cells of guinea pigs sensitised to DNCB, The lymph node and oil in-
duced peritoneal exudate cells were collected 14 days after
sensitization to DNCB and incubated for 4 hours in Hanks scolution
at 5700 without addition of antigen. The transfer factor released
into the incubation fluid, was dialysed and concentrated by
lyophilization. On i.p. injection, this factor conferred contact
sensitivity on normal guinea pigs, which was detectable 48 hours

after administration; some recipients displayed contact sensitivity

even 3 - 6 months after transfer. The molecular weight of this
factor was estimated to be 1-2,000 and the nmaterial had a poly-
peptide-polynucleotide composition. It was not retained on

passage through a DNP-specific immunosorbent column. On the

basis of the extended duration of the adoptive sensitivity, the

small molecular weight and its polypeptide-polynucleotide composition,
this transfer factor was considered to function as a derepressor
molecule (123).

(i) Skin reactive (inflammatory) factor

Peritoneal exudate cells sensitized to PPD release a factor
on exposure to the specific antigen in vitro, which is able to

induce a local reaction analogous to delayed hypersensitivity
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skin reactions at the site of intradermal injection to normal
guinea pigs. Erythema and induration occurs with a peak
between 3 and 6 hours after injection. Histologically the lesion
is characterized by infiltration of polymorphonuclear cells and a
smaller number of moncnuclear cells. Production of this agent in
culture is depressed by actinomycin and inhibited by puromycin
(6923 898). DNormal guinea pig lymphocytes exposed to PHA in
vitro release an inflammatory material similar to the skin
reacting factor (693). Pharmacological studies disclosed that
certain plasma fractions had an enhancing effect on the action
of skin reacting factor, and certaln inhibitors of the kinins and
of the coagulation system had a depressing effect on its activity.
The substance with a suggested molecular weight of 39,000 could not
be identified with any of the known mediators of inflammation (563).
(j) Interferon

Inferferons from various sources consist of small proteins
unusually stable at low pH, and fairly resistant to heat. They
are produced by cells infected by almost any virus (either DNA
or RNA) or exposed to certain chemicals (interferon inducers).
Interferons are not virus-specific, but species specific, e.g. chick
interferon M,W, 38,000; mouse and human interferon M.W. 26,000,
Interferons are able to inhibit viral multiplication in uninfected
cells of the species of origin by interferring in the combination
of viral messenger RNA with cellular ribosomes to form functional

polysomes, on which the viral proteins are normally synthesized.
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Thus, the proteins required for the replication of the viral nucleic
acid are not synthesized and the viral nucleic acid is not replicated
(224). As recently discovered, interferons are also produced during
various in vitro cell-mediated immune reactions (92) including the
mixed lymphocyte reaction (333), and also large quantities appear

in supernatants of continuous lymphoid cell lines (341). Further-
more mouse interferon preparations enhanced the specific cytotoxic
action of sensitized lymphocytes on allogeneic tumor cells. The
factor responsible for the enhancement could not be dissociated

from the antiviral activity of interferon by standard physicochemical
means. Thus, in addition to its well known antiviral activity, and
its effect on cell division, interferon also appears to enhance a
specialized cellular function. It was suggested that a common
mechanism of action underlies these seemingly different biologic
phenomena, and that interferon may play a role in the regulation

of fundamental cellular processes (549).

(ii) Effector mediabors acting on target cells

(a) Cytotoxic factors (lymphotoxins)

Destruction of target L cells by either immune or PHA-
stimulated normal mouse lymphocytes was shown not to be the direct
result of the sole interaction of agressor and target cells, but to
consist of two steps one involving lymphocyte activation on contact
with the targets and the second the release from these lymphocytes
of a soluble nonspecific cell-toxin designated as lymphotoxin (ur).

Iymphoid cells from a variety of animal species i.e., mouse, rat,
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rabbit, human could be activated with PHA to release LT in vitro

in the absence of target cells. Production of LT was reported

also by established human lymphocytic cell lines (358). Only
viable, metabolically active cells of lymphoid origin could be
stimulated in vitro to release LT. Neonatal or adult murine thymic
lymphocytes or small lymphocytes obtained from patients with chronic
lymphocytic leukemia or Hodgkin's disease did not release LT.
Interference with protein synthesis or with the general cellular
mebabolism blocks IT release. By contrast blocking of RNA or DNA
biosynthesis reduced but did not stop its release (357; 690). Some
properties of human murine (497) and cavian LT (217) are summarized
in Table 22. It is clear from this table that the LT of each of
this three species is different, except for the fact that all
three factors are proteins., Human and murine lymphotoxing were
claimed to affect a great variety of cell types from various
species (357; 943), but L cells seem to be most suitable for assay
(504). Cell destruction by LT is nonspecific, the sensitivity

of the target cells and rate of damage is concentration dependent,
it does not seem to bind or enter the target cell and various
polyanions can compete with it for membrane sites (943).

Highly purified lymph node and spleen lymphocytes and lung
macrophages from tuberculin sensitive guinea pigs released factors
cytotoxic for L cells when cultured with PPD for 24 hours.
Sensitized lymphocytes released LT only upon exposure to the specific
antigen. In contrast, purified macrophages from both normal and

sensitive animals cultured with PPD released a factor(s) which was



Table 22.

Some characteristics of lymphotoxins.

Human

Murine

Cavian

Molecular weight

Buovant density in CsCl 925
| Heat sensitivity

Stable at pH

Electrophoretic mobility

DNAase
RNAase
Trypsin (chymotrypsin)

Neuraminidase

80~85,000

1.33 (protein) 1.33 (protein)

85°¢c, 15 min.,
5~ 8

slow B= or
fast y=globulin

stable
stable

stable

85-95,000

100°¢c
2 - 12

albumin

stable
stable

stable

25-50,000
1.34 (protein)

60°C, 30 min.

albumin

stable

stable

*16¢
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cytotoxic for L cell. Macrophage and lymphocyte cytotoxins

could not be distinguished by gel filtration, antibody neubralization,
heat sensitivity, toxicity, or by inhibition of macrophage migration
and the capacity to elicit skin reaction (394).

Tt ought to be pointed out that there is no general agree-
ment on the mechanism underlying the release of cytotoxic factors
from sensitized lymphocytes on interaction with the specific antigen.
Tn most cases cell-to-cell contact seems to be essential for target
cell lysis, and no free soluble toxic factors can be detscted in the
system (686). Tt is also difficult to visualize, what would be the
biological significance of such toxins in vivo, which would kill
indiscriminately all cells, including those of the host, which
would be present in the raﬁge of effective concentrations. Never-
theless, it is not possible to dismiss entirely the view that
cytotoxins may occur during in vivo immune reactions, since as
discussed earlier, nonspecific cytotoxicity does exist.

(b) Proliferation inhibitory factor

Unstimulated and PHA stimulated human peripheral leukocytes,
containing 30-60% polymorphonuclear cells, releagsed a soluble factor
which had an inhibitory effect on the proliferation of Hela cells.
Supernatants of stimulated cells were more potent in this and the
inhibitory effect on proliferation of Hela cells could be reversed
by replacing the supernatants with fresh or conditioned medium.
However, it is to be noted that although highly effective on Hela
cells, the inhibitory factor had no effect on replication of mouse

T, cells (45).
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Cell cooperation in the immune response

A. Cell cooperation in humoral Iimmunity

Soon after the discovery of the importance of the function
of the thymus in the immune response (600) it was realized that,
in addition to the complete abolition of cell-mediated immunity,
thymectomy seriously impaired antibody formation in both birds and
mammals (197; 601). Antibody formation in thymectomized animals
is deficient only with respect to thymus dependent antigens, which
represent the majority of antigens, i.e proteins, hapten-protein
conjugates, tissue antigens, fungal, viral and certain bacterial
antigens. Among the few exceptions one may cite polymerized flagellin
of Salmonella, Brucella antigens, pneumococcal polysaccharides; these
antigens which are referred to as thymus -independent antigens, since
the anbibody response induced by them is virtually unaffected by
thymectomy. It should be noted, however, that the response to thymus
dependent antigens is never completely abolished in thymectomized
animals (3523 766).

Tt was clearly demonstrated that in a lymphoid cell
population from mice primed with SRBC the number of rosette forming
cells was reduced by anti-@ serum without affecting the number
of antibody forming (plague-forming) cells (791). Pretreatment with
cytotoxic anti-@ serum reduced the capacity of mouse spleen cells
to respond by the formation of direct and indirect plaque forming
cells (PFC) to SRBC in vitro, but did not affect PFC, their

precursors or hemopoietic stem cells. However, the response of
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spleen cells treated with anti-0 serum could be restored with
thymus cells incubated in vivo with sheep erythrocytes (149; 789).
Analogous situation was found in vivo in thymectomized animals,
which could be reconstitubed for a normal response to SRBC by
T cells (607). T cells acted synergistically with spleen cells
during the response to SRBC in immunologically suppressed (x-
irradiated) animals, but did not cooperate in a similar manner
with bone marrow cells except when the dose of the latter was
increased by a factor of 40-150 (i.e. 5~l5x106) with respect to
that of the spleen cells (l,5X105)° On the other hand a low
dose of marrow alone was able to generate significant PFC response
(85 if 5xlO4 marrow cells were given). It was proposed that B
cells in the spleen differ from those in the bone marrow, i.e. that
bone marrow contains the majority of cells not requiring T cell
cooperation (Bl cells), while most of the B cells present in the
spleen do require T cell cooperation (EE cells) to make PFC.
Perhaps By cells can make only IgM, and the T-dependent B, cells
may be involved solely in the formation of IgGy antibodies. SRBC
may have non-thymus dependent antigenic determinants, or alternatively
similar determinants may be recognized by B; and B>. The two types
of B cells may be at different stages of B cell maturation or they
may represent quite different functional types of antibody forming
cells (702).

When cell populations primed with 4-hydroxy-3-iodo-5-nitrophenyl
acetic acid-bovine serum albumin (NIP-BSA) were transferred to x-

irradiated recipients, which were injected 1 day later with NIP-BSA,
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a secondary antibody response occurred., A similar effect was de-
monstrated if cells primed with NIP-chicken y -globulin (NTP-CGG)
and with BSA were mwixed with each other prior to transfer and the
animals challenged with NIP-BSA. The response to NIP was decreased
when BSA specific cells were killed by 6 antibodies and unaffected
when NIP specific (primed with NIP-CGG) cells were destroyed with
anti-0 (719). From these and other experiments it was concluded
that although T cells do not produce antibodies, they have a
helper function necessary for B cells to differentiate towards
an antibody response. With hapten-carrier conjugates as antigens,
T cells were shown to respond to the carrier (carrier effect) and
to cooperate with B cells for the formation of hapten-specific
antibodies by the latter cells (5503 723).

Two types of spleen cells may be distinguished on the
basis of adherence to plactic surfaces; adherent and nonadherent.
Tt was found that both adherent and nonadherent cells were necessary
for the induction of antibody formation to SRBC in vitro. Exposure
of adherent cells to antigen for brief periods of time was
sufficient to initiate a maximal in vitro response (630). Thymectomized
mice had a defficiency in the nonadherent cell population, which could
be corrected by thymus graft. The cooperative function of adherent
cells was radioresistant, while one or both of the nonadherent cell
types (e.g. thymus derived and non-thymus derived) were highly
sensitive to x-irradiation (631). Hence at least three types of

cells were necessary for the induction of an in vitro antibody
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response: T cells, B cells and a nonproliferating class of cells
(348; 867). Adherent cells obbalned from normal or immunized mice
were x-ray resistant and equally effective in ehancing the response
of nonadherent cells. Adherent cells, therefore, did not appear

t0 increase in number or change in function following in wvivo
antigenic stimulation (199). The requirement for a radiation
resistant cell in the immune response in vivo was also demonstrated
(353). There is strong evidence that this adherent cell population
is represented by macrophages (4225 701) and will be referred to as
A cells (accessory cells) according to the suggestion of Osoba (668) .
The major characteristics of A, B and T cells are summarized in
Table 23,

B. Cell cooperablon in cell-mediated immunity

Cultures of mixed human peripheral blood lymphocytes
differring in histocompatibility antigens do not react with
increased DNA synthesis, if the glass adherent cells are removed
from the population. Addition of adherent cells of one phenotype
resulted in marked DNA synthesis of isogeneic (same sex) as well
as allogeneic lymphocytes. Although both adherent and non-adherent
cells have the capacity to provoke a reaction as antigen, it was
concluded that the function of adherent cell is not simply an
antigenic stimulus (539; 761).

Carrageenan (a high molecular weight sulfated polygalactose)

was administered i.p. to guinea pigs at the time of sensitization



MAJOR CHARACTERISTICS OF CELLS COOPERATING IN THE IMMUNE RESPONSE

Table 23.

°LSE

A-cells B-cells T=cells References
Probable synonymes adherent cells marrow derived thymus derived (422, 668)
accessory cell cell, plaque for- cell,
radioresistant ming cell, ro- antigen reac-
cell, antigen sette forming tive cell
processing cell, cell, antigen
macrophage sensitive cell
Antigen receptors ? cytophilic present present (167,558,782,
antibody 97099715
Specificity for immu-
nizing antigen none exhibit exhibit (199)
Antibody formation none pPrecursors none (601)
Production of MIF none none precursors (601)
Requirement for pro-
liferation none yes yes (631)
Radioresistance resistant sensitive sensitive (353, 631)
Adherence to plastic adherent nonadherent nonadherent (630)
Specific mitogen none pokeweed mitogen PHA (2, 359, 455,

6/2)



Response to cortisone resistant

Receptor for immuno-
globulin present

Receptoxr for comple-
ment for C'3

Antigenic markers in
= mouse
- chicken

Presence (% of total
mononuclear) in mouse
spleen

lymph node
blood

thymus

bone marrow

8

g 8 & ¢

Density low

Peak sedimentation
velocity 3,6 mm/hr

Subpopulations 2

resistant

present

for C'7

PC, MBLA
CBulLA

55-58
27-30
33=-34
0

36=43

medium-high

3-=3,2 mm/hr

sensitive
none
none

®, Ly series
CTLA

29-32
58=63
68=75

>99
0

high

3 mm/hr in thymus
4 mm/hr in spleen

2

(178, 179)

(433)
(433)
(865)
(586)

(720)

(668)
(668)

(178, 179
621, 702

3

327,

°8qt
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to BSA in Freund's adjuvant. No cell-mediated immunity was
developed in animals treated with carrageenan. When administered
around the time of skin testing, carrageenan suppressed the expression
of delayed hypersensitivity reactions in sensitized animals which
was,however, recovered completely 1 week after drug administration.
The suppressive activity was not correlated with anticomplementary
or anbicoagulant activity of carrageenan. Moreover, carrageenan in
vitro did not appear to be cytotoxic for lymphocytes either
structurally or functionally and did not possess mitogenic properties
or interfere with PHA induced lymphocyte transformation. Carrageenan
is known to be toxic for macrophages in vitro by inducing lysoscmal
damage and release of intracellular enzymes. It was suggested
that carrageenan exerted its effect in vivo on immune phenomena as
a result of its toxicity for macrophages (799).

Neither thymocytes nor bone marrow cells alone from
parental donors caused graft-versus-host reaction (GVHR) in x-
irradiated Fy hybrid mice, but they produced it when administered
together (57). Spleen and femoral lymph node cells also acted
synergistically with thymocytes in the induction of GVHR. Thymus
and spleen cells obtained from 1 week old mice were separately
inactive but produced moderate GVHR when combined in equal proportion.
Tt was demonstrated that in both cell populations a genetic dis-
position was required to produce synergy in GVHR (136).

Highly purified T cells obtained from x-irradiated F,

hybrid recipients of parental thymocytes fully retained their
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specific cytotoxic activity. This evidence strongly suggests that
only T cells are involved in the killing of target cells by
allogeneic immune cells in vitro (351). It was demonstrated,
however, that the lytic activity of rat thymocytes sensitized in
vitro to mouse embryo fibroblasts was increased when admixed with
normal spleen cells. The presensitized T cell directed antigenic
specificity (557).

C. The mechanism of cell cooperation

Early models of cell cooperation pictured the event as
an antigen bridge between T and B cells, as illustrated by Figure 34A.
Mitchison (613c) proposed that T cells combine with the carrier
determinants of the antigen trough their surface receptors of which
he assumed were immunoglobulins (IgX) and present the antigen
to a second cell which is triggered by the immunogenic determinants.
A further development of the model was presented by Taylor (875) who
suggested that either T cells or macrophages could have a helper
function. If the macrophages were actually involved in this reaction
one would have to postulate that cytophylic antibodies produced by
T cells serve as antigen specific receptors on the former cells.
Furthermore it was proposed that the helper cell supplies non-
antigen-specific stimuli which were necessary for triggering marrow
derived cells (Figure 34B). Iachmann (511) proposed that a carrier-
gpecific MIF is released by T cells, which is cytophylic for macrophages,
and the latter cells would then present the antigen to B cells

(Figure 34C). Extracts containing MIF did, in fact, cause an
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gure 34, Theoretical models for cell cooperation,
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Cooperation of thymus-derived and marrow-
derived cells via IgX
Mitechison,N,A.,In "Mediators of Cellular
Immunity”,H.S,Lavrence,M.Landy (Ed.) Aca-
demic Press,.N, York & London, 1969, p,.78.
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Hypothetical scheme for cell cooperation in the antibody response. Antigen -
AB effects cell contact between thymus-derived cell (or macrophage-bearing cytophilic
antibody produced by thymus-derived cell) T specific for determinant A, and marrow-
derived cell M specific for determinant B. Arrows indicate non-antigen-specific stimuli.

Taylor,R.B.,Transplant. Rev, 1:114,1969,
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Models for cell-cell interacticn in the cooperation of
T lymphocytes in triggering B lymphocytes to produce antibody.
Cell-cell interaction efiected by an antigen bridge. T and Bcells
have receptors specific for different determinants on the same
antigen molecule. a, The antigen concentration-presentation
hypothesis postulates multiple antigen molecules bound by T
cells and presented to B cells supplying a stimulus (1) sufficient
in itself for B cell proliferation and ditferentiation. Our cell
surveillance model postulates binding of antigen by B cell
receptors and subsequent recognition by T cells of exposed
determinants of the bound antigen; thereupon the T cell supplies
an additional stimulus (2) which is probably a soluble mitogen.
b, Cell-cell interaction effected by histocompatibility antigens.
This illustrates the system used in the present experiments to
show that allogeneic T lymphocytes can replace antigen specific
T cells for cooperation. The B cell requires two distinct
stimuli in order to function. Antigen supplies stimulus 1 by
binding to specific receptors.  Stimulus 2 comes in this case
from aliogeneic T cells specific for B cell histocompatibility

antigens with which they interact,
Kreth,H.W. AR, Willlamson,Nature
,,,,, 345454,1971,
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increase in the amount of specific antigen bound to normal guinea
pig macrophages. It was also demonstrated recently in a tissue
culture system where carrier-primed T cells and hapten-primed

B cells were separated by a membrane with 1y pores, that upon
exposure to antigen, T cells elaborated an antigen (carrier)
specific material, which diffused into the B cell compartment

and cooperated in the hapten-specific antibody response. No
indication was obtained for a major contribution from nonspecific
pharmacological mediators similar to those released during cell-
mediated immune reactions (282).

Other findings suggest, however, that the cooperative
effect of T cells may be nonspecific in nature. In a culture
system, where horse-RBC and SBRC were used as non-crossreacting
antigens, "educated" (primed) T cells to one of the erythrocytes
were able to trigger PFC against either kind of erythrocytes (388).
Spleen cells from rabbits primed with either lysozyme or
DNP-BSA were mixed and exposed to DNP-ovalbumin (DNP-OA) and DNP-
lysozyme. No DNP-antibody was produced, with DNP-OA but the response
was positive with DNP-lysozyme. Moreover, when spleen cells
from rabbits primed with DNP-BSA were exposed in vitro to BSA
alone, DNP-antibody was produced (853). Furthermore, the transfer
of immunocompetent lymphoid cells from inbred guinea pigs to DNP-
OA primed allogeneic recipients prepared these animals for a striking
anti DNP-bovine y-globulin (BGG) antibody response to an appropri-
ately timed challenge with DNP-BGG. Parental donor lymphoid cells
also elicited this phenomenon in g (Strain 13 x Strain 2) guinea

pigs but Fy donor cells failed to elicit it in parental recipients.
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This allogeneic effect could be elicited in recipients primed as

early as 1 day or as long as 130 days prior to allogeneic cell
transfer, although the effect was maximal at 21 days. Furthermore,
the allogeneic effect appeared to cause expansion of antibody
forming cell precursor population of the recipient as well as
differentiation of such cells into antibody-secreting cells (474).
The production of a T cell replacing factor by T cells
during allogeneic stimulation in vitro, which can cooperate with
B cells in antibody formation to unrelated antigens was also
described (790). Some batches of fetal calf sera were found to
be able to replace T cells during an in vitro antibody reponse
to SRBC, but the responding cells could not be stimulated with
PHA. Thymus cells and restoring fetal calf serum did not give
an additive effect but on the contrary, the response was lower.
"Conditioned" media from whole thymus organ cultures had similar
replacing effect. The factor is suspected to be some, as yet
undetermined, thymic humoral component. It can be removed by
passage of calf serum through Seitz filters but not through
Millipore filters (134). In mice, like in guinea pigs, carrier
specificity could be overcome by an allogeneic stimulus, suggesting
that unprimed allogeneic T cells are substituting for the role
played by carrier specific T cells. Allogeneic (AKR) T cells also
restored antibody formation, when host T cells were killed with
anti-© serum from the population primed with DNP-OA, prior to cell
transfer to syngeneic (CBA) animals. There was, however, an

absolute need for specific antigenic stimulus in addition to the



365,

allogeneic effect, which was relatively mild (CBA and AKR mice
are H-2 identical). The mitogenic factor has been proposed as

a plausible candidate mediating the T cell stimulus. Based on
these experimental data the two models illustrabted in Figure 34D
have been proposed to account for cell cooperation in antibody
response (505).

It is clear from the experiments discussed so far that
macrophages (A cells) are essential for the induction of immune
responses. ILittle is known, however, about the details of this
important function. Antigenically, two types of macrophages
could be distinguished in rats, mice, guinea pigs and rabbits,
e.g. free macrophages found in the circulation, bone marrow,
peritoneal cavity etc., and fixed phagocytic cells located in the
liver (Kupffer cells), lung, lymph node (dendritic macrophage)
and thymus (621). Whether these two types of phagocytic cells
represent two stages of functional differentiation, or they are
entirely different kind, is presently not clear.

The most outstanding capacity of macrophage is phagocytosis
(endocytosis). In higher animals cytophilic antibody facilitates
this process. It is also well documented that macrophages play
an important role in the effector phase of cell-mediated immune
reactions and also capable of target cell killing in vitro (647).
It has been established that a portion of the injected antigen is
transported to lymphoid organs and taken up by phagocytosis or
pinocytosis. Intracyboplasmic localization of radiocactive antigen

(3H~aniline~azo-porcine y&globulin) was found in phagocytic
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reticular cells of mesenteric lymph nodes, liver Kupffer cells,
fixed macrophages of the splenic and red pulp, and "septal cells™,
or fixed macrophages of the lung in mice following i.v. and s.c.
administration. Intranuclear localization of antigen in phagocybtic
(reticuloendothelial) and hepatic parenchymal cells, detectable
with fluorescence microscopy was also reported (4). Uhr and
Weissmann (90la) suggested that the macrophages within lymphoid
organs may have evolved special mechanisms for allowing a fraction
of the antigenic molecules to escape the usual fate of degradation
and to make thelr way to the surface of the cellg, Therefore,
it is either antigen that has been endocytized by macrophages or
antigen which escapes endocytosis that acts as immunogen.

An alternative possibility to the one described is that
antigen within macrophages may stimulate the formation of an
RNA which is necessary for immunization (703). Either the RNA
has all the information for the amino acid sequence and, hence,
confers the specificity on the emerging antibody molecule, or the
RNA of an antigen-RNA complex may be the key factor in derepressing
the potential antibody-forming cell and the antigen of this complex
may guide the complex to the appropriate cell. A third possibility
is that the macrophage RNA may act as a carrier of an immunologic
fragment of anftigen and thus enhance cellular uptake of that
fragment by antibody forming cells.

One of the earliest studies of "immune RNA" was that of
Fishman and Adler (294), who reported that a ribonucleic acid

fraction obtained from rabt peritoneal cells, which had been incubated
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with antigen (T2 bacteriophage) in vitro, was able to cause

antibody synthesis in x-irradiated animals which had received the

RNA and normal lymph ncde placed in diffusion chambers. When non-
radiated recipients were used, RNA alone was able to transfer the
ability for specific antibody synthesis. PFurthermore, the immunogenic
activity was found primarily in the top layer (8-12S) of a sucrose
gradient which had been divided into three fractions. Such

activity could be eliminated by treating the extract with RNAase.

Transfer of cell-mediated Immunity by immune RNA was
also demonstrated. Accelerated rejection of skin allografts in
adult rabbits and in mice, and enhanced graft-versus-host reaction
in newborn Fq hybrid mice were induced with spleen cells incubated
with RNA preparations extracted from lymphold organs of immunized
animals (566; 778; 779). Moreover tumor immunity could also be
transferred with immune RNA prepared from lymphoid organs of
xenogeneic, allogeneic and syngeneic animals (227; 698; 699; 725).

The general consensus, based on numerous experiments of
transfer of immunity with RNA is that the "processed" antigen is
combined with the RNA and that this complex may be regarded as a
very efficient stimulant, a "super antigen'. The role of RNA in
this complex is not clear (4).

More recently it was demonstrated that immune RNA to SRBC
obtained from lymph nodes of rabbits homozygous for the b% or b5
allele of light chain immunoglobulin allotypes could induce the
formation of IgM and IgG of donor allotype when injected into
rabbits homozygous for the alternate allele. It was suggested that

the donor's RNA has an informational role in the synthesis of
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immunoglobulins by host lymphoid cells (71).

Depression of the in vitro immune response of mouse spleen
cells to SRBC by removal of macrophages could be reversed by the
addition of supernatants of 24 hour macrophage cultures. The
activity of the supernatant could be partially absorbed by SRBC,
and the red cells treated with the supernatant were immunogenic
in the absence of macrophages or supernatant. The supernatant
activity was heat resistant (57°C, 30 minutes), passed through
22 mn filter, but was not stable to freezing and thawing unless
serum was present in the medium. The interaction with SRBC did
not appear to be antigen specific and treated red cells were not
agglutinated by anti IgG and anti-kappa sera (422).

On the basis of the evidence briefly summarized in this
Chapter, the author believes that the emerging conclusions as
regards the immune response may be suwmarized as follows. At

least three cell types are involved in the induction phase of

humoral immumity: A cells, B cells and T cells, Furthermore, the
interaction of A and T cells seems obligatory. for the
development of cell-mediated immunity as well (668; 701). Very
likely A cells interact first with the antigen and either process

it in some way and/or release factors (RNA?) which makes it possible
for T cells (or B cells) to respond. Triggered T cells probably
produce the soluble factors (IgX, MIF, mitogenic factor?) which
induce B cells for antibody formstion. It is not clear whether

an antibody response to thymus-independent antigens would require

the cooperation of A and B cells or not. Cooperation seems to
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be a real physiological mechanism, and an antigen with two
determinants one for the T cell and the other for the B cell seems
to be required.

D. Cell cooperation in the effector phage of the immune response

From the survey of the literature given above, it is
obvious that current knowledge of cell cooperation ig incomplete.
Besides A, B and T cells other cell types may also participate in

the induction phase of the immune response. For instance, it has

been noted that eosinophil granulocytes proliferate in mice upon

antigenic stimulus (tebtanus toxoid). In heavily irradiated

(1100r) syngeneic recipients normal spleen cells augmented the
capacity of animals to mount an eosiphil response if bone marrow

was present, and a much greater augmentation occurred in mice
reconstituted with splenic or thymic cells from primed animals.

It was suggested that a thymus-derived or thymus-dependent mononuclear
cell (T cell) population is necessary for optimal eosinophil

response (590). Similarly mast cells were shown to proliferate

after antigenic stimulation in rats (604).

Cell interaction during the effector phase of the immune
response seems to be very complex and may involve multiple and
alternative pathways. Antibodies may serve as specific receptors
for most if not all the cell types of the leukocyte series. Tt is

well established that human basophils and masgt cells have specific

binding sites for IgE (homocytotropic antibody) (450), monocytes

(macrophages) for IgGy and IgGz (cytophilic antibody, opsonizing
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antibody) (432; 433) and neutrophils also for IgG; and TgGz (583).
In all these cases the Fc portion of the immunoglobulin molecule
was shown to combine with the binding site on the cell surface.
The existence of homocytotropic and cytophilic antibodies is well
established in various animal species as well. Furthermore, human
monocytes were shown to have receptors for C'3 which may function
either independently or cooperatively with the IgG binding sites
in the induction of phagocytosis ("opsonization") (433).
Iymphocytes of the B population were slsc claimed to have
receptors for immunoglobulins as well as for fixed complement (C1!7)
(84; 106; 384; 6863 687). During the complement reaction a
biclogically active material, capable of antigen-independent
histamine release from mast cells (anaphylatoxin) is also produced,

as well as other factors which are chemotactic for polymorphonuclear

leukocytes (729). The majority of the mediators produced during
cellular immune reactions by T cells may be classified as amplifying
factors, which act on other leuvkocytes inducing thus cooperation
which greatly increases the (defensive) power of the reaction.
Chemotactic factors for macrophages (216; 924), neutrophils (923)
and eosinophils (183), mitogenic factors (41; 471; 708), the
transfer factor (525) and the skin reactive (inflammatory) factor
(692 ) may be listed in this category. It appears, that the only
type of leuvkocytes which was not imputed to be affected by a
specific factor is the basophil, although it was recently suggested
that T cells may produce such a material in relation to cutaneous

basophil hypersensitivity (246). In this context, it is interesting
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to note that transfer of the same population of immune lymph node
cells from rabs with experimental allergic encephalomyelitis to
syngeneic normal and cyclophosphamide treated rats resulted in
histological lesions characterized by mononuclear infiltration

in the former and polymorphonuclear infiltration in the latter group.
Since mononuclear cells are more sensitive to cyclophosphamide

it was suggested that polymorphonuclear cells substituted for them
in treated animals ag effector cells cooperating with donor
lymphocytes in the pathogenesis (538).

In summary, it may be stated that the effector phase of

the immune response in vivo is characterized by the participation

of all types of leukocytes known to be involved in inflammstory
reactions in general. The trigger mechanism for these reactions which
involves antibodies, sensitized lymphocytes or bothais Immunologically
specific and activates a regiment of diverse cells which participate
directlyor by release of cytotoxic factors leading to the overall
inflammatory response.

E. Cell cooperation and antigenic competition

Injection of a mixture of several antigens into an
animal produces often antibodies against all the components of the
mixture, and the total antibody produced may greatly exceed that
which would be produced in response to the injection of one of
the components alone. Nevertheless, in some situations the
immunogenicity of a given antigen appears to be impaired by the
previous, simultaneous, or subsequent injection of other antigen(s)

(5). This interference with the immune response to a given antigen
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has been termed antigenic competition (6) and may manifest itself
in varying degrees ranging from complete suppression to a mere
delay in the attaimment of the maximum level of antibody observed
in control animals. This phenomenon is affected by variables such
as genetic constitution, physiological status of the animals,
method of immunization, absolute amount and relative proportions
of the antigens injected, past immunization history and the nature
of antigen selected, and its mechanism remains obscure. Competition
for a limited number of pluripotential stem cells, or the induction
of some "humoral" inhibitory factors during immunization were the
most frequently considered ideas.

It was found recently that the proportion of © positive
cells in the spleen of C57Bl mice decreased to about half as
a result of immunization with goose erythrocytes. Although the
total number of both thymus-dependent (T) and thymus-independent
(B) cells in the spleen increases as a consequence of immunization,
the proliferation events are not parallel. It was suggested that
immunization with the first of a pair of non-crossreacting antigens
leads to a specific clonal expansion of both T and B cells, the
extent of which is dependent on time. As a result of this colonal
expansion, the T and B cells capable of reacting specifically
to the second antigenic specificity become "diluted out", and hence
their chance for encounter and interaction is decreased (477). On
the other hand, Tassig and Iachmann (873) proposed, in terms of the
model for cell cooperation suggested earlier by Lachmann (511, see
Figure 34C), that inhibition of antibody production to the suppressed

antigen is due to the competitive saturation of sites on the
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macrophage membrane by antibodies to the immunogenically dominant
antigen.

F, Cell cooperation and immunoclogical memory

If an animal has never encountered an antigen, the first
injection of this antigen is generally followed by the appearance
of specific serum antibody. The kinetics of this "primary" response
usually include a "latent period" of sevéral days during which no
antibody is detectable, followed by a moderate rise to a peak titer,
with a subsequent levelling off and a decline of titer. A second
injection of the same dose of this antigen produces a response which
includes the following features: the latent period is shorter, the
rise is sbeeper and the antibody titers higher than in the primary
response; this second response is called an "anamnestic" or
"secondary" response. This implies that the host has acquired
"immunologic memory" for the antigen in question which predisposes
the immune system for a faster and more powerful antibody response
to the second stimulus with the same antigen. Tertiary responses
usually do not differ greatly from secondary responses. Immunological
memory may be retained for a very long time and it is specific for
antigenic determinants; therefore, crossreacting antigens having
determinants identical or similar to those of the first antigen
would elicit subsequent responses resulting in the maintenance of
high level of antibodies (164). Tt is obvious that under normal
conditions the animal is being exposed constantly to a variety of
envirommental antigens and produces "natural antibodies™ to a

wide range of antigenic determinants; consequently, many responses
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defined as primary should be actually considered as secondary, and
it is questionable if there is a truly primary response except
in germ-free animals reared on synthetic diets of nonimmunogenic
materials,

A1l three cell types (A, B and T) were found to be
necessary to initiate both IgM and IgG anamnestic responses to
SRBC in vitro. Immunological memory was attributed to a significant
increase in the number of both the B and T cell population (411).
The in vivo indirect IgG response of primed mouse spleen cells
was markedly reduced by in vitro treatment with cytotoxic anti-o
serum. However, the response of primed B cells could be fully
restored to control levels by normal thymocytes, although restoration
was more effective with thoracic duct cells from specifically primed
mice than with cells from nonspecifically primed mice. Moreover,
the activity of the reconstituting cell population from primed
mice was reduced by incubation with anti-© serum. It was concluded
that memory to heterologous erythrocytes is carried by the T cell
lineage, as well as by the B cell lineage, even though unprimed
T cells are sufficient for expression of B cell memory (606). In
a similar study, however, it was found that primed spleen cells
treated with anti-0 cytotoxic antibody did not transfer response
to SRBC. Normal thymocytes partially reconstituted the ability
of such treated cells to transfer the primary, but not the secondary
response. Incubation of the spleen cells with alloantiserum to

the PC.1 antigen, which is present on antibody forming cells, did
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not significantly affect the ability to transfer either the
primary or the secondary response (864). The secondary response
to a hapten-carrier antigen as also decreased on treatment of the
carrier specific cells with an anti-© serum, but it was not
affected by this treatment of hapten specific lymphocytes (719).

In a recent review of this topic it was concluded that
T cells carry specific tolerance and memory, but the‘éooperative
effect may be nonspecific. Convincing evidence of B cell memory
is nonavailable; it is absent for pneumococcal polysaccharide, which
is a thymus independent antigen (701).

G. Cell cooperation and immunological adjuvants

Adjuvants include a wide variety of materials capable
of enhancing nonspecifically antibody production to unrelated
antigens. Some of these substances are large molecules and are
antigenic, others are small organic compounds. The mechanism of
action for any adjuvant has as yet not been elucidated. There
is 1little evidence that adjuvants enhance antibody production by
altering the rate of processing of antigen (482).

Tt was found in rats that the addition of carrier
(diphteria toxoid) primed cells, or adsorption of antigen to
aluminum hydroxide, assisted hapten primed cells to initiate antibody
formation. Consequently, it was inferred that antigen coated
adjuvant particles may be able to substitute for T cells in
cooperation with B cells (849). In mice depleted of T cells by

thymectomy plus treatment with ALS or x-irradiation (850r), the
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antibody response to BSA was decreased, and the disparity between
normal and T cell deprived mice was greater when adjuvant had been
employed (E. coli endotoxin, Bordetella pertussis vaccine, complete
and incomplete Freund's adjuvant and vitamin A (*Retional’) in
incomplete Freund's adjuvant) also for the primary immunization.
Marked stimulation of antibody formation with adjuvant was detected
in mice reconstituted with thymus graft. It was suggested that
T.lymphocytes were potentiated by adjuvants for antibody formation
(12). Similarly complexes of polyadenylic and polyuridylic acids
(poly A:U) appeared to potentiate T cells; thus the anti-SRBC
rosette forming cell response of irradiated mice was increased with
thymus cells which had been exposed to poly A:U in vivo or in vitro
prior to injection of bone marrow cells. This direct stimulatory
action resulted in an enhancement of the rate of proliferation

of anmtigen reactive cells in response to antigen and a shortening
of the induction period for division in immunocompetent cells.
However, no stimulatory effect of poly A:U on bone marrow derived
antibody forming precursor cells was observed (190).

Tmmunological unresponsiveness

A. Tmmunological tolerance

An early indication of what later was to be developed
into the concept of immunological tolerance was provided by one
of Nature's experiments - the exchange of lympho- and hemo-poietic
stem cells between twin embryos in cattle by placental anastomosis

of blood vessels. A year after birth the twin cattles were found
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t0 have admixtures of blood types, which was tolerated by

the mature host (870). From the collection of data on approximately
one hundred additional pairs of cattle twins, of ages up to eight
years, indicated clearly that the foreign cells were not at a
selective disadvantage. Placental fusions leading to similar
consequences were found later in mice, rats, sheep and human.
Moreover, the phenomenon was reproduced by artificial parabiosis

of embryonated hens' eggs, and also by the injection of living
embryonic rat cells intocther rat embryos. Such animals having
genetically different tissues, established either naturally or
cartificially, are called chimeras. Chimeric twin cattle commonly
accepted skin transplants and also kidney grafts from their co-
twins. An identical situation was found in artificial chimeras
(671). More recently chimeras were produced by the fusion of
blastomeres of genetically dissimilar mice in vitro which were
replaced in the uterus of a foster mother (597; 599). In more

than 50% of the cases a healthy long-lived mouse develops, carrying
cells of both origins, which may differ in major histocompatibility
factors; such "allophenic" mice are permanent chimeras. Appropriate
skin transfers between the allophene and its two "parent" strains
demonstrated that the allophene possessed the mosaic of histocompati-
bility antigens carried b& each of its "parents”.

Classically the essential feabures of immunological

tolerance were defined in terms of the establishment and persistence

of allogeneic tissue transplants, achieved by the introduction of
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living homologous tissue cells into the embryo and neonatal
individual. Unresponsiveness to self constituents of

the body, which are either directly present in the body or appear
as a result of the breakup of expendable cells present in the blood
or lymph, was explained as a state of tolerance established before
the maturation of the immune system. Antigenicity of certain body
components, like thyroglobulin, lens proteins, constituents of
spermatozoa etc. were attributed primarily to the fact that the com-
ponents in question are normally separated in isolated organs and
are inaccessible to 1lymphoid cells and/or they were not present
as such in the body when tolerance to self components was
established during embryonic life (124; 125; 671).

Another form of immunological unresponsiveness was described
by Felton (286), who found that less than 101 g of the polysaccharide
antigen of pneumococci was immunogenic in mice, while a dose
higher than 100y g caused a long lasting unresponsiveness. This
phenomenon, which was eventually elicited with high doses of a

variety of soluble antigens was known later as ilmmunological

paralysis. Mitchison (613b) discovered that immunological paralysis
may be induced with high and low doses of the antigen. Thus, BSA
was given to CBA mice from 10 g to 10 mg, three injections a week
for varied times. Ten days after the last injection they were

bled and immediately challenged with a standard (immunogenic) dose
of BSA (7 mg in complete Freund's adjuvent). From the response to
this challenge, two zones of "partial paralysis" could be identified.

Mice preimmunized with 10 wpg doses of BSA gave only a low-titre
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delayed response, yet from an early stage in the process, these
mice did not respond or responded poorly, to a standard challenge
of antigen and adjuvant. Normal (secondary) immune response was
observed in mice preimmunized with intermediate doses. At the
other end of the scale, mice preimmunized with a large dose of
antigen showed a quick rise and a quick fall in titer after
challenge with the standard dose. These phenomena are known

presently as low and high zone tolerance.

More recently mortality attributable to GVHR induced by
grafting parental lymphoid cells into irradiated ¥y mice hags been
delayed and reduced by treating the donars with high and low doses
of soluble recipient H-2 antigens. The phenomenon was suggested
to be identical with "high and low zone tolerance" for soluble
antigens (377).

Furthermore, it was shown in guinea pigs that only those
compounds having immunogenic properties could induce tolerance
(188). Adult mice could be rendered tolerant to bovine gamma-

globulin if it was given in unaggregated form, but the same

antigen in aggregated form or either with Freund's adjuvant or with
bacterial endotoxin (non-crossreacting) caused the production of
antibody and not the induction of tolerance (165; 241).

The cytotoxic action of mouse lymphocytes sensitized against
alloantigens was abrogated in vitro by sera from the sensitizing
strain, and from Fq hybrids of the sensitized and the sensitizing
strain, while sera from the sensitized strain did not. It was

suggested that soluble histocompatibility antigens present in the
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inhibitory sera may be responsible for this effect (112).
The induction of tolerance in adult mice was greatly

facilitated by simultaneous immunosuppression (776).

When young adult mice aged 13 days received i.v.
5-6x108 allogeneic gpleen cells in 7-12 divided doses at intervals
of 3-4 days, a significant degree of tolerance was produced in a
number of animals. Unresponsiveness began to develop after the
4th injection. It was estimated that the recipient spleens contained
small numbers of donor cells (less than 5%) when tolerance was
complete. It is of interest that tolerance in 13 day old mice
could not be produced by injecting cells intraperitoneally (1153
116). Rabs made chimeric by neonatal injection of Fy or parental
bone marrow cells i.v. tolerated parental skin grafts. When 6 ml
of igsoantiserum directed against the alien histocompatibility anti-
gens of "incompatible' grafts was injected over a 7 day period,
all incompatible grafts became inflammed and 10 of 22 (45%) was
totally rejected within 49 days. Rats whose grafts survived still
50 days after administration of the antiserum were treated agaln
with specific antibody. This increased the number of rejected
grafts to 17 of 22 (77%). Although the antibody probably exerted
some direct effect on the graft, the abrogation of tolerance was
produced by abolition of the chimeric state of the host (561).
From these and other observations it follows that the duration

of the tolerant state depends upon the persistence of the antigen (164).

Under certain conditions tolerant animals may not be

able to develop one type of response (delayed hypersensitivity)
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but could show full competence with regard to another (humoral
response) (663 201; 438). This status is designated as splite
tolerance.

It was established in an in vitro system using mouse
lymphocytes, that polyvalent rabbit antisera to mouse immunoglobulin
could interfere with the induction of immunity and of tolerance.
It was concluded that ilmmune tolérance depends on the interaction
of antigen directly with the surface of immunocompetent cells,
presumably with the immunoglobulin receptors (283). The number
of antigen binding (rosette forming) cells was slightly higher
in tolerant animals than in normal animals and significantly
lower than in immune animals (814). This observation pointed out
that lymphocytes having receptors for the tolerated antigen are
present at a normal level in unresponsive animals.

When an allogeneic thymus is used to reconstitute neonatally
thymectomized mice it is capable of establishing tolerance if
grafted early eough. Such mice will accept skin grafts from their
own strain and from the strain supplying the thymus bul reject any
"third party" graft (600).

In mice made tolerant to BGG, tolerance persists longer
in thymectomized mice than in sham operated controls. Whole
body irradiation shortens the duration of tolerance, but only 1if
the thymus is present. These experiments indicate that lymphoid
cell turnover is associated with the waning of tolerance and
that procedures which retard this (thymectomy) will delay the

disappearance of tolerance, and procedures which accelerate this
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(whole body irradiation) will accelerate the reappearance of
antibody production (164).

During a series of experiments on high zone tolerance in
mice it was shown that both T and B cells can be made tolerant.
Induction of tolerance as well as induction of immunity in the
thymus dependent B cell population seems to require the cooperation
of T cells (328).

The antigen-induced DNA synthetic response of a number
of different thymocyte populations was studied in the spleens of
lethally irradiated recipients by incorporation of 125I—5—iodo—2—
deoxyuridine. The response of certain cell combinations was not
only less than the sum of the responses of individual cell
populations but also less than that of any one of the individual cell
populations in the combination. This conclusion was based on the
responses of the following combinations: i) the response to SREBC
of "educated" (primed) plus normal thymocytes was less than that
of educated cells alone; ii) the response of parental plus iy
thymocytes was less than that of parental cells alone in Fy hosts;
iii) the response to SRBC of a cortisone resistant (in a low dose)
plus normal thymocytes was less than that normal cells alone. The

existence of a suppressor ‘T cell population was proposed, which is

capable of inhibiting the antigen-induced response of other
thymocytes without the mediation of B cells or thelr products

(i.e. antibody) (327). A strong suppressive effect on the formation
of agglutinating antibody to SRBC and Brucella abortus was observed
when 5xlO7 thymus cells from 6 week old normal chickens were given

i.v. to 6 week old recipients of the same inbred line; only 1/16



of the total titer was mercaptoethanol resistant. The suppressive
effect was still observed 3 weeks after the original cell transfer
and after repeated immunizations. On the other hand, thymus cells
transferred from bursectomized animals were more effective in
their cooperation for antibody formation and a better immunological
memory resulted. Thus thymus cells appear to be capable of

both amplifying and suppressing the production of agglutinating
antibody in the chicken. The former effect, however, was not
affected by neonatal bursectomy of the thymus cell donor, whereas
the latter was "bursa dependent” (240).

Tolerance to pneumococcal polysaccharide type IIT (SIIT)
in mice was not influenced by thymectomy or the transfer of thy-
mocytes to such reciplents, neither did pretreatment of the marrow
with anti-© serum abolish efficacy in transferring reactivity to
SITI. Moreover, irradiated mice repopulated with marrow from SIII-
tolerant donors were unresponsive and prior thymectomy did not
retard the spontaneous loss of tolerance induced by 50 ug SITI,
and the ensuing PFC response was not impaired (429). These results
indicate that T cells do not play a role in tolerance to thymus
independent antigens.

In guinea pigs lymphatic connection between skin and

regional lymph nodes was essential for the development of

383,

immunologic tolerance to dansyl chloride, which is a skin sensitizer

(309).
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When picryl chloride or DNFB in oil was fed to guinea
pigs repeatedly over three weeks, the animals could not be
sensitized by skin contact and had no antibody (154). Unresponsive-
ness could be obtained by an injection of as little as 50 pg picryl
chloride in 2 ml of 1% ethanol in 0.85% NaCl given directly into
the mesenteric vein of adult guinesa pigs on two occasions, one
week apart. Orally a dose of 50 mg fed for 5 days, and a total
of 15-20 feedings were necessary for inducing the same status of
tolerance. Moreover, two injections of 5 g BGG, separated by
seven days, were sufficient to induce a state of tolerance, such
that the animals were umable to develop cell-mediated immunity or
antibody formation, when sensitized with four intradermal injections
of 2.51 g BGG into each footpad, 26 days after the first injection
(67). These latter findings strongly indicate that the liver
has a tolerogenic role, which could be of vital importance in the
prevention of sensitivity to food constituents.

A tolerance inducing dose consisting of 1 mg of
deaggregated HGG given i.p. to mice on the first day failed to
develop tolerance in animals depleted of complement by vitamin A
treatment; this finding suggests the possible participation of
¢! in tolerance production (40).

When tolerance is produced by the injection of nonliving
antigens, it may be abrogated by the injection of normal lymphoid
cells from compatible animals. In the case of thymus dependent
antigens non-tolerant T-cells plus antigen will abolish the tolerant

state (723; 330). Tolerance to an antigen such as bovine serum
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albumin was abolished by injection of a crossreacting antigen such
as human serum albumin. However, recent evidence suggested that
this may not be a true "termination of tolerance", since all the
antibodies produced could be absorbed out with the immunizing
crossreactive antigen (931).

Tmmunological tolerance may be induced in adults most

easily with deaggregated antigen. The phenomenon is immunologically

specific; therefore, antigen-specific receptors must be involved.
T-cells become unresponsive faster (at 4 days) at a lower antigen
dose, and remain so longer (at least for 100 days). B cells are
toleragenized much slower (15-21 days), requiring high antigen
dose and recover faster (49 days). Sometimes antibody response
is present during induction, which probably does not play a role.
B cells become unresponsive to thymus. independent antigens (E. coli
lipopolysaccharide) much more rapidly in vitro. There is no
antibody response to thymus dependent antigens, if either T or

B, or both cell types are tolerant. Tolerance induction with
higher doses of deaggregated antigen (tolerogen), is much‘more
effective than lower doses, because to such antigen, there is no
"low and high zone". Under ordinary conditions a competition of
antigen and tolerogen may be the case (931).

B. TImmunological enhancement

The phenomencn of enhancement was first observed by
Flexner and Jobling (296) in studies of a transplantable sarcoma in
rats. The growth of the tumor was favoured if the hosts were given
a prior injection of an emulsion of tumor cells heated at 56°C for

30 minutes. The effect was most pronounced when injection of the
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emulsion preceded tumor inoculation by ten days, and seemed to be
further increased by multiple injections at ten day intervals,
prior to implantation of the viable tumor. Casey (140) added the
important observation that when different mouse strains were used,
the effect showed substantial specificity. XKaliss and his coworkers
next established the phenomenon in terms of which immunological
enhancement is now defined (462; 465; 466; 467), i.e. it was

shown that the potential for enhanced tumor growth could be
transferred to secondary hosts by the injection of serum from

mice of the same inbred strain in which immunologic enhancement
had been induced. The serum was usually given at the same time

as the tumor allograft and was effective in causing enhancement

if given even one week prior to or after implantation of the tumor.
Enhancing serum could be produced by the injection of not only
tumor cells but also of normal tissue from the strain to which the
tumor was syngeneic. Therefore, in the light of modern concepts,
it may be inferred that involved in the enhancing phenomenon were
primarily alloantigens and not tumor antigens. The demonstration
that transplantation immunity could be adoptively transferred with
lymph node cells (613a) revealed that graft and allogeneic tumor
destruction is mediated by cellular immunity. If one postulates
that humoral antibodies directed against the alloantigens of a
graft are non-destructive, but can in some way block the formation
or functioning of the destructive cellular response against the
same alloantigens, then the enhancing phenomenon would follow as a

natural conseguence (821). An overwhelming amount of experimental
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evidence supports that indeed this 1s the case (64; 463; 464; 6163
617; 618; 822).
On the basis of these experimental findings Iimmunologic

enhancement may be defined as the counterpart of rejection, whereby

an antigenic tissue is not destroyed and may remain intact structurally
as well as functionally for long periods of time, despite the presence
of immune reactions to it in the host. Both cell-mediated and humoral
immunity are detectable in animals or humans bearing antigenic
grafts or tumors, and antibodies are involved in protection against
tigssue damage by immune lymphocytes. Enhancement and rejection are
both dynamic and active phenomena with numerous intermediate situations,
and occasionally rejection may turn into enhancement and vica versa.
Hence transplantation and tumor immunity are governed by a delicate
balance between two opposing manifestations of the immune response,
one extreme leading to rejection and the other to enhancement.

Clearly, the advantage of immunologic enhancement is
being exploited in organ transplantation. Thus, kidney grafts
from Fy donors survived and functioned well indefinitely in the
parental strain of rats if the recipients were preimmunized against
donor histocompatibility antigens (Ag-B) (305; 851). Canine
renal allografts could also be prolonged by preimmunization of a
subcellular soluble antigen derived from donor lymphocytes combined
with postoperative treatment of azathioprine and methylprednisolone
in small doses (423). Furthermore the maternal kidney graft of an

8 year old boy was also protected by Fab and F(ab?®)2 fragments of



paternal antibodies produced against maternal leukocytes; low doses
of immunosuppressive drugs were also given. When graft function
was established postoperatively, all immunosuppressive drugs were
withdrawn and the kidney functioned satisfactorily for three
months without further immunosuppression being required (65).

An infant with severe combined immunodeficiency(the lack
of both humoral and cell-mediated immune reactivity) was given
maternal bone marrow and maternal plasma which contained lympho-
cybotoxic antibodies to paternal and patient lymphocytes and
blocked mixed lymphocyte responsiveness of material cells against
mitomycin-C treated paternal or patient cells. The infant gained
weight, acquired cell-mediated immunity and produced serum TG,

TgA and IgM in higher concentrations, and survived for 14 months
after transplantation. This survival time is the longest known
among patients with severe combined immunodeficiency given
incompatible bone marrow (120). Finally, it may be mentioned that
at least in certain experimental and human autoimmune reactions
antibody mediated protection may be of great importance for the
preservation of homeostasis (21; 213; 700).

Tn contrast to the above data, it was demonstrated that
lymph node and spleen cells from rats bearing enhanced kidneys were
able to mount GVHR, which was quantitatively similar to that caused
by cells from normal rats. Dmmunization of rats bearing enhanced
kidneys with donor type spleen cells caused a rise in cytotoxic

antibody titer but had no effect on blood urea levels. Iymphoid

388.
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cells taken from these immunized rats also produced GVHR comparable
with that of controls. It was concluded thaf tolerance was not
involved in the prolonged survival of these grafts (306).

Tn another study both cell-mediated immunity and the

presence of serum blocking factors could be detected from such rats

against donor type fibroblasts in vitro 87-127 days after kidney
transplantation., Cell-mediated immunity was present in 3 of 4
enhanced recipients. Although one lacked demonstrable cell-mediated
immunity, it was possible to detect serum blocking factors. Blocking

factors could also be eluted from a kidney more than 4 months after

transplantation. A second kidney of the same genotype was readily
taken by the enhanced animal but skin graft was rejected. It was
proposed. that the serum blocking factors and. the eluted blocking
factors were actively produced by the recipient and were not a
presidual of the initial short course of passive immunization (850).
Three children born with severe combined immunodeficiency disease
who had been fully reconstituted immunologically by bone marrow
transplantation from HL-A-mabtched sibling donors, were examined by
an in vitro assay of cellular immunity. Peripheral blood lymphocytes
from these children, originated from the bone marrow graft, were
cytotoxic for their respective host fibroblasts in vitro. This
cellular cytotoxicity was inhibited by an autologous serum factor
which contained immunoglobulin determinants. The data illustrate
that human lymphoid chimeras depend upon active antagonism between
humoral and cellular manifestatlions of the immune response (459).

An analogous situation was found in long surviving chimeric dogs



established by the transplantation of allogenelc bone marrow after
lethal x-irradiation (407).

It was recently suggested that a number of immunological
phenomena, which were formerly believed to represent true examples
of tolerance were in fact governed by immunological enhancement.
Mice made chimeric by the injection of 5XlO7 spleen cells from Fy
hybrid donors within 24 hours after birth. Tolerance was defined
as the ability of approximately one month old mice to accept
permanently skin grafts from the other parental strain. CBA
mice tolerant to A grafts had cytotoxic lymphocytes against A
fibroblasts, and the serum from the tolerant animals could nullify
this cytotoxic effect. Reciprocal findings were obtained with
tolerant A mice. The cytotoxic effect and blocking of sera from
the tolerant mice was specific (400). Tetraparental (allophenic)
mice, rendered chimeric at the eight-cell stage by joining two
embryos from histoincompatible parental strains exhibited a
similar mechanism, e.g. concomitant cellular immunity and a serum
blocking effect, rather than tolérance through a central failure
of the immune response. Preliminary studies suggested that the
blocking factor may be an immunoglobulin (691; 930). Similarly,
lymph node cells from Fy hybrid mice destroyed parental fibroblasts
in vitro and the serum from ¥y, but not from parental strain mice,
blocked this (694).

A state of "pseudoparalysis" was achieved with type IIL
pneumococcal polysaccharide (SIII) given in high concentration (428

Thus, no serum antibody to SIII was detected, but the number of PFC

390.

).
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determined with SRBC heavily coated with SIII was comparable to
that of immune animals. Moreover, with the plaque assay, it was
shown that under these conditions IgM antibody was synthesized

as would be the case in mice in response to an immunizing antigen
dose. Consequently, the lack of detectable serum antibody in
"olerant" animals was attributed to its continuous peripheral
neutralization by recirculating, nondegradable antigen.

¢. Mechanisms of immunological unresponsiveness

(i) Thymic censorship

Burnet proposed recently (126) that all lymphocytes which
express "self" reactivity during differentation in the thymus are
destroyed in situ. Whenever the thymic function is disturbed,
"eorbidden clones" capable of auto-reactivity may arise and cause
autoimmune disease. In support of this view, quote histological
evidence that there was significant cell destruction in the form of
pycnotic nuclear fragements in the thymus and claculations based on
the intensity of mitosis suggested that 90-99% of the cells produced
were destroyed. Furthermore, Burnet suggested that in certain
autoimmune diseases, like systemic lupus erythematosus, where the
autoimmune process is massive and not monoclonal in nature, a
general breakdown occurs in the control function of the thymus,
which may be the result of the thymus becoming a target organ
for the sutoimmune process.

Thymic abnormalities are indeed commonly present in asso-
ciation with certain aubtoimmune diseases e.g. germinal centers
appear in myastenia gravis and less frequently in thyrotoxicosis

Hashimoto's disease, systemic lupus erythematosus, rheumatold
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arthritis. Various auboimmune conditions have also been assoclated
with thymic tumors. It was postulated that the thymus might be
a target organ in myasthenia gravis; thymectomy leads to variable
results (21). Similarly, thymectomy had beneficial effects, in
a 12 month old infant with auboimmune hemolytic anemia, who had
been refractory to conventional treatment (prednisolone, corticotrophin,
splenectomy) (469).
Tt was also proposed that the relative absence of epithe-
lial cells in the thymus of NZB mice may in some way be related
to the poor control of this mouse strain against autoimmune process
(250). Neonatally thymectomized rats failed to develop the
characteristic lymphoid cell infiltration of experimental auto-
immune thyroiditis seen in sham-operated animals. Animals found
to have thymic tissue remnants at autopsy showed thyroiditis
equivalent to that of sham operated animals. The titers of
precipitating antibody to bovine thyroglobulin were the same in
both sham operated and neonatally thymectomized rats (121).
Recognition of self antigens by cells of neonatal thymus
was recently described in the mouse. Neonatal thymocytes
incorporated Clé-thymidine when cultured with adult isogeneic
spleen cells. This interaction increased sharply after birth,
began to decline within the first week of life and was lost in
adulthood. Other isogeneic lymphoid cells could not replace adult
spleen cells (430). This finding was confirmed for neonates, but
thymocytes of adult mice were also found to react against adult spleen

cells, even when taken from germ-free CBA mice. It was proposed
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that these "self reacting cells" do not leave the thymus (in
accordance with Burnet), and if they do, they are not necessarily
cytotoxic (96).

Heavily labelled flagellin was found to be distributed
extremely diffusely through all lymphoid tissues of newborn rats,
including the thymus (609). In a similar experiment rats were
sublethally irradiated with their thymuses shielded in order to
destroy immunocompetent cells throughout the body and leaving the
thymus intact. Immediately thereafter, groups of these rats
received 20-40 mg of BGG either directly into the thymus or
i.p. The first group showed neither skin sensitivity, nor antibody
production, while those injected i.p. showed both manifestations
of the normal response (832). In addition to these supporting
data, it is to be stressed that the weight of evidence supports
the view that immunological memory and tolerance are primarily
governed by T cells.

According to a related hypothesis on autoimmunity, T

cells are considered to play a key role in preventing autolmmunity
which is postulated to involve two steps. First, T-lymphocytes

are normally unresponsive to self-antigens and, therefore, would not
cooperate with B cells to mount an autolmmune response. However,
B-lymphocytes could produce autoantibodies in several situatioms.
Thus, virus infection could lead to T cell seﬁsitization and,
through a carrier effect this could stimulate B cells to produce

antibody; a similar result could be achieved by attachment of a



hapten to a self-constituent. DNonspecific stimulation of T cells
by adjuvant or by injection of allogeneic cells may eliminate the
need for antigen-specific stimulation of T cells and thus
cooperation with B cells may result in the production of auto-
antibodies. T cells can also exert specific feedback control of
autoantibody formation (14). This latter proposal as a T cell
funetion coordinates with the suggestion for the existence of

suppressor T cells discussed earlier.

Medawar (581) proposed that antigen could produce

tolerance by its effect on immature cells. Tmmature cells form

a higher proportion of lymphocytes in the fetus or neonatal animal
than in the adult. It is, therefore, not surprising that it is
easier to induce tolerance in the foetus or neonatal animal than
in the adult. In the adult there are proportionally more mature
cells than immature cells. In adult animals some cells develop
tolerance whereas other cells develop sensitivity. As treatment
continues the sensitive mature cells die off, leaving only tolerant
mature cells derived from immature cells which have become

tolerant at an earlier stage.

(ii) The signal theory of tolerance and induction

Cohn (184) proposed that the induction of immunity
requires the recognition of 2 determinants on an antigen, one by
an immunoglobulin produced by T cells (IgT) and another by B cells.
If only one determinant is recognized by the antigen sensitive

cell it results in a conformation change of the receptor leading
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to the death of that cell (signal 1).

A third party effector cell (macrophage, reticulum cell,

dendritic cell, thymus cell, etc.), which derives its receptors
passively as cytophilic antibody (IgT) secreted by T cells is
necessary for induction. This effector cell carrying receptors
of many different specificities can now interact with a unipotential
antigen sensitive cell of either T or B origin., The inductive
interaction is made up of two events: signal 1 identical to that
of tolerogenic interaction, and signal 2 involving a communication
between the effector cell and the antigen sensitive T or B cell
(Figure 35A). Any cell which is inducible can be tolerogenized.
It is proposed that paralysis and cellular immunity are mediated
by conformational signals.

The suggestion by Weigle (931) that antigens in a
deaggregated form (e.g. monomeric human IgG) are tolerogenic
is supported by experimental evidence and seems to Justify the
idea that the immunogenic and tolerogenic form of an antigen may
represent different signals for T and/or B cells.

(iii) Antibody mediated unresponsiveness

Voisin (917) claims that immunity and tolerance are
predominant manifestations of an active, two-way immunological
reactivity, i.e. rejection and enhancement ("facilitation"). According
to Voisin, the rejection reaction involves cell-mediated immunity
by T cells or by complement fixing antibodies, whereas enhancement

is mediated by non-complement fixing ("synergistic hemagglutinating")
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antibodies produced by thymus independent cells. The factors
governing both rejection and enhancement are considered to be
present during an immune response, the predominant reaction type
dictating the final manifestation.

The previously discusé;d evidence that the tolerance of
transplant recipients as well as Fy and chimeric animals 1s mediated
by serum factors supports this hypothesis,

Another unified theory for immunity and tolerance was
proposed by Sinclair and Chan (809). They state that there is a
threshold dose of antigen below which no initial immune response is
induced. This is followed by a zone where the production of
antibody is minimal and insufficient to react with all the antigen
present in the tissues. As the dose of antigen is increased
further, there is a rapid increase in the amount of antibody formed
initially so thabt antibody excess is attained. With even greater
doses of antigen, the amount of antigen in tissues will be in
excess even if the initial antibody response remains maximal, Thus,
there would be low and high zone of antigen dose where antigen in
tissues would be in excess of the antibody produced (Figure 35B).

It was also proposed that tolerance could develop when an lmmune

response is regulated by the presence of antigen-antibody complexes.

The antigen-focusing hypothesis proposed by Feldmann

and Diener (284) is essentially the same, but explains further the
mechanism of action of antigen or antigen-antibody complexes.
According to this theory antigen and preformed antigen-antibody

complexes may interlock cell-bound receptor sites into a lattice,
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which depending on the degree of crosslinking may render the cell
nonreactive to further antigenic stimulus.

The antigen focusing hypothesis is based on experimental
evidence obtained with in vitro antibody forming cultures of mouse
cells. Thus, immunological tolerance was induced by the exposure
of spleen cells to mixtures of polymerized falgellin and antibody
for 6 hours at 37005 the cells were thoroughly washed and exposed
subsequently to optimally immunogenic doses of polymerized flagellin.
Induction of antibody-mediated tolerance was critically dependent
on the ratio of antigen and antibody to which the cells had
been exposed. Low zone tolerance could be induced with subimmuno-
genic concentrations of monomeric flagellin in amounts as low as
2 pg/ml (about 107t molar) and the appropriate concentration of
antibody (a titer of 10"3)° In contrast tolerance could not be
induced with subimmunogenic concentrations of polymeric flagellin
in the presence of a wide range of antibody doses.

There was a remarkable similarity between the tolerant
states obtained in vitro with tolerogenic doses of polymeric
flagellin, and with immunogenic and subimmunogenic concentrations
of flagellin in the presence of antibody, suggesting the same
crosslinking mechanism for the cellular basis of the tolerant
state (284). Further support for this hypothesis was adduced in
a more recent study  in which it was demonstrated that divalent
F(ab')2, but not univalent Fab?, fragments were capable of inducing
tolerance in vitro (285).

By contrast, it was shown that for optimal in vivo

immunosuppression by administration of antibody plus SRBC, it was
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essential to maintain the intactness of the IgG molecule (150).
Therefore, the in vitro and in vivo situation may not necessarily
be identical; however, it must be noted that two entirely different
antigens were used in these systems, i.e. flagellin which is Thymus
independent and SRBC which is thymus dependent.

Exposure of lymphocytes of mice sensitized to alloantigens
to antigen-antibody complexes rendered these cells incapable of cell-
mediated immunity in vitro to target cells (not treated with antibody)
(495). On the other hand, stimulation of DNA synthesis in normal
human lymphocytes by antigen-antibody complexes, which was followed
by cytotoxicity, was reported recently (619).

Billingham et al. (86) proposed that failure to induce a
response to a homograft might be accounted -for by one of three

possible mechanisms, i.e. it could be due to afferent, efferent

or central inhibition of the reaction. Thus, the antigenic deter-
minants of the graft or tumor may be "masked" by antibody either
before (afferent) or after (efferent) the induction of cell-mediated
immunity; the strongest evidence for the efferent mechanism was
presented by MBller (617) who used allogeneic tumor cells and
achleved enhanced growth with antibody-coated cells in the absence
of circulating antibodies in recipient mice. The direct
action of antigen-antibody complexes on lymphocytes and their power
to induce tolerance strongly indicates the possibility of a central
mechanism (284). Iow and high dose inhibition of GVHR with soluble

H-2 antigens has already been demonstrated, as discussed earlier (377).
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It should be emphasized that the peripheral (afferent and efferent)
and central mechanisms are not mutually exclusive, and in all
probability each of these mechanisms operates to a different extent
under different condition and their effects may be synergistic.

D. DNonspecific serum inhibitors of the immune response

(i) @ -globulin

An alpha globulin is present in human serum which has
the ability to suppress the immune reponse of mice to SRBC and
also to inhibit the in vitro transformation of human lymphocytes
by PHA (342; 957). A protein fraction with similar effects was
igsolated from bovine serum and also from bovine thymus (137).

(ii) Maternal immunosuppressive factor

A factor was detected in maternal plasma during pregnancy
that suppressed the reactivity of mixed leukocyte cultures (MIC)
from both maternal-newborn palrs and unrelated adult pairs.
Pregnancy plasmas of longer gestation times were more inhibitory.
The inhibitory activity riched a maximum at the time of delivery and
disappeared a few days later. Fetal plasma also suppressed the
reactivity of MIC from mother-newborn pairs. Unlike maternal plasma,
fetal plasma did not significantly affect the reactivity of MIC
from unrelated adult pairs (472).

A heterogeneous glycoprotein with a wide range of .electro-
phoretic mobilities (both greater and lower than that of serum @ -2
glycoprotein) was extracted from human placenta. This material

inhibited the stimulation of human peripheral lymphocytes with PHA,
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pokeweed mitogen or goat anti-lymphocyte globulin, but did not
affect lymphocyte viability (756).

(iii) DNomspecific immunoregulatory serum factor

A factor capable of inducing almost complete inhibition
of the in vitro primary response of mouse lymphocytes to SRBC
(thymus dependent antigen), but not to E. coli lypopolysaccharide.
(thymus independent antigen) was found in mouse serum. Sera
obtained 4 days after immunization contained a higher concentrabion
of this inhibitory factor. The immunosuppressive activity could not
be absorbed out with antigen, and its activity was found to be the
same when spleen cells were incubabed with it either in the presence
or sbsence of specific antigen. It was nondialysable stable at
56°C for 30 minutes, but labile at 65°C for the same duration. Tt
was postulated that this factor, present in the serum at a threshold
concentration, serves ag a conbinuously acting control agent
regulating the immune response (915).

In recent years increasing evidence has been accumulating

that genetic, hormonal and other factors influence immunological

reactivity. Because of the limited extent of this survey and the
still rudimentary nabture of knowledge of these topiecs, they have
not been included in this survey, but relevant data are cited

in appropriate sections.
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