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I. Introduction 

Herbert Hoover said, "Discovery and invention do not spring full 
grown from the brains of men. The labor of a host of men . . . builds up 
the structure of knowledge, not stone by stone, but particle by particle. 
This adding of fact to fact some day brings forth a revolutionary dis
covery, an illuminating hypothesis, a great generalization, or a practical 
invention." I am unable to point out how the members of this Symposium 
might amalgamate their several ideas to produce such a desirable result. 
However, it sometimes happens that as ideas are put together in new 
ways, one may perceive correlations between phenomena that at first 
seemed diverse. The hope of discovering hitherto unperceived correla
tions furnishes the motive for such symposia as this, and it is in such 
spirit that I bring a discussion of tumor immunity to a symposium on "the 
origins of drug resistance." 

The field of tumor immunity is poorly defined at present and com
prises phenomena that are obscure and difficult to correlate. Definitions 
can rarely be given in precise terms and one must usually be satisfied 
with descriptions in biological terms. Even the use of the word "im
munity" is subject to some debate. However, one must use words and it is 
better to use old words, if they can be understood, than to coin new words 
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prematurely. Much that will be said in this essay resembles immunology 
—it may actually be immunology. At any rate, it is convenient to use the 
terms of immunology in their broadest sense and, with the reader's in
dulgence, I shall so use them. Discussion of finer shades of meaning can 
be left to the future when more knowledge will make discrimination 
easier. 

I do not know how much or how little relation there is between the 
phenomena of tumor immunity and drug resistance or tolerance. How
ever, both refer to changes occurring in populations of living cells as a 
response to something unusual in the environment. It does not seem un
reasonable to assume that there may be some points in common. On the 
other hand there is one possible point of difference that should not be 
overlooked. Many of the phenomena of tumor immunity appear to 
depend upon the interaction of two populations of living cells, each of 
which may function as a variable. In contrast to a cell population, a drug 
is relatively static and would tend to function as a constant. One might 
look upon the first as a biological equation containing two variables that 
may be either independent or mutually dependent, and upon the second 
as involving biological equations of a lower order. One does not know 
how important this distinction is but it suggests caution in making correla
tions between the two fields. 

The literature pertaining to this field is extensive, far too extensive to 
be covered in the space available. Fortunately, the reviews of Woglom 
(1929), Spencer (1942), Snell (1946, 1953), and Hauschka (1952) leave 
nothing to be desired in the way of thoroughness. Consequently, the 
review that follows is not intended to be exhaustive. It is intended, in 
fact, less as a review than as the author's estimate of the present situation 
in tumor immunity. This material has been selected with the purpose of 
showing the broad outlines, the principal landmarks, and some of the 
implications of the field. The selection reflects the viewpoint of the 
author although attempting to avoid bias. In the case of some of the 
reports selected, the relationship to the general subject of this Symposium 
may be merely verbal. Determination of whether the relationships are 
also semantic must wait upon future knowledge. 

I I . Retrospect in tumor immunity 

Among scientific disciplines immunology is a youngster. Cancer re
search is even younger. Both fields suffer to some degree from the in
security and confusion that always accompany fragmentary knowledge. 
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Thus, when one approaches the problems of cancer research by way of 
immunology, one must travel a very dark road by the aid of a dim light. 
Perhaps that situation accounts for the frequent wrong turnings taken, 
blind alleys entered, and discouragement met by investigators in the past. 
A few examples of past endeavors will indicate the background against 
which present-day investigations should be seen. 

Half a century ago many workers seem to have been inspired by the 
idea that cancer could be detected or cured by means of a specific 
serological reaction, such as had succeeded for other diseases. At that 
time no genetically controlled materials were available, little was known 
about the etiology of tumors, and experimental results were highly and 
categorically varied. There was sufficient agreement, however, to make 
it evident that the search for serological factors in tumor immunity would 
be difficult. The following facts indicate some of the difficulties. 

