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INTRODUCTION
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An increasing number of reports during the Dast decade have 

suggested a positive, though far from perfect, correlation between 

carcinogenicity and the ability of a side variety of carcinogens 

to impair the immune status of the host. In addition, those con

ditions resulting in the suppression of the immune reaction of 

the host, including the use of immunosuppressive drugs with 

transplant patients, seem to foster the incidence of cancer 

[St jernsward, 1969]. Burnet [1961] has suggested that the evo

lutionary significance of the immune response is that it enables 

the elimination of mutant somatic cells, which might otherwise 

form neoplasms. Then, possibly carcinogens have a dual mechan

ism, on one hand causing the production of abnormal cells, and 

on the other, interfering with the surveillance mechanisms of 

the host that may otherwise have eliminated those cells. Surely 

the most potent ’’theoretical'’ carcinogen would be one capable of 

both, but as Klein [i960] has noted, both need not necessarily 

be a part of a single action. Immunosuppression could, then, be 

a "secondary" mechanism permitting the survival and growth of 

the possibly antigenic tumor cells produced by the "primary" 

action of the carcinogen.

A number of complex hydrocarbons have been shown to be 

capable of both initiating tumors and depressing antibody levels 

in experimental animals. An although the mechanisms through 

which they accomplish such feats are far from simple and little 

understood, chemical carcinogens lend themselves to study much 

more easily than physical or viral carcinogens; they are far 

more predictable, and their mechanisms, through studies of their 

chemical properties, may more easily be decoded.
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A number of questions arise from these relationships: What 

is the correlation between carcinogenicity and suppressive ability 

and what do these two processes share that causes the correlation9 

What property is it that chemical, physical, and viral carcinogens 

hold in common that allows them to perform essentailly the same 

actions? Do carcinogens differ from other antigens in respect 

to their effect on the immune system, and if so, why? When in 

the course of cancer does immunologic suppression first become 

manifest, and which facets of the immune system does it effect?

My study has been performed with and in reference to chemi

cal carcinogens and has been directed toward the last of the 

questions posed above. Specifically, then, my inquiry deals 

with 3-methylcholanthrene*, its carcinogenic abilities and its 

effect on the immune resoonse.

A study of immunosuppression by a carcinogen necessarily 

has its basis in at least three fundamental concepts: The immune 

system, the carcinogen, and their interaction. In order that any 

understanding of the last of these be achieved it is necessary 

to first grasp the basics of the first and second. For this 

reason I have set aside the first two parts of Chapter I as an 

introduction to these two concepts. Since nearly all research 

proceeds, at least in part, by the reorientation of pre-existing 

ideas and experiments, a review of literature is always of value. 

The third part of Chapter I consists of such a review concerning 

the interaction of the immune system and carcinogens.

*3-methylcholanthrene is also referred to as 20-methyl- 
cholanthrene by many researchers.
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Chapter II consists of an outline of the exoerimental proce

dure that I have followed and of a presentation and statistical 

interpretation of the results of these experiments. It will be 

left to Chapter III to interpret and discuss the value of these 

results in light of those obtained by others and the relation

ships between the results of individual experiments.

At this time I would like to express my thanks to my readers, 

Dr. J. Manion, Dr. V. Palese, and Mr. G. Bugni, for their patience 

and helpful criticisms; to Mr. H. Palmer for his assistance in ob

taining reference materials, to Dr. J. Stimpfling, McLaughlin 

Research Institute, for providing the necessary carcinogen, and 

to my family for sharing their home with assorted animals during

vacations.



CHAPTER I: Review of principles involved in this thesis



Part 1: Chemical Carcinogenesis

A vast body of evidence for the carcinogenicity of various 

hydrocarbons has been accumulated.[see Clayson,pp.135-155]. Few 

of these compounds have been examined adequately however, and 

thus the task of determining common properties of the active 

compounds and of showing how these are reflected in their inter

action of the carcinogen and the host is made difficult. The 

suggestion that carcinogenesis may consist of two or more stages 

and that carcinogens may have unequal effects on different stages 

is a further complication [Clayson, i960]. Different properties 

of a carcinogen may govern its action at each stage and a rela

tively impotent carcinogen may only be deficient in its ability 

to act at one stage. What follows is a review of attempts made 

by various researchers to establish some sort of correlation 

between the tumor inducing capabilities of hydrocarbons and their 

chemical properties.

Hewett [1940] noticed that most of the hydrocarbons known to 

be active at that time were complex derivatives of phenanthrene. 

Later Badger [1954] pointed out that most of the carcinogenic 

molecules could be represented by a composite formula in which 

the solidly drawn bonds were obligatory and the dotted bonds 

optional. The formula below is a modification of the formula

that he proposed and is though^ to be more comprehensive:
/
I 
1K

figure 1 [from Clayson, p. 155]

Robinson [1946] developed the idea that the phenanthrene type of
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structure was important by suggesting that carcinogenic activity 

was a property of the phenanthrenoid bond (the 9,10-bond in phen

anthrene) which had to be activated by suitable substituents.

This proposal may well have been the basis on which French work

ers developed their "electronic theory" of carcinogenesis [Pul

lman and Pullman, 1955]. Not all carcinogenic hydrocarbons are 

derivatives of phenanthrene, however. The dibenzaflourenes and 

9,10-dimethylanthracene, for example, are strong carcinogens 

but have no phenanthenoid bond. Possibly then the idea that this 

bond is important is incorrect or there may be more than one way 

through which hydrocarbons induce cancer.

The majority of carcinogenic hydrocarbons are planar mole

cules and it has been assumed that planarity is essential for 

carcinogenicity. The planarity of an aromatic molecule can easily 

be destroyed by reduction and such reduced comnounds are often 

inactive. However, the inactive reduced compounds differ from 

their active, fully-unsaturated counterparts in two ways: First, 

the planarity of the molecule is destroyed, and second, the aro

matic systems consisting of 4 or 5 fused benzene rings are con

verted to aromatic systems containing only 2 or 3 fused rings, 

compounds in which it is unusual to find carcinogenic activity 

[Clayson, I960]. It is not apparent which factor is responsible 

for the loss in activity. Slight distortion of the molecule is 

apparently not detrimental to activity because 3,4-benzaphenan- 

threne,for example, has been shown to be slightly non-polar and 

is carcinogenic to the skin of mice [Herbstein, 1954].

A large percentage of active compounds have at least one

methyl group in their structure. The apparent decrease in
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activity of compounds in which a methyl group was replaced by 

an ethyl or larger alkyl group has been attributed to steric 

effects, as well. However,more need be known about the nature 

of the interaction of carcinogen and the host before any gener

alization be made, for many apparent exceptions to the suggestion 

above may be found. For example, the induction of subcutaneous 

tumors in the mouse appears to be more susceptible to the effects 

of the larger alkyl groups than does the induction of skin tumors 

[Stjernsward, 19^93.

For the most part the explanation of carcinogenesis by com

plex hydrocarbons has relied on the "electronic theory" mentioned 

above,but it is important to note that the mode of interaction 

of the tissue and the carcinogen at the molecular level is still 

largely unknown. The electronic theory starts from the premise 

that the fundamental step is a chemical reaction rather than a 

physical interaction such as adsorption on a surface. When a 

carcinogen and a tissue component combine, energy must be supplied 

to bring both into a suitable state for reaction. This is known 

as the energy of activation of the reaction. It is possible with 

some tupes of chemicals to calculate the amount of energy required 

to bring the molecules into their active states. Studies of the 

French workers, reviewed by Pullman and Pullman [1959], represent 

an attempt to calculate these activation energies. These workers 

assumed that the activation of.the molecule depends on the per

turbation of the most stable structure of the polycyclic hydro

carbons—the resonance hybrid, and suggest that this perturbation 

may take one of three forms, depending on the type of chemical

reaction in which the molecule is involved. Normal substitution
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reactions depend on the attack of a reagent at a particular car

bon atom. In this case the amount of energy required to localize 

two electrons at a single carbon atom in the benzene ring, and 

thus disrupt the balance of the resonance hybrid, can be calcu

lated and is known as the "Carbon Localization Energy" (CLE). 

Reaction with a double‘bond, such as the phenanthrenoid bond is 

supposed to require the localization of two of the available 

electrons on that bond. This gives rise to the "Bond Localiza

tion Energy" (BLE). A final activated state in which two elec

trons are located simultaneously, one at each of the para posi

tions in the benzene ring gives rise to the "Para Localization

(figure 2$ [from Clayson, i960]

Pullman and Pullman [1959] concluded that in carcinogenic mole

cules the energy of activation of the phenanthrenoid bond, called 

the K or Krebbs region, must not exceed a certain value, while 

the activation energy of the L or meso-anthrenoid region must not 

exceed another limit. The K and L regions of a typical hydrocar

bon, 1,2-benzanthracene, are illustrated below:

[from Clayson, i960]

In simplest terms, the Pullman* statement means that the K region
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must be able to react with the tissue whereas the L region must 

be relatively inert. They suggested that the reaction at the K 

and L regions takes place in two stages. In the first stage, an 

addition occurs at the most reactive carbon atom of the region 

and the ease with which this takes nlace is governed by the CLE 

of the atom. The second stage consists of an addition which 

depends on the BLE or the PLE of the region.

The success of any theory depends on its ability to explain 

the established facts and to predict the results of further ex

perimentation. With the possible exceptions of 3,4-benzphenan- 

threne, whose slight distortion for a normal planar molecule has 

already been noted, and which might affect its exception, and 

1,2-benzanthracene, all known carcinogenic compounds fit the 

electronic theory and the majority of the inactive compounds that 

it predicts, are in fact, inactive. There is,however, one objec

tion to the theory—it tends to ignore the possibility of the 

physical effects of the carcinogen, though possibly a considera

tion of this fact will only strengthen the ability of this thery 

to predict carcinogenic compounds [Clayson, I960 and Busch, 1962]

What then are the effects of this chemical capacity of the 

carcinogen and with what mechanisms of the cell does it interact 

in order to cause neoplasms? Nearly every cell component has 

been seen to be affected by one carcinogen or another. For exam

ple, the cell membrane in malignant cells is found to differ in 

surface potential from that of normal cells [Hause, 1970], and 

the centrioles of the cancer cell have been found to be at unusu

al angles to each other and at varying distances from one another 

Qfchafer , 1970], The cell component most often examined and
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referred to in a study of carcinogenesis, however, is the DNA of 

the nucleus and its product, messenger RNA.

Evidence that chemical carcinogens have an effect on DNA has 

been presented by many different investigators. One such inves

tigation was made by Joneja and Stich [19633» They reported that, 

after dimethylbenzanthracene (DMBA) injections, several abnormal 

cell types having either aneuoloid chromosome numbers or abnormal 

chromosomes appeared in the thymus of mice. These cells divide 

and form clones recognizable by specific marker chromosomes or 

by a particular aneuploid chromosome number, demonstrating that 

deviations of the chromosome complement from the normal diploid 

constitution do not always lead to a loss of proliferative capa

city and therefore these cells could take part in the rampant 

growth of cancerous tissue. Also of interest is the suggestion 

by these authors that certain factors present in the spleen and 

bone marrow could suppress the proliferation of the genetically 

abnormal cells which would multiply in the environment of the 

thymus. The table below shows the incidence of abnormal cell 

types that Joneja and Stich found in the thymus of mice injected

at birth with DMBA:
Freauencv of various abnormal cell types in the thymus of mice 

injected with DMBA at birth.
Mouse No. Chromosome numbers Abnormal Chromosomes

“SWric Long41 42 43
27.4 .—

126 32.7 5.3 — -------- 11.5 --------
10s 7.9 10.5 —
121 15.1 — — -------- -------- B9.4

(figure 3) [Joneja and Stich, 1963]

Two theories have been proposed as to the nature of the inter

action between carcinogens and DNA. The findings of Joneja and
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Stich support the first, which suggests that the interaction 

between the carcinogen and DNA results in mutation of the DNA 

through single or double stranded breaks in the DNA helix. The 

carcinogen appears to break DNA strands by facilitating depur- 

ination or depyrimidation which has the effect of labilizing 

the sugar-phosphate backbone of the DNA molecule [Fishbein, et. 

al.]. The second hypothesis rests on the belief that it is not 

a mutation of normal DNA to cancer DNA but simply a ’’switching 

on" of cancer loci which' are assumed to be Dresent in virtually 

every cell. The fundamental role of the carcinogen in this 

process of initiation of neoplastic disease is visualized by 

one of three possible mechanisms [Busch, 19o2]. Cancer loci 

in DNA or the specific cancer DNA capable of producing the neo

plastic process is released from a suppressed state by a vari

ety of combinations of carcinogen with either the DNA or the 

suppressor. The first possibility is that the carcinogen attaches 

to the inactive cancer DNA itself. This DNA is still combined 

with a suppressor and hence, it should still be inactive, but 

is somehow altered by the presence of the carcinogen and is 

capable of coding for cancer protein. A second possibility is 

the combination of the carcinogen with both the suppressor and 

the DNA, and as in the first case would weaken the suppressive 

ability of the suppressor by somehow disturbing the bond between 

DNA and the suppressor. The third possibility postulates the 

displacement of the suppressor from the surface of the DNA. The 

suppressor is either "pushed off" the DNA molecule by the car

cinogen or is combined with the carcinogen long enough to remove 

it from the surface of the DNA. This last process would obviate
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the need for a stage of promotion, generally considered to be 

the second stage in the production of neoplastic disease, because 

the DNA in this third type of reaction would already be active.

The stage of promotion in the neoolastic process is related 

to the release of the suppressor, and thus the release of active 

cancer DNA. Such DNA .might either be attached to the carcinogen 

or might be free of both the carcinogen and the suppressor. In 

the combination indicated in "suppressor release", the promoting 

agent would produce a change such that there would be an alter

ation of bond strength between suppressor and carcinogen-linked 

DNA with a resultant release of the suppressor. In the second 

type of complex, a combination has occurred involving the sup

pressor and the carcinogen; the promoting factor would enhance 

the breaking of the bond between the carcinogen-suppressor com- 

nossible mechanisms are diagrammedplex and DNA. The thr< 

below in figure A .

CANCER DNA

ACCELERATOR PROTEIN

SUPPRESSOR PROTEIN

CARCINOGEN

CA RNA

ACTIVE CANCER DNA (SUPPRESSOR REPLACEMENT)

Fig. 5.4. Stage of initiation of carcinogenesis. Three different possible types of 
attack on suppressed cancer DNA by the carcinogen are indicated: (I) is a com
bination of carcinogen with DNA, which remains combined with suppressor; (II) is 
a ternary combination of carcinogen with DNA and suppressor; (III) is a replace
ment of the suppressor by the carcinogen.

(figure A) [from Busch, 1962]
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this concept suggests that active cancer DNA would initially be 

a single genetic locus in the cancer cell. The locus would be 

very small thus, the reaction rates involved in the stage follow- 

promotion would be very slow because of the small amount of 

cancer DNA available. In this stage, the stage of progression 

or acceleration, the .cancer DNA which was slowly formed over a 

long period of time, is now released from the inhibition and 

slowly forms cancer RNA.

The function of the cancer RNA would then be to induce the 

slow formation of cancer protein which is shown in figure 4 to 

be able to fit as a "cofactor" in DNA. As a cofactor, the cancer 

protein would be able to activate and accelerate the process of 

formation of cancer RNA which would in turn further accelerate

the formation of cancer protein.

These changes would be reflected in altered mitosis, increased 

amounts of abnormal DNA, increased formation of abnormally large 

amounts of RNA, and the formation of abnormal nuclear oroteins.

While the theoretical bases for neoplasia presented above 

make up a general statement of what might be occurring, they 

will onlyfee of value inasmuch as they can be used as the basis for 

experimentation, to be proved or disproved.
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Part 2: The Immune Response

Although many aspects of the immune response are well-esta

blished, they are difficult to interpret and many times the same 

evidence has meant different things to different researchers.

To date, no comprehensive theory of the mechanism of this re

sponse has established itself as generally accepted in spite of 

or possibly as a conseauence of, the specialization of scien

tists studying the response. The growing interest in the field 

of immunology has led to its subdivision.

Work dealing particularly with the nature of antigens, the 

chemical properties of immunoglobulins, and the reactions between

antigen and antibody has come to lie under the subdivision-----

"Immunochemistry.'* Studies on such bilogical aspects as the pro

duction of antibodies and the participation of certain cells in 

that production, as well as the biological manifestation of the 

response, have been designated as "Immunobiology." [Abramoff and 

La Via, 1970], It seems as if two camps have been set up and 

the theories oroposed by one are sure to be rejected by the

other.

ANTIGENS: In literature the word "antigen" has been used in two 

senses: first, to denote a substance which when introduced 

parentally into an animal will cause the production of anti

bodies; and second, to denote a substance which reacts in some 

way with antibodies. The latter would include all of the first 

class, but the reverse is not so. There are a number of sub

stances which, although they are known to react with antibodies, 

have been shown to be unable to produce antibodies when injected 

into experimental animals [Quinn, 1968], Some researchers



consider a substance to be antigenic only if it causes the pro

duction of an antibody, while others would consider any agent 

recognized as ''non-self” by the immune system to be antigenic. 

The latter interpretation seems to be the more accurate in light

of the importance that authors now olace on both humoral or sero' 

logical and tissue (cell bound) resoonse to antigens. Many of 

the former cannot be identified as antibodies with present tech

niques.

Generally the more_incompatible a foreign substance is with 

an animal's tissue, the more dramatic the immune response that 

it will elicit, provided that the toxicity of the antigen dose 

not overwhelm or inactivate the immune recognition system. 

Especially in smaller animals, the effective dose of a "good" 

antigen is no more than a microgram of pure substance, while 

much larger single doses may overwhelm the animal's immunologi

cal mechanism to the extent that "immunological paralysis” pre

vents the further production of antibody against the particular 

antigen used [Quinn, 19631. A similar specific inhibition of 

the immune response, called "immune tolerance” may be produced 

in embryonic or neonatal animals on contact of relatively small 

amounts of antigen with the tissues of these immunologically in

competent subjects. In both immune paralysis and immune toler

ance, the blocking of the response is specific so that antibody 

production may still occur against a different antigen from the 

nne used to produce paralysis or tolerance [Quinn, 1963].

The majority of antigens appear to be polypeptide in nature, 

or are at least associated with polypeptides, but recent studies 

have suggested antigens that seem to be entirely lipid, poly-
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saccharide, or nucleotide in nature [Abramoff and La Via, 1970],

The numbers of these naturally occuring antigens is easily out

distanced by those that may be artificially Droduced. The for

mation of synthetic antigens may occur readily from chemical 

modification of a nonantigenic substance either in vivo or in 

vitro, and the antigenicity of the new product may be decreased 

or increased from that of the original. One other class of 

antigens has been discovered and its members, too, would seem 

innumerable. Hany drugs and other "reactive chemicals" which 

bind to globulin and albumin somehow transform normally non

antigenic molecules into antigens against which specific anti

bodies are formed [Quinn, 1968],

The fact that many factors influence the nature of the immune 

response to a give substance, makes difficult the characterization 

of a substance as "antigen" or "non-antigen." Such factors in

clude genetic variability, dosage and vehicle used in the admini

stration of the antigen, the immunological status of the host, 

and the duration of the antigenic stimulus [Stjernsward, 1969, 

and Ball, 1970].

Many cells have a number of effective antigens on their sur

faces. Such antigens may be detected by serological techniques 

including cytolytic reactions, comnlement fixation, and floures- 

cent staining [Quinn, 1968]. This information then may lend it

self to the study of the steric relationships in antigen-antibody 

reaction and may also aid in the classification of cellular anti

gens and give an indication of the pathogenic factor of the dis

ease agent.

In addition to their significance as a diagnostic technique
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and their immunogenic significance, antigens play what is per

haps their most important role as prophylactic agents. Immun

izing agents in the forms of vaccines or bacterins, and more 

recently synthetic comoounds, are under investigation with hopes 

of finding treatments for a number of diseases. An understand

ing of the "natural" immune reaction would allow refinement and 

expansion of such "man-controlled immunity."

ANTIBODIES: Antibodies are specific proteins, usually globulins,

ranging in molecular weight from 1,000 to 1,000,000, which are 

synthesized by the reticulo-endothelial system and its associated 

cells. Antibody is stable only when held within a narrow set of 

limits of physical and chemical environmental conditions [Quinn, 

19681. Treatment such as storage in glassware which at some time 

has held inorganic comoounds or shaking serum until foam forms 

can denature the active groups of antibody molecules [Abramoff 

and La Via, 1970}. Having overcome many of the difficulties of 

handling antibodies, the biochemist has learned much about the 

structure of antibody and it is now possible to recover a specif

ic antibody with 80 to 100 percent ourity and full activity. Even 

with such refinements in technique however, "normal" gamma-globu

lin and immune gamma-globulin are still not distinguishable from 

one another. Their differences are too subtle for present day 

immunoglobulin detection techniques. This fact indicates that 

there is less than a 10 percent dissimilarity in the order and 

arrangement of their components [Quinn, 1968].

A wide variety of antibodies are produced during the course 

of an immunization. The most easily studied are antibodies pre

sent in the serum, but others have been postulated to exist which
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are cell-bound or are in some other wav orevented from entering 

the circulatory system [Storee, 1955]. Following the first dose 

of an antigen, the first antibodies to appear in the immune-serum 

are predominantly divalent (complete), highly specific, soluble, 

gamma-globulin type proteins that are canable of reacting with 

the homologous antigen in any form that it may assume. However, 

with extended exposure to the same antigen, this exact immuno

logical response becomes blurred. IncomDlete or univalent anti

bodies are produced, cross-reactina antibodies that may react 

with antigens which are chemically different from the immunizing 

antigen may form, and serum Droteins other than gamma-globulins 

may make un a considerable portion of the "antibody pool" [Quinn, 

19683. While this succession of new tyres of antibody is being 

produced in response to continued antigenic stress, the initial 

antibody tyres may decrease in abundance or disaprear entirely 

from the serum.

When antigenic stimulation of antibody production ceases, 

a rarid decrease of circulating antibody is seen, but the capa

city for the rroduction of the srecific antibody is retained.

This is clearly demonstrated, by the anamnestic or recall reac

tion in which a second encounter with homologous antigen stimu

lates intensive synthesis of the corresronding antibody; the 

amounts of circulating antibody often exceed those found during 

the primary response. Not all the antibody that appears during 

the recall reaction will be specific for the booster antigen.

In fact, an aooreciable increase in levels of antibodies active 

against comoletely unrelated antigens is commonly observed 

[Quinn, 1968]. Whether these heterologous antibodies are newly
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synthesized in response to a nonspecific anamnestic stimulus 

or are released from some storage area for pre-formed anti

body is unknown [Abramoff and La Via, 1970].

Evidence indicates that leukocytes comprise the only tissue 

that is capable of antibody svnthesis, but it is not at all cer

tain which of the many, types of leukocytes are immunologically 

competent. Different kinds of antigens stimulate different pat

terns of leukocyte proliferation, which are in some cases so 

distinctive that they can be used as diagnostic markers indi

cating the presence of specific antigens. The granulocyte is 

usually most predominant at the onset of antigenic stress and 

is extemely active in ohagocytosis of antigen particles. It 

may be, that if the granulocyte is efficient in removing ahd 

digesting antigens, that the immune response by non-granulo

cytes could be by-passed [Quinn, 1968]. Work with cultured leu

kocytes indicates that antigens mav be "activated" by monocytes 

that are incapable of synthesis of soluble antibody. Such acti

vated antigens are then conjugated with the RNA of the monocytes 

or macrophages which is capable of transforming cultured non- 

immune lymphocytes which can form specific antibody against the 

test antigen.

Antibody synthesis by immunologically competent leukocytes 

follows a period of intensive mitotic activity and differentia

tion, finally producing a non-dividing, specialized cell that 

is often described by the term "immunocyte" [Quinn, 1968]. Anti

body formation then appears to be stimulated in pre-immunocyte^, 

the non-immune lymphocytes, by the presence of antigen during

mitosis of these cells. The differentiation is thought to occur
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during three consecutive mitoses, and the immunocyte that emerges, 

though amitotic, shows increased metabolic activity along with a 

parallel increase in the number of mitochondria [La Via, 19^5]. 

Immunocytes then are capable of and restricted to the production 

of specific antibodies. Therefore, the number of different anti

gens against which specific antibodies may be produced can only 

be as many as the number of preimmunocytes present at the time 

of entry of the antigen.

The origin of preimmunocytes is thought to be the thymus 

[Quinn, 1968], So it is the thymus and the "stem cells" within 

it which are capable of producing preimmunocytes, that are the 

basic requirements for the immune response—the ability to recog

nize an antigen and to react, generally, by producing antibodies.

The reaction may be manifested by a number of local hypersen

sitivity phenomena other than antibody production, for example, 

the development of erythema, smooth muscle contraction (respon

sible for anaphylactic shock), proliferation of cells, and even 

local cell death [Quinn, I96S]. Southam [196L] has classified 

immunochemical reactions as specific or nonspecific and as cel

lular or humoral reactions. Under the cellular reactions are 

included the phagocytic activity of macrophages and polymorpho- 

nucleocytes, and the production of antibodies by lymphocytes.

The production of histamine and serotonin are examples of humoral

reactions of the cells. The non-specific humoral reactants in-
%

elude a broad group of circulating substances such as complement 

and leukotoxins. The soecific mechanisms include the antibodies 

which have different types of actions. These include agglutins, 

lysins, complement-fixing antibodies, precioitins and neutralizing
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and protective antibodies. How and why these specific types are 

Droduced is thought to depend on the antigen. The immune response 

to a specific antigen is a complex process that begins with the 

initial introduction of an antigen and generally ends with the 

production of an antibody. This process involves many steps, 

some of which are under genetic control, and researchers have 

yet to explain the genetic origin of antibody formation, vari

ability, and specificity.

Any theory of the immune response has to explain the two 

"salient” features of the process—sensitization or the primary 

response, and the anamnestic or recall response. During the past 

decade two basic theories of immunity have evolved; one emphasizes 

the chemical properties involved; the other, the biological. The 

chemical approach, the ’’template theory”, has had its main pro

ponent in Linus Pauling. His hypothesis follows the following 

outline: The antigen, once it enters the circulatory system and

encounters a leukocyte,is absorbed by that leukocyte. The nucleus 

of the leukocyte, like all nuclei, contains strands of DNA bearing 

genes. In normal operation some of the genes are inactive while 

others serve as templates for building the molecules of messenger 

RNA which in turn serve as templates for construction of protein 

molecules. Each gene is specific in its production of proteins.

The theory holds that the antigen particle is somehow absorbed 

by the leukocyte and takes the place of m-RNA produced by the 

genes, thus the antigen serves as the specific mold for its own 

antibody, which may then pass into the blood stream where they 

combine with and destroy homologous antigen still present in the 

circulatory system. Modifications of this theory give an essential
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role to amoeba-like cells called macrophages. It is Dostulated 

that the macrophages engulf the antigen oarticles, break them 

down into fragments and pass them on to the other leukocytes. 

Electromicroscopy has given a great deal of suoport to this theory. 

Leukocytes have been seen crowding around the macrophages which 

appear to form tubular, connections with the leukocytes. Material 

has been seen flowing through these connections [ Abramoff and 

La Via, 1970].

Prooonents of the biological or "clonal theorv" deny that 

the template theory fits the modern theories concerning the nature 

of the antigen and antibody. Antibodies are proteins and all oro- 

teins must be "read" from DNA bv RNA. Antigens are also thought 

to be predominantly oroteins; and unless the antigen is an exceo- 

tion and was a ribonucleic acid or possibly DNA, how can it uosurp 

the role of both DNA and RNA without raisina the possibility of 

cellular anarchy? And by what mechanisms is the secondary response 

achieved under this theory? There is a modification of the tem

plate theory that does explain to some extent these challenges 

by the "clonal theorists." Workers under Dr. B. Askonsas [1969] 

have noticed that antigen fragments, often not anti erenic by them

selves, are found in the body joined to a form of RNA. Small 

amounts of this RNA-antigen complex are theorized to persist inde

finitely. The modification postulates that the macrophages syn- 

thesixe this RNA and combine it with the antigen fragments before 

passing it on to the leukocytes which then behave as if the macro

phage RNA-antigen complex were its own RNA.

Still little emohasis is placed on the genetics of the cell 

by the template theory and so biologists have proposed the"clonal"
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theory. This theory is based on the hypothesis that the blood 

stream holds a vast variety of leukocytes and that for every pos

sible antigen, there exists a small group of these cells, which 

bear the necessary active genes for the production of an appro

priate antibody. The meeting between the antigen and one of these 

leukocytes stimulates1 rapid cell division of the leukocyte, pro

ducing a '’clone” of genetically identical daughter cells which 

proceed to produce the necessary antibody.

After the primary response, some daughter cells remain, in

creasing the orobability of a new member of the same antigen meet

ing the right leukocyte and hence making the secondary reaction

faster.

Certainly the clonal theory fulfills the requirements of gene

tics-----DNA is the source of antibodies, but there are at least two

obvious drawbacks to the theory. First, how does a specific anti

gen stimulate the reproduction of a soecific leukocyte and second, 

how could an organism be ready to tackle the millions of possible 

antigens,natural and synthetic, with ore-formed specialized cells 

without cutting down on the efficiency of one of its other func

tions? To date, no modification of this theory has explained 

these difficulties. Since neither theory is completely satisfac

tory, then oossibly the answer lies between the two.

IMMUNOSUPPRESSION: Perhaps the most meaningful study of iirununosup- 

pression is one that will tie immunosuooression to one specific 

step in the normal immune response. Form the discussion of the 

immune system above, then, this discussion eill be concered with 

the possibility that immune supnression occurs directly at the 

level of production of pre-immunocytes or of the production of
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the immunocytes themselves and indirectly the Droduction of anti

bodies or at the level of antigen involvement.

The pre-immunocyte is believed to arise from a relatively un

differentiated stem cell. Although the process by which this 

occurs is not understood, it is believed to depend on the thymus 

as mentioned above. This belief has led many researchers to 

study the effects of thymectomies in a number of experimental 

animals. The results of their investigations have indicated the 

importance of the thymus in neonatal subjects in maintenance of 

immunologic competence. But, studies of the immunosuppressive 

effects of thymectomies in adult animals have led to no genera 

statement of importance or function. One exception is of soecial 

importance here. Miller has reported that the persistence of 

normal immune response in the adult mouse is dependent upon the 

continued presence of a thymus which serves as a source of ’’stem 

cells'* and/or as a mediator of their differentiation into ore- 

immunocytes,[Miller, 1965]. The removal of the Bursa of Fabricius 

in birds has produced much the same effect as the normal case of 

thymectomy.

There is much evidence suggesting that most of the circula

ting antibody produced during immune resoonse is elaborated by 

the spleen. Therefor^, it can be expected that the removal of 

the spleen results in lower levels of antibody production. The 

greater importance of the spleen as a site of antibody production 

over other sites seems to be related to the fact that the lympha

tic connections of the spleen with other regions in the body are 

more extensive than those of other production sites [Abramoff and 

La Via, 1970]. Whether the spleen is actually a source of stem
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cells or simoly a storage bin for nre-immunocytes is not known

at this time.

Elimination of preimmunocytes accomplished by drainage of 

lymDh nodes (via the thoracic duct) severly depresses the response 

to an antigenic challenge. If such an elimination was undertaken 

after the primary challenge and a second challenge was administered 

it was found that "immunologic memory" was impaired and the char

acteristic secondary or recall response did not occur [Abramoff 

and La Via, 1970]. This suggests that it is not iminunocytes but 

ore-immunocytes that are responsible for immunologic memory.

A number of chemicals, particularly alkylating agents, are 

capable of depressing the immune response even if administered 

several days after the injection of the antigen. It is thought 

that this is due to an inhibiton of antibody sysnthesis by immuno- 

cytes [Abramoff and La Via, 1970].

Antimetabolites have been shown to block RNA synthesis and 

subsequent RNA-dependent synthesis of antibodies. Antibiotics 

anoear to act in much the same manner or may alter the DNA so 

that the RNA is Produced in decreased amounts or in abnormal 

forms. The effect of treatment with steroids on the producticn 

of circulating antibodies has been studied by manv investigators 

and the paths by which they inhibit the immune response are many, 

[Abramoff and La Via, 1970].

At the level of antigen involvement, immune paralysis and 

tolerance have already been discussed as suppressors of the 

immune system. There are two other mechanisms which affect the 

uptake of antigen or its interaction with immunocytes. First, 

and Neter [1969] have suggested that, in cases where normal serum
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deoresses the immune response, there is an interaction between 

serum and antigen which prevents antigen uotake. The other 

mechanism referred to is known as ’’antigen comoetition.” This 

phenomenon occurs when the antibody response to one antigen is 

reduced by a orior, or occassionally a subsequent, injection of 

a second, unrelated antigen. Antigen competiton has been observ

ed with a number of different antigens and in a wide assortment 

of species, but a satisfactory explanation has yet to emerge.

There are two different hvootheses oroposed to explain antigen 

competiton, each with its own implication for the different theories 

of antibody formation.

According to the first hypothesis, suppression is mediated 

by a humoral factor produced in response to one antigen which 

could repress the response to another antigen. A modification 

of this theory suggests that the humoral factor produced in re

sponse to the first antigen is necessary for antibody produc

tion and is exhausted by the production of antibodies against 

the first antigen, [Waterston, 1970*1. The modification however, 

does not explain immune suppression when a second, subsequent 

antigen is administered and found to depress the reaction to 

the first. The alternative hypothesis suggests that the compe- 

tion is for the multipotential ’’stem cell", the partial exhaus

tion of which depresses the immune reaction to the"second"anti- 

gen (not necessarily the second antigen administered).

The fact that the second antigen administered may shadow 

or depress the reaction to the first would seem to suggest that 

the first of these explanations is the more likely.

So there are means of inhibition the immune response at every
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level and it is interesting to note that just as several car

cinogens may both iniate and inhibit the growth of tumors, some 

of the immunesuppressants mentioned above may occassionally en

hance the immune response [see Abramoff and La Via, p.301, 1970]
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Part 3: Immunosuopression by Carcinogens

There are few scientists in the world today who believe that 

cancer is not in some way linked with a failure in the immune 

system. Evidence has accumulated during the past few years 

which shows that experimental tumors induced by chemical car

cinogens contain tumdr-specific antigens [Stjernsward, 196$].

The question arises, then, as to how antigenic tumor cells can 

multiply and develop into neoplasms without bed ng eliminated by 

the hosts immune resoonse.

Although immunochemical changes are more often considered 

to be involved in the orogression of cancer, experimental evi

dence suggests a major role for such changes during the inception 

of cancer, as well. If immunosuppression occurs only in parallel 

with the aopearance of antigenic tumor cells, a depression of 

the immune response would be seen only after the latency period 

of the carcinogen, which may be several months, rather than
I

within the short period of time in which it has been observed.

There have been a number of such observations with both 

mature and neonatal mice. Malgrem, et.al. [1952] reported the 

occurrence of reduced antibody titers in mice treated with car

cinogenic agents but not in those treated with non-carcinogens. 

Prehn and Main [1957] showed that a carcinogen could interfere 

with homograft rejection and stimulate the growth of first trans

plant generation tumors. Stjernsward [196$] demonstrated that 

various carcinogens could deoress the number of antibody oro- 

ducing cells in the spleen, non-carcinogens were without effect. 

These observation and others have led to a number of hypotheses 

concerning the "how and why" of immunological suppression by
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carcinogens. Each hypothesis has its limitations and no "one” 

of those presented below has been as accepted as the general 

mechanism.

GENERAL TOXICITY: Inhibition of the immune resoonses is a 

soecific effect of a restricted class of agents. Many other 

substances, even when administered in lethal doses, do not 

affect antibody production [Malgrem, et.al.,1952]. This plus 

the fact that for all agents investigated, the effect on the 

immune system’s response showed a marked dependence on timing* 

[Berenbaum and Brown, 1964], indicate that general toxicity 

cannot account for immunological suppression.

"STEM CELL"DESTRUCTION: The permanent immunosuppression 

witnessed after neonatal injection of a carcinogen is thought 

by some to be due to the elimination or suppression of the 

capacity of stem cells for differentiation into lymphocytes or 

pre-immunocytes [Ball, 1970]. Such an interpreation would be 

supported by Stjernsward*s finding [1966] that methycholanthrene 

in carcinogenic doses depresses the number of immune competent 

spleen cells and that Bacillus Calmette-Guerin, which influences 

the immune status of the host by increasing the number of immuuno- 

ologicallv active cells, delayed and sometimes totally inhibited 

methylcholanthrene’s effect.

INHIBITION OF ANTIGEN UPTAKE: Malgrem et.al.,[1952] observ

ed that rates of phagocytosis are little affected by doses of 

carcinogens which profoundly inhibit antibody production. Further

more , interference of antigen uptake cannot be responsible for

*timing refers to the order in which antigen and carcinogen 
are administered and to the affect of that order on immune sup
pression. With a number of carcinogens, the carcinogen must be 
administered before the antigen if immunesuppression is to be 
seen. However, with others antigen may be administered before 
or after the carcinogen and the carcinogen still will affect the 
immune response
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the action of agents that denress the immune process maximally 

if given 2 or 3 days after immunization with an antigen. These 

data shed doubt on the hypothesis that immune suooression may 

be due to decreased antigen uptake. Further, some agents such 

as cholchicine decrease the rate of phagocytosis, but do not 

inhibit antibody production [Berenbaum, 1964].

INHIBITION OF IMMUNOCYTE PROLIFERATION: It has already been 

noted that a rapid multiplication of lymphocytes is usually inclu

ded among the early stages of the immune response. A number o 

carcinogens have been found to inhibit cell proliferation [Ber

enbaum, 1964] (and hence, have frequently and mistakenly been 

used in chemotheraohv for cancer). One mivht exoect that immuno

logical depression by these avents is due to the inhibition of 

the proliferation of these immunocvtes. But if one examines the 

effects that a number of carcinogens have on the response, no 

clear pattern is observed. This lack of pattern, particularly 

in '’timing", indicates that inhibition of immunocyte prolifer

ation cannot fully explain immunosuppression by carcinogens.

For example, there is no obvious reason why x-radiation has its 

greatest effects on the immune system if administered before the 

antigen, while other events best depress the immune reaction if 

administered after the antigen.

DESTRUCTION OF LYMPHOID CELLS: A great many agents are capa

ble of destroying the lymphocytes which are responsible for 

antibody-production [Berenbaum, 1964], But there are agents 

that effectively depress the immune response but have no effect 

on lymphocyte population, and vice versa. Further, an examin

ation of the monophasic and biphasic patterns of the effects of
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carcinogens on the resoonse rules out this destruction as a 

general mechanism for immunosuppression.

DESTRUCTION OF ANTIBODIES: Last in the steps of antibody 

production are the antibodies themselves. Experimental data 

has shown that none of the carcinogens examined destroyed or 

inhibited the action of pre-formed antibodies in vitro or in 

vivo [Malgrem, et.al., 1952].

The immunosuppression witnessed with the appearance of a 

tumor is thought to depend on ore-occupation of the immune sys

tem with the tumor. But surely once a cancer cell population 

has appeared a new problem arises which involves such things as 

cell mutations and toxohormones. But this idea of '’preoccupa

tion'’ may apply to immunosuppression even before the cancer cell 

appears.

The mechanisms of carcinogenesis, as noted before, may involve 

chemical interaction between the carcinogen and some cellular 

receptor. Why might not that cellular receptor be located on 

a ore-immunocyte, and why might not the depression of the immune 

response to another antigen (heterologous erythrocytes have been 

used in nearly all test) be due to antigen competition? Such a 

proposal would leave room for the "timing" problems which have 

negated so nany of the other theories, for the antigen to which 

the resoonse is suppressed in antigen-competition may be either 

the first or the second one administered. Also, it does not 

necessarily advocate any toxic effects or mechanisms of cellular

destruction.

A myriad of problems arise from this proposal however, for

the mechanisms of antigen-competition are unknown. In order



to test such a mechanism, one would have to find similar pairs 

of carcinogens and non-carcinogens which differed only in the 

proposed L site. Such a Dair of compounds would be at best 

difficult to find and, when found, the exact function of the K 

and L sites would have to be determined, for it could be that 

these ’’points" determine the chemical's antigenicity as well as 

its carcinogenicity. • Another way of testing such a hypothesis 

would be to develop a test for a specific antigen. But there are 

few such tests today, and even those are for such general charac

teristics as hemolysis and hemagglutination.

From this short review it is only too obvious that there is 

much research to be done before immunosuppression as a "trait" 

of carcinogenesis is to be understood.

$



CHAPTER II: Experimental Data
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MATERIALS:

MICE: In all experiments female Swiss mice were used. They

were housed in groups of 6 or fewer in plastic disposable cages. 

Cleaned sawdust was provided as bedding and cages were cleaned 

every third or fourth day. Water and Purina Laboratory Chow 

were freely available and an attempt was made to increase amounts 

of iron and protein in their diets by providing a protein sup

plement and spinach, raisins, and kidney beans as sources of iron

METHYLCHOLANTHRENE: The carcinogen, 3-methylcholanthrene, 

(MCA), was supplied by Dr. J. Stimpfling, McLaughlin Research 

Institute, Great Falls, Montana. 3-Methylcholanthrene is a 

highly effective carcinogen, inducing tumors in SO to 100 per 

cent of exoerimental animals injected. Tumors will develop 

at the ooint of injection or frequently in the thymus 3 to 7 

months after injection. Particular interest in this compound 

stems from the fact that it can be prepared from bile acids, 

such as cholic and deoxycholic acids [Busch, 1963]. The car

cinogen was prepared for injection by suspending in a sterile 

1^ (w/v) gelatin solution.

METHODS:

METHYLCHOLANTHRENE ADMINISTRATION: Experimental mice were 

given subcutaneous injections of 0.1 ml. of a 5$ (w/v) MCA in 

gelatin suspension in in both thighs. Controls received only 

the appropriate volume of the gelatin solution. After each in

jection the area was cooled with ice to speed firming of the 

gelatin and thus prevent leakage.

IMMUNIZATION: Sheep erythrocytes (SBC) were used as the

antigen for both immunizations that each mouse received. SBC
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were washed three times in physiological saline * and for each 

immunization 0.25 ml. of a 10$ (v/v) packed SBC in saline sus

pension was given intraperitoneally.

QUANTITATIVE ESTIMATION OF PLAQUE-FORMING SPLEEN CELLS (PFC):

For this test a hemolytic agar plaque test described by Jerne 

and his associates was employed [1963].

Whole spleens were recovered and were placed in Eagle’s 

medium until assayed. Each spleen was weighed, and a suspen

sion prepared by pressing the spleen through a tissue press.

The cells were then diluted into 2 ml. of 017$ (w/v) plate 

count agar (Difco Laboratories) in Eagle’s medium, (0.1ml. of 

spleen cell susoension to 2 ml. of agar). To this mixture 0.1 ml. 

of 30$ SBC in saline was added. The mixture was then plated on 

a 1.4$ bottom-layer agar surface in a petri dish and incubated 

at 37’C for one hour. At the end of the hour, 1.5 ml. of 10$

(v/v) human serum in Eagle’s medium was added as source of com- 

olement, and plates were returned to the incubator for % hour.

The dates were then removed from the incubator and allowed to

stand at room temoerature for 40 to 50 hours and read. To facili

tate reading of the hemolytic plaques, the plates were stained 

with a mixture of 0.3 ml. 5$ H2O2, 0.3 ml. of 2$ benzidine in 

glacial acetic acid, and 2.4 ml. water for 30-45 seconds. All 

plaques visible under approximately 15X were counted. The plaques 

varied in size. Microscopically a single cell could be seen at 

the center of each plaque.

*A 0.9$ NaCl solution is considered by most authors to be 
the best estimation of the in vitro salt concentration of 
the blood.
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MEASUREMENT OF SERUM HEMOLYTIC ACTIVITY: The most common 

test for hemolytic activity is the complement fixation test.

There are a number of such tests listed in articles concerning 

antigen or antibody determination. The test described below 

is essentially that described by J.K.Ball [1970],

Blood was obtained from cut tail veins or from the retro- 

orbital sinus and was diluted with an eoual volume of physiologic 

saline. The mixture was then centrifuged and serum collected. 

Unless immediately tested, the serum was preserved, by methods de

scribed by Prehn Cl96l]. Before testing, serum was incubated at 

56’ for 30 minutes to inactivate endogenous complement.* 0.1 ml. 

samples of serum pooled from each group were serially diluted 1:1 

with physiological saline in small test tubes. To each tube, 0.1 

ml. of 50% human serum in saline was added. The mixture was 

then incubated at 3?’C for 30 minutes.

Washed, oacked SBC (0.5 ml of a 5°/o suspension) were then 

added and the comnlete mixture was incubated for 2 hours at 37’C 

and read. Tubes were stored overnight in the refrigerator and 

reread. Titers are exnressed as logg of the greatest dilution 

showing 507o or greater hemolysis.

CALCULATION AND EVALUATION OF RESULTS: Arithmetic mean values

and standard deviations were calculated for each ?roun of mice. 

Student’s t test was emoloved for evaluation and statistical sig

nificance of grouo differences in the PFC assay.

EXPERIMENTAL DESIGN:

MCA ADMINISTRATION AND ANTIGEN IMMUNIZATION: Mice were immu

nized and MCA administered according to the chart which follows.

*Not all endogenous complement will be inactivated by this 
treatment, but nearly all of the C', C’’, and C'’’ compon
ents will be inactivated.
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TABLE I: Experimental design for MCA administration and anti
gen immunization.

\ t O W 0
&O'\V«-<A5 j \ r»><* u.«J \zaV\o n.

oV second

A 2/20/^2

Yzn 1^2. Y&hz

CL zA/nz Vz./vz

D Vz.l/72.

EFFECT OF MCA ON ANTI-BODY PRODUCING CELLS IN SPLEEN AND 
SPLEEN WEIGHT: Mice received MCA and antigen according to 

table above. Four days after the second immunization animals 

were sacrificed by exsanguination and the spleens were removed 

and assayed for PFC.

EFFECT OF MCA ON ANTIBODY LEVELS IN SERA: Mice were admini

stered MCA and antigen in same manner as above. After the first 

immunization the groups were bled on days 4, 6, 12, l6, and 20.

On day 3 after the second immunization each was bled a final time.

RESULTS:
THE EFFECT OF MCA AND THE TIME RELATIONSHIP BETWEEN ANTIGEN
ADMINISTRATION ON THE NUMBER OF ANTIBODY-PRODUCING SPLEEN
CELLS AND SPLEEN WEIGHT:
The total number of cells producing hemolytic antibodies per 

spleen was determined in groups of 9 or 10 mice treated with MCA 

and immunized according to the scheme presented in TABLE I. The 

number was compared with that determined in controls receiving 

gelatin only, using the Student’s t test for significance. A 

significant difference was found in all experiments when the

level of significance was set at .05
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The difference between the "background” groun and the con

trol groups from each of the other experiments (TABLE V) indi

cates that the antigen had stimulated the production or accumu

lation of PFC in the spleen.

TABLE VII shows the difference between exoerimental grouns 

of experiments A and C, and of D and C to be significant at the 

.05 percent level. No significant differences were found to 

exist between experimental erouos of experiments B and C or of 

B and D. The data presented in TABLE VII, then, indicates that 

the effect that MCA has on the PFC of the spleen is different 

if MCA is administered before or after the antigen than if it 

is administered at the same time as the antigen is inoculated.

MCA decreased the soleen weight significantly in experiments 

A, C, and D, (TABLE III). A comparison of the decrease in spleen 

weights among the experimental groups shows a significant dif

ference between experiments A and C, B and C, D and C, and D 

and B (TABLE IV). What these statements would seem to suggest 

is that MCA causes a decrease in spleen whether administered 

before or after antigen but that there is a difference to its 

affect when administered at these different times in relation

ship to antigen immunization. The data obtained also suggests 

that when MCA is administered within AS hours prior to antigen 

inoculation that its effect is somehow lessened. (It should be 

noted however, that there was seen an expected decrease in the 

hemolysin titer for experiment B in which MCA was administered 

AS hours before the antigen.

THE EFFECT OF MCA AND THE TIME RELATIONSHIP BETWEEN ANTIGEN
AND MCA ADMINISTREATION ON THE HUMORAL HEMOLYSING ANTIBODY
RESPONSE.

Sheep erythrocytes were inoculated within A days of MCA admini-



stratlon as shown in TABLE I and the animals were bled at 

day intervals. Hemolysin titers from the pooled sera of

experimental and of control groups from each experiment 

were compared (TABLE VIII). In experiments A,B, and D, 

hemolysin titers recorded for experimental groups were low

er than those recorded for control groups as shown in TABLE 

VIII and by GRAPHS II-VI. When experimental groups were 

compared with each other (GRAPH VI), the hemolysin titers 

in experiments A, B, and D are seen to be lower than that 

recorded for experiment C.

Hemolysing titers after the second immunization are 

shown to be depressed in experiments G and L, but it may 

be that they were tested too soon to determine the maxi

mum titer.

These data suggest that MCA is capable of deppresslng 

the level of hemolysing antibodies in the serum of experi

mental animals when administered before or after the test

•antigen but not when administered at the same time. It also 

appears that the administration of MCA after the antigen 

is most effective in suppressing the immune response. No 

significance levels were determined, however, and the data 

from PFC count presented above does not support this sugges

tion.

After the second immunization the hemolysin titer for 

experimental group B suddenly increased, reaching a level 

higher than tnat recorded for appropriate controls (GRAPH III) 

This supports the data obtained from PFC counts.
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TABLE II: Autopsy findings
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TABLE III: Levels of difference*between experimental and control 
groups in the exoeriments in TABLE II.

"TXrc
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*using Student’s t distribution

TABLE IV: Levels of difference* between experimental-‘groups 
in the experiments in TABLE II.
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*using Student’s t distribution
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TABLE V: Deoressive effects of MCA on the number of Dlaque- 
formins soleen cells (PFC).
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TABLE VI: Levels of difference* between exDerimental and control 
groups in the experiments in TABLE V.

oV
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TABLE VII: Levels of difference* between experimental groups
in the experiments in TABLE V comparing PFC/spleen.
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l.Al .0^ >P>.026 H

TM •36>V>.20 13

*using Student’s t distribution
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TABLE VIII: Effect of MCA on hemolysin titers
(comparing control and experimental groups of 
each experiment)

VtWx- OlA cKOa^ A.
1 4 16 ZO $ £.3

a conA-rol s.s 84 4 9 6.9 5.4 4.4
EApe/</ni*>ini 5.9 6.9 5.9 44 4.4 5.9

B 7-9 74 6.9 64 5.9 64
6-4 6.9 6 4 4.9 44 6.4

t
control 54 •7.4 6.4 5-4 6.9 6.9

M 3.4 8 9 6.9 5.4 5.4

D
CxwvVrol 59 6-9 5.9 4.9 4 9 5.4
■j. ?er.«u*Aa( 4.9 5.4 49 4.9 49 44

■

*hemolysin titers expressed as logg of the 
reciprocal of the greatest dilution showing 
50% or greater hemolysis

x
’ indicates primary 

immunization
indicates secondary 

immunization
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CHAPTER III: DISCUSSION OF RESULTS
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It seems puzzling that a tumor can be shown to be antigenic 

for the organism in which it originally arose, and yet the host 

was unable to prevent the development of the tumor in the first 

place. This phenomenon could be due to the nature of neoplastic 

cells. Possibly, the antigenic stimulus they provide is so slight 

that they have time to establish themselves as a vascularized 

tissue mass before being recognized as antigenic by the immune 

system. As mentioned before, a combination of two such mechan

isms would be the most beneficial situation for the tumor.

The data presented in this report show that methycholanthrene 

is capable of depressing the immune response, when measured both 

at the level of individual antibody-producing cells and at the 

level of serum antibodies during both primary and secondary 

responses. Essentially, then, the results obtained support the 

finding of Malgrem et.al. [1952] who observed depressed humoral 

antibody titers after MCA administration and those of Stjernsward 

[I9o5] whose experiments show the very rapid effect of MCA on 

the antibody-forming cell population of the spleen. Thus the 

findings are compatible with the suggestion of Prehn and Main 

[1957] that MCA inhibits the immunological responses and favors 

the establishment and outgrowth of antigenic neoplastic cell 

clones in the host.

The actual support that these results lend is vague, however. 

In many cases where a cursory examination of data gives the im

pression of strong support for the finding of Malgrem and St.jern- 

sward, statistical tests showed that the groups vary randomly.

Many of the factors leading to such low significance would be 

eliminated by employing an inbred, ideally germ-free, strain



of mice in experiments or by increasing the number if a random

ly bred stock such as I used, is employed. Many of the discre

pancies found by comparing the numerical results of these experi

ments with those obtained by others can be attributed to two 

factors: first, the differences in the immune status of the 

strains of mice used; and second, the substitution in these 

experiments of human serum for guinea pig serum used as a source 

of complement in the original Jerne technique used by Malgrem 

and Stjernsward.

A further examination of the data presented above, parti

cularly of the differences in hemolysin titers between experi

mental grouns shows methylcholanthrene to give a roughly biphasic 

pattern of immune suporession with the weak antigen used (SBC), 

inhibiting antibody-oroduction if administered before or after 

the antigen but not if given at the same time as the antigen.

A number of carcinogenic alkylating agents have displayed the 

same pattern, but many other carcinogens fail to produce this 

biphasic effect on the immune resnonse. Such results could be 

interpreted in a number of ways. The biphasic pattern could 

suggest that the carcinogen is affecting the immune system at 

more than one of its stens in the production of antibodies.

It could, however, also be discussed in terms of antigen-compe

tition.

As mentioned in the introduction, the suppression of the 

immune response during antigen comnetition may be due to either 

the first or the second antigen administered. Therefore, it is 

plausible that the immune response would be depressed in the 

case where MCA was administered before the antigen or in the
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oDposite case. The observation that there is no significant 

deoression when both agents are administered at the same time 

could be due to immunological paralysis which occurs when the 

dose of antigen overwhelms the immune resoonse of the animal.

In contrast to the experimental Induction of tumors in the 

laboratory, chemical carcinogenesis under natural conditions is 

more likely to result from fractionated exposure to small doses 

of chemicals over a long period of time. It would be of inter

est to test whether such doses of MCA during antigen adminis

tration would have the same effect that the large doses of MCA

used in these experiments had.



SUMMARY
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3-Methylcholanthrene was tested for its effect on sheen 

cell hemolysin Droduction and olaque-forming spleen cell popu

lation in experimental mice when administered before, after, or 

at the same time as the test antigen. In cases where MCA was 

injected before or after the antigen a marked deoression of 

antibody levels was noted as was a decrease in the number of 

plaque-forming spleen cells. These observations were inter

preted in light of a possible relationshin between depressed 

immunologic reactivity and carcinogenesis.
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