It was observed that there was a universal natural barrier to trans
plantation of tumor from one species to another, but contrariwise, the 
tumors of one species would grow in vitro in the serum of almost any 
other species. In the heterogeneous mice then available, most mice 
could be made resistant against the implantation of most mouse tumors 
by a prior inoculation of either normal or neoplastic mouse tissue, but 
such immunity could not be transferred passively. An animal in which 
a transplanted tumor had regressed was solidly immune against reim
plantation of the tumor, but attempts to demonstrate antibodies in the 
serum of such an animal failed. Animals that were demonstrably immune 
against one tumor might or might not be immune to another transplant
able tumor and they were never immune to autogenous or spontaneous 
tumors. Against all these generally obtained results stood reports that 
stated the opposite. (See the reviews cited, particularly that of Woglom, 
for detailed references.) Such assertion and contradiction characterized 
the work in tumor immunity for thirty years—and still does to some ex
tent. In sum, there appeared to be a variety of situations in which im
munity could be demonstrated easily but no antibody could be found. 
The suggestion that this is like tuberculin sensitivity can be met by recall
ing that specific tumor immunity (or immunity to skin) once established 
cannot be abrogated by irradiation, whereas tuberculin sensitively can 
be so abrogated. In this respect immunity against tissues resembles 
bacterial immunity rather than tuberculin sensitivity (Dempster, 1951). 

The information with regard to the antigen was also confused. At 
the outset one might expect that the large amount of work done would 
lead to some agreement regarding characterization of one of the antigens 
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concerned, but no final agreement was reached. On the contrary many 
additions to the literature served only to add to the confusion. Most 
workers agreed that against homologous tumors only homologous 
antigens were effective, but a few competent investigators reported the 
induction of resistance by heterologous tissues. Many reports indicated 
that resistance could be induced only by living tissue, but there were a 
number of reports to the contrary. Some even claimed that only dead or 
injured cells were effective. The latter idea led to unsuccessful experi
ments on human cancer. For example, despite Haaland's reports (1910a, 
b) that devitalization of tissues not only robbed them of their immunizing 
power but might also endow them with enhancing powers and that no 
immunity could be induced against an autograft of a spontaneous tumor, 
Kellock (1922) attempted to immunize patients against their own tumors 
by means of irradiated autografts. The attempt was unsuccessful and was 
criticized by Wood (1926). A few investigators reported the induction 
of resistance by means of various tissue extracts and other noncellular 
materials. Against those stood reports that such treatment lead to 
hypersusceptibility (Snell, 1946). 

It should be unnecessary to cite further examples to show that tumor 
immunity has become a highly controversial field. The work of early 
investigators produced some results that still stand as landmarks for 
later workers, but the principal product was a mass of controversial 
literature—so much so that when Woglom reviewed the hundreds of con
tributions made prior to 1929, he said, "Of these communications a small 
number are of permanent value . . . and far too large a proportion are 
merely ridiculous . . ." He said further, "Ingenuity has been exhausted 
in devising means of treating animal tumors, yet no investigator has 
published a method which even the most charitable and tolerant reader 
could regard as encouraging. . . . Immunity to transplantable tumors is 
a generalized refractory condition which appears to be entirely unrelated 
to other forms of immunity. . . . Nothing . . . may be hoped for at present 
in respect to a successful therapy from this direction." Few doubted the 
justification for those conclusions and most workers who had been look
ing for an "anticancer" serum gave up the hunt and the field became 
unpopular. 

However, at about the same time new landmarks were emerging. 
Owing in large part to the efforts of Little and co-workers inbred animals 
came into general use. The powerful influence that genetic factors had 
exterted upon early experiments began to be appreciated and, based upon 
the work of Loeb, Tyzzer, Little, Strong, Bittner, et al., the genetic theory 
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of transplantation was formulated (reviewed by Little, 1941). This had 
the dual effect of burying the mistakes of the past and resurrecting some 
hope for the future; not the hope that an "anticancer" serum was in the 
offing, but the hope that something fundamental and useful might be 
learned about the manner in which a tumor and its host interact. Con
currently experimental embryologists, led by Spemann (1938), demon
strated that the morphology and behavior of a cell depends not alone 
upon what is in a cell but also upon its external associations. 

New awareness of some of the basic influences at work in the field 
of tissue specificity suggested reinvestigation of some of the old prob
lems as well as new problems to be attacked. The first requirement was 
better control of the experimental conditions. Control of the host was 
provided by the several strains of highly inbred animals that had become 
available. Rigorous control of the tumor could be had only by the use 
of transplanted tumors of known constitution—in spite of the known 
weaknesses of that procedure (Gorer, 1948). It is the employment of 
these principles that distinguishes modern work from old work in the 
field of tumor immunity, regardless of chronological overlapping. 

I I I . Present status of tumor immunity 

A. THE USE OF TRANSPLANTABLE TUMORS 
In the preceding section reference was made to the importance of the 

genetic principles involved in transplantation. Transplantation is im
portant in this field for two reasons. In the first place, it has become 
increasingly apparent that the transplantation of tissue may provide an 
extremely delicate indicator of differences between tissues. In the second 
place, inbred animals and transplantable tumors derived from such ani
mals are to the biologist what pure reagents are to the chemist. The only 
way that a cancer worker can perform two successive experiments with 
confidence that his reacting materials are the same is by employing such 
homozygous materials. I have said transplantable tumors and not spon
taneous tumors because it is known that the spontaneous tumors of two 
similar animals, or even two simultaneous tumors of the same animal, 
may differ (Strong, 1929; Cloudman, 1932; Bittner, 1931.) The use of 
spontaneous tumors involves variables that are partly uncontrollable and 
sometimes unsuspected. The use of transplantable tumors involves an 
oblique approach but it seems for the present to be the safest approach 
to problems that must ultimately be solved with spontaneous tumors. 
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B. THE GENETIC INFLUENCE 
The genetic relationship of a tumor to its prospective host appears 

to be the most important among the factors that control the outcome of 
transplantation. Many other factors, mostly unknown, appear to exert an 
influence, but the genetic influence is primary and experiments per
formed without attention to this point are apt to yield a meaningless 
result. As background for the material to be presented herein it will 
suffice to recall the following principles (see Little, 1941, for extended 
discussion). 

A tumor derived from a mouse of an inbred strain will grow when 
transplanted to any mouse of the same strain or to any F x hybrid mouse 
having that strain as one parent. It will not grow in mice of other strains 
or in unrelated F i hybrids except for certain unusual tumors. On the 
other hand, a tumor originating in an F x hybrid mouse cannot be trans
ferred to mice of either parent strain or to an unrelated hybrid but it 
can be transplanted to all similar hybrids. In F 2 hybrid mice, procured 
by mating two Fx hybrids, the genetic factors controlling transplantation 
segregate. A tumor from either of the inbred strain grandparents will 
grow in such F 2 hybrids in a percentage of cases that depends upon the 
number of factors involved—the larger the number of factors the smaller 
the percentage. Backcross mice are derived by mating an F1 hybrid 
mouse to either of the parental inbred strains. Animals obtained by 
mating the hybrid to a mouse of the strain of origin of the tumor are 
called susceptible backcrosses; all such mice are susceptible to the tumor. 
Animals obtained by mating a hybrid to a mouse of the parental strain 
foreign to the tumor are called resistant backcrosses. Resistant backcross 
mice will accept the tumor in a percentage of cases that varies from 
50% downward, depending upon the number of genetically controlled 
factors involved. No consideration is given here to such well known but 
unusual tumors as Sa 37, Sa 180, Walker 256, etc. Their hereditary 
makeup is entirely unknown and they appear to be partly specific and 
partly nonspecific, depending upon circumstances that cannot be an
alyzed at present. Different conditions prevail for those tumors known 
to be caused by a filterable agent. With such tumors the outcome depends 
sometimes upon the transplantation of cells and sometimes upon inocu
lation of the agent. For that reason they are excluded here but will be 
mentioned again in another connection. 

The genetic principles briefly reviewed seem to me to be the first 
chapter in a study of tumor immunity, despite the fact that, in the devel
opment of the field, they came relatively late. With these principles as 
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guides one may proceed to further explorations with some assurance of 
making a real advance in understanding what tumor immunity represents. 

The profound, almost qualitative, influence that genetic interrelation
ships exert upon tumor immunity was shown by the following experi
ment (Barrett, 1940). Three strains of mice were employed as hosts 
for tumors, one a pen-bred albino strain (Rockefeller Institute) and two 
inbred strains (A and C57BLK). Three tumors, all mammary carci
nomas, were transplanted, one of unknown genetic constitution (Bash-
ford 63), and two that had originated in the inbred strains (15091-A and 
755-BLK). Defibrinated blood from each of the three strains was em
ployed as an immunizing agent. It can be seen in Fig. 1 that a wide 
spectrum of results was obtained. In general, when any two of the 
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FIG. 1. Summary of data from some experiments in which resistance to trans
plantation of tumors was induced by the prior inoculation of homologous blood. The 
black areas represent the percentage of "takes" at three weeks. All hosts in each of 
the three rows were of the strain indicated at the left. All hosts in a line were im
munized with the blood indicated at the left of that line. The tumor inoculated is 
shown at the top of each block. None of the differences in the blocks showing strain 
A tumors in strain A mice or strain C57BLK tumors in strain C57BLK mice is statis
tically significant. All other differences are significant except those between 7 and 17, 
upper left; 7 and 14, lower left; and 86 and 96, lower left. A total of 768 mice is 
represented on the chart. 
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materials were held in a constant relationship, the results varied with 
the third. Furthermore, it appeared that the relationships were more 
important than the materials, because for any one of the materials the 
outcome depended less upon the intrinsic qualities of that material than 
upon how that material was combined with the other two. The im
munity involved appeared to be directed toward the "foreignness." The 
degree of "foreignness" appeared to be an expression of the genetic 
diversity of the materials. 

C. THE NATURE OF THE IMMUNE STATE 
Although it has already been indicated that the type of immunity 

under discussion has no known relationship to a cancer "serum," either 
diagnostic or curative, this aspect needs further emphasis. It is true that 
what we know about the reactions of an animal to the implantation of 
foreign tissues corresponds in broad outlines to bacterial immunity 
(Gibson, 1943). It is possible, however, that the similarity is overempha
sized, because most positive observations have followed the introduction 
of extraneous tissue into a test animal. Such conditions are superficially 
like bacterial invasion (in that both represent the introduction of foreign 
material), and there may be a tendency to emphasize gross similarities 
and obscure subtle differences. For that reason, as well as some others 
that follow, I prefer neither to accept nor to reject the analogies with 
bacterial immunity. In order to avoid cumbersome circumlocutions, how
ever, it is convenient to use the terms of bacterial immunity. Their use 
has no etiologic, diagnostic, or therapeutic implication. 

Some other terms require definition. Many differences observed in this 
field are relative and the terms "immunity" and "resistance" will be used 
interchangeably. The term "natural" immunity will be used to indicate 
immunity observed in an animal that has had no known immunizing 
treatment. There is some doubt whether this type of immunity actually 
exists; it may represent a very rapid response to the stimulus of a test 
inoculation. The terms "induced" or "acquired" immunity are self-explan
atory; they will be called "nonspecific" when the inducing agent is nor
mal tissue. In using terms derived from "iso-," "auto-," "homo-," and 
"hetero-," common usage and the definitions of Snell (1953) will be 
followed. Of those, the only ones that might cause any difficulty are 
words like "isologous" and "isogenic"; as used here they refer to the 
relationship between two individuals of the same inbred strain. 

Many observers have reported that, although tumors can be trans
ferred between individuals of the same species, there appears to be a 
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natural immunity against transplantation between species of warm
blooded animals. With some qualification that generalization still stands. 
The qualifications can be divided into several categories although, in 
the end, they may not be as diverse as they now appear. Murphy re
ported in 1912 that tumors could be transferred successfully to the 
embryos of foreign species. This often confirmed observation appears to 
depend upon the fact that, temporarily, the embryo is in some way 
immunologically deficient or incompetent. Later, the embryo or new
born animal develops the resistance that characterizes the adult; then 
the tumor must either be transferred to a new host or it will be destroyed. 
The deficiency of the chick embryo can be altered by introducing a bit 
of spleen along with the graft. It should be noted that in this case the 
spleen of a normal homologous adult is effective. [Murphy's monograph 
(1926) should be consulted for details.] In older animals, a special site 
may be used for transplantation. This is shown by Murphy's success in 
transplanting mouse tumors into the brains of rats. In this case it 
appeared that the site was immunologically deficient, because when 
the tumor encroached upon the ventricular wall, host cells invaded the 
tumor and it was destroyed. The deficiency in this site could also be 
altered by introducing a bit of spleen along with the tumor. In this case 
the spleen of a normal adult was effective, but only when the spleen was 
autologous; homologous spleen was not effective and neither were auto
logous testicle or blood. (This interesting report needs confirmation.) 
At this point it is appropriate to consider some current, unpublished 
observations of Dr. J. M. Weaver (personal communication). He is 
investigating the growth of mouse tissues inside a small porous chamber, 
which is impervious to cells. The chamber, containing the mouse tissue, 
is placed in the abdominal cavity of a rat. In a normal rat the mouse 
tissue survives, but in a rat that has been immunized against mouse 
tissue the cells inside the chamber are destroyed. Survival of the cells 
in the nonimmune rat could be prevented by a bit of spleen in this case 
also. Bits of spleen from a mouse of a strain foreign to the tissue explant 
were included in some of the chambers. If the spleen was derived from 
a nonimmune mouse no effect was seen (within two weeks at least) but 
if the spleen came from an immune mouse (immunized with tissue 
isogenic to the explant) the transplant was destroyed. 

It thus appears that the natural immunity between species can be 
circumvented by (a) using a very young host before it has developed 
effective defense mechanisms, or (b) transplanting into a site in which 
effective defense mechanisms do not seem to be elicited, or (c) imposing 
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a physical barrier between the host and the transplant. In all 3 situations 
the failure of the immune reaction could be corrected by the inclusion 
of a bit of spleen (or of bone marrow in the first case), but subtle differ
ences are suggested by the different genetic relationships between the 
materials employed. For that reason it would not be wise to assume at 
this stage that the reactions are exactly alike. 

It has been mentioned that certain transplantation sites may be 
immunologically exceptional. The brain, the testis, and the anterior 
chamber of the eye are examples. Special mention should be made of 
transplantation into the anterior chamber of the eye, a field to which 
Greene (1951) has been a prolific contributor. (Green's viewpoint differs 
from that of the writer, and his original papers should be consulted.) 
Most workers agree that heterotransplantation into the anterior chamber 
can be accomplished, but there is no agreement about the percentage 
of success to be expected or about the reasons for the failures. Lush-
baugh (1949) believes that the degree of success is low and that pub
lished reports tend to exaggerate the success. He believes further that 
the relative malignancy, or autonomy, of the tissue is not sufficient 
explanation for the success or failure. The author agrees with his opin
ions. Schilling (1949) and the author (unpublished experiments) ob
tained a low percentage of takes in heterologous transplants, and Snell 
(1951) observed that general resistance to reinoculation accompanied by 
circulating cy to toxins occurred after similar transfers. Eichwald (1952) 
used the anterior chamber for homologous transplantation between 
several inbred strains of mice. He obtained a high percentage of initial 
"takes" but also a high rate of regression. He concluded that the natural 
barriers between strains were lowered but not abolished and that in
duced immunity was not bypassed. Medawar (1948) transplanted skin 
homologously to the brain and anterior chamber of the eye in rabbits. 
He reported that in the brain the skin would respond to but could not 
elicit the immune state, and in the eye the transplant was destroyed if, 
and only if, it was penetrated by blood vessels. Finally, observations 
made by Merwin (1953 and personal communication) should be men
tioned; they deal with homologous transplantation into a different 
special site, but they are informative. She studied harderian glands 
after transplantation into a subcutaneous transparent chamber in a 
mouse of foreign strain. In this situation the graft usually became 
vascularized, the host was immunized, and the gland was destroyed after 
a short period, like the usual subcutaneous homologous graft. On the 
other hand, sometimes the graft did not become vascularized, hence no 
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immunity was evoked, and the graft survived for long periods. However, 
if during such a period of survival a second graft became vascularized, 
then both it and the nonvascularized first graft were destroyed. 

These findings indicate that the generalities of tumor immunity apply 
in these special sites but the reactions may be modified. It is possible 
that other special conditions exist, but one that appears to play a part 
is the failure of tissue to arouse the immune response when it is placed 
in special situations. If an immunity is already in existence, or if it is 
elicited by another stimulus, the graft in a special site is destroyed. This 
incomplete set of observations suggest that a transplant into one of the 
special sites reacts like a subcutaneous graft (Merwin) that is not 
vascularized. Does this mean that, in a relative sense, the antibodies 
are mobile in the absence of blood vessels and the antigen is not? At 
present it seems that this might be a partial explanation. 

There are other methods for circumventing the natural resistance 
between species. The development of an effective immune mechanism 
usually requires some time, and workers have taken advantage of this 
by either transferring the tumor to a second host before the first host 
had sufficient time to destroy the tumor or by delaying the development 
of the immune reaction. The work of Putnoky (1938, confirmed by 
deBalogh in 1940) furnishes a good example of the former method. 
By transferring the tumor at short intervals Putnoky succeeded in main
taining a mouse tumor in rats for seven years. There are three important 
points to be noted in regard to this sort of work. First, in the majority 
of cases the tumor will succumb to the defensive mechanisms of the host 
if it is left until these are fully developed. Cases have been reported in 
which the tumor persisted until the death of the host, but these can be 
evaluated differently according to one's viewpoint. The small size of the 
tumors and the early death of the animals raises considerable doubt. 
DeBalogh reported that rats died in 10 to 12 days with tumors ranging 
from 6 to 14 g. It is more common for tumor-bearing rats to die at three 
to six weeks with tumors weighing 30 to 50 g. Although one cannot be 
sure, there is reason to doubt that such data can be compared with what 
is usually meant by "death from a progressively growing tumor." A 
second cause for doubt concerns the possibility that the tumor itself 
may have changed. Both Putnoky and deBalogh reported that their 
tumors changed immunologically, and Murphy observed that his rat 
tumor appeared to change during residence in the chick embryo. Greene 
(1941) considered the possibility that his success in transplantation into 
the anterior chamber of the eye might involve some degree of adaptation 
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that eliminated the more radical constitutional differences between the 
transplant and the host. And finally, to the numerous reports of spon
taneous enhancement of the ability of a tumor to grow after transplanta
tion (Strong, 1926) may be added the author's demonstration that such 
a change can be produced at will (1950). The third cause for doubt 
concerns the question of simple survival. A decision on this question is 
most difficult. It should be recalled that Bullock (1918) observed viable 
cells in rat tumors that had survived in mice for 54 days. In the uni
versally unsuccessful transfer of homologous skin in man it is not 
uncommon for the graft to survive for a period of five or six weeks, and 
longer intervals have been reported. Gaillard (1953) reported that 
homotransplants of embryonic skin remained intact for six months. 
Furthermore, during a period of survival a tumor may grow to large 
size; e. g., Snell (1953) observed regression in mouse tumors that had 
reached 7.5 cm2 in silhouette; that would correspond to about 5 or 6 g. 
Comparable rat tumors would weigh ten times as much. Thus it is 
known that a tissue that will ultimately succumb to its environment may 
survive for a long time and grow to a large size. The uncertainty is com
pounded by the fact that very little is known about how a tumor kills 
its host. When an animal dies with a tumor we can only infer that it 
died because of the tumor. Such considerations lead to the conclusion 
that the experiments cited did not demonstrate heterotransplantation 
except in a highly modified sense. 

Returning to the question of circumventing immunity by delaying 
the development of the reaction or by interfering with its expression, 
there are numerous reports which show that this can be done by a 
variety of methods. For convenience, the reports on natural and induced 
resistance and those on interspecies and inters train immunity will be 
discussed together. Typical methods employ (a) irradiation of the host, 
or (b) administration of cortisone, or (c) reticuloendothelial blockage. 
These have been extensively reviewed by Toolan (1953). No complete 
agreement with respect to the significance of this work can be reached 
at present but, in general, it appears that the principal influence is that 
of delay. One can adopt the viewpoint that the change is not so much 
in the event as in its time of occurrence. During the period of delay the 
implanted tumor, the host, or both may be changing and one is then 
confronted with the same sort of irresolvable complex as was outlined 
in the previous paragraph. However, there are some fairly well estab
lished points that are worthy of note. Irradiation can break down natural 
immunity either between species or in homologous transplantation 
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(Murphy, 1926). It can also prevent the development of induced im
munity, either specific or nonspecific (Clemmesen, 1940). However, 
although Murphy reported some abrogation, most investigators agree 
that induced immunity cannot be abrogated by irradiation once it has 
developed (see Toolan, 1953). In general, cortisone and ACTH produce 
effects that are similar to those of irradiation insofar as we are concerned 
here. In the case of reticuloendothelial blockage a possible difference 
from irradiation has been reported. Ludford (1931), working with non
specific induced immunity in mice, found that trypan blue would pre
vent the expression of a preexisting immunity, and Andervont (1932), 
working with specific immunity induced in mice by a tumor, found that 
trypan blue not only prevented the development of immunity but also 
abrogated the immunity after it had developed. However, the latter 
investigator noted that some of the animals were in such poor condition 
that dye injections had to be discontinued. It seems possible that the 
animals were so intoxicated that they simply could not muster such 
defenses as they possessed, in which case the distinction mentioned 
would be of less importance. 

The important point in all this is that agents that are known to have 
a deleterious influence upon immune reactions in general also influence 
tumor immunity in the same way. It seems unlikely that this is mere 
coincidence. However, the mechanisms involved remain obscure. Primar
ily the effect seems to be one of interfering with the development of 
immunity by action upon some part of the mechanism that initiates the 
chain of events leading to immunity. 

Insofar as it can be demonstrated, the state of tumor immunity is 
limited in its effectiveness to certain situations. It is directed principally 
against the establishment of a foreign graft. It is not effective against an 
established tumor even when the established tumor and a second graft 
are from identical sources and placed in the same animal (Bashford, 
1908; often confirmed by the author and others). It does not prevent the 
take of an autograft of a spontaneous tumor (Haaland, 1911) but is 
effective against an autograft from an established homologous tumor 
(Andervont, 1932), provided that the latter is not isogenic to the host. 
Tumor immunity is usually not effective against transplantation within 
an inbred strain (Barrett, 1940), but in some cases subline differences 
may have an influence. Just where the line should be drawn in defining 
"foreignness" is not certain, but it usually lies in the region of differ
ences between inbred strains and sometimes of differences between 
sublines within strains. Most important, the animal with induced im-
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munity is not effectively immune against the development of spontaneous 
tumors. With regard to the last point it should suffice to mention the 
observations of MacDowell (1939), although other evidence is available. 
He worked with an inbred leukemic strain of mice and a transplantable 
leukemia, which had originated in the same strain but had been separ
ated by many generations. Immunity against the transplantable leukemia 
could be induced (either specifically or nonspecifically), but such im
munity did not interfere with the development of spontaneous leukemia 
later in the life of the treated mice. This observation could be explained 
by assuming that the immunity induced early in the life of the mice 
had deteriorated by the time that the spontaneous disease arose, but it 
seems doubtful that such is the explanation in view of other evidence. 

The phenomena of tumor immunity have been shown to bear con
siderable resemblance to bacterial immunity, but complete congruity is 
far from established. There may be a "natural" immunity, but this is 
uncertain and in some ways it seems improbable. There is undoubtedly 
a state of "acquired" immunity, and it requires an incubation period for 
its full development. The immune reaction appears to be primarily an 
enhanced resistance to the establishment of a graft of foreign tissue and 
to be based upon the foreignness and not the neoplastic qualities of the 
tissue. The fact that both bacterial and tumor immunity can be fore
stalled by the same agents suggests a similarity in the initiating mechan
isms. The fact that antibodies are demonstrated easily in bacterial 
immunity but have eluded detection in tumor immunity may mean that 
the effectors of the immunity are different in spite of a similarity in the 
mechanism of initiation. The few indications that humoral antibodies 
may be demonstrable in a heterologous system but not in a homologous 
system might suggest either a quantitative or a qualitative difference. 
Is the "unity of antibody" concept sufficient reason for discarding the 
latter possibility with respect to the homologous system? Or should the 
search for some special characteristic of tumor immunity be pursued? 

As a concluding point in this attempt to characterize the immune 
state, brief reference should be made to "hypersusceptibility." Woglom 
was not convinced that such a state existed. However, in recent years 
Casey, Snell, Kaliss, and others have adduced much evidence that there 
may be such a condition. They have treated animals with various non
living tissue extracts and under varied conditions, observed an increase 
in the number of takes of tumors, or an increase in the growth rate, or 
an increase in the number of metastases, or a decrease in the survival 
time of the hosts, or varied combinations of these effects. There seems to 
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be considerable specificity in the reaction. Snell has reviewed this work 
recently (1953). 

D. SPECIFICITY OF THE REACTION 

The specificities encountered in a study of tumor immunity present 
some interesting features that may be helpful in characterizing this type 
of immunity. As in other features of tumor immunity, it must be kept in 
mind that specific effects are the product of a dual system, i.e., the 
primary influence may reside in the tumor or it may be a mutual effect. 

Many years ago it was known that, in general, an animal bearing a 
spontaneous tumor could be immunized against the implantation of a 
tumor from another animal but not against an autograft of its own 
tumor. This was not because the one tumor was intrinsically responsive 
to immunity and the other not; a tumor that did not succumb to im
munity in one host might do so upon transfer to another host. It was 
thus evident that demonstration of the immune reaction did not depend 
exclusively upon the properties of either the host or the tumor but upon 
the relation between the two. With the advent of inbred animals it 
became possible to demonstrate that this relationship depended primarily 
upon the genetic constitution of the materials and that this attribute 
accounted for some of the specificity observed. 

Natural resistance to transplantation depends upon highly specific 
genetically controlled factors that appear to function as antigens. In 
order for a transplant to grow it must not contain an antigen that is 
absent from the host. If a foreign antigen is present in the graft the 
immune reaction is aroused and the graft is destroyed. Apparently the 
converse is not true, the absence of factors from the graft has no 
demonstrable effect. The early work of Tyzzer, Little, Bittner, Strong, 
and others established the fact that these factors are specific for strains 
(Little, 1941), they can be enumerated, their strain of origin can be 
traced when they occur in hybrids, and in some cases they are genetically 
linked with other characters. More recent work by Snell (1953) has 
shown that specific alleles for histocompatability can be identified and 
that the specificity is a function of the allele, so that two different strains 
may be the same or different for a given factor. These factors, and 
therefore the specificities, can change. There may be minor changes in 
the host that correspond to the development by spontaneous mutation 
of sublines within a strain. These have been discussed recently by Snell 
(loc. c i t ) . There may also be similar changes in a tumor which occur 
as spontaneous mutations (Strong, 1926) or as induced adaptations 
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(Barrett, 1950). A brief discussion of the latter will serve to illustrate 
several of the points mentioned thus far. 

A tumor, which originated spontaneously in an inbred animal, was 
transplanted into various types of hosts, and it was found that the tumor 
conformed to the usual genetic restrictions upon transplantation when 
the inocula were derived from stock tumors growing in the strain of 
origin. Under those conditions 8 percent of resistant backcross mice were 
killed by progressive growth of the tumor, indicating that probably four 
factors were concerned in that particular combination. However, if the 
tumor was first grown in an F i hybrid and then transferred to resistant 
backcross hosts, 30 percent succumbed to the tumor (Fig. 2) . Appar-

FIG. 2. Summary of the percentages of progressively growing tumors that were 
observed when the tumor was transplanted between animals of varied genetic consti
tution. The arrows represent the donor-recipient relationships. The percentage of hosts 
killed by the tumors is shown on the arrows. The differences are all highly significant; 
Ρ < 0.001. 

ently the specificity had changed so that only two factors were involved. 
This could be repeated at will, and further work showed that the change 
in the tumor tissue was a permanent one (Barrett, 1952b). Continued 
study revealed that if two different genetic combinations were employed 
the changes observed not only differed in degree but also appeared to 
be specific for the strains used (Fig. 3 ) . There is not space here to go 
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into all the complicated details involved in this work, but reference to 
the original publications will show that the specificity appears to extend 
to relatively small genetic differences, and some linkage with genes for 
color can be discerned (Barrett, 1953a). It seems probable that as 
knowledge increases a great many genetically controlled elements in 
tissue specificity will come to light and that they can be manipulated 
experimentally in some measure. 

( D B A ) 
D — 0 % - STOCK TUMOR IN 

C3H 
S T R A I N OF O R I G I N 

(BALB /c) 
I — 0 % — - C 

I00°A 

( C 3 H J C ) F | 
v ~ 1 0 % 

27% 
2 1 % 

(C3HDxD)BC (C3HCxC)BC 
FIG. 3. The results of transplantation of the tumor from various donors to various 

recipients. The arrows indicate the donor-to-recipient relation, and the figures on 
the arrows indicate the percentage of recipients succumbing to the tumor. Note that 
the highest result obtained in one backcross population was 44 per cent and the high
est in the other was 27 percent. Each of these was obtained when the donor and 
recipient corresponded with regard to their strains of derivation. 

However, there are many situations that are difficult to explain in 
terms of a limited number of genetically controlled factors, although 
they may in the end be based upon some heritable property of the 
individual cells. For example, if one considers the so-called "nonspecific" 
tumors, which will grow in almost any mouse, theoretical difficulties 
arise. The stimulus for immunity is presumed to be the presence in the 
inoculum of an "antigen" which is absent from the host (see Little, 
1921). The fewer factors or foreign antigens present in the inoculum 
the more widely transplantable the tumor and the less demanding the 
specificity. Extension of such reasoning (much of which is supported by 
facts) might lead one to conclude that the nonspecific tumors contained 
only antigens of a common, widely distributed type. It would follow that 
it should be difficult to immunize any mouse against them, and further-
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more such tumors should be much alike in their immune reactions. 
However, the observed facts do not harmonize well with such a con
clusion. A few of these observations follow. (See reviews cited for 
further details.) 

Almost any mouse may be immunized against these tumors, but 
various strains react in varied degrees, and for a given strain the 
reaction aganist different nonspecific tumors varies. This does not sug
gest a consistent "commonness" (Andervont, 1933; Barrett, 1952a). 
Furthermore, a given tumor, such as Sa 180, may stimulate immunity 
against itself and others, such as Bashford 63 and Carcinoma A, but the 
last two will not stimulate immunity against the first. In experiments in 
progress, the author has made a similar comparison between Sa 37 and 
DBA 49, a sarcoma of known genetic constitution and limited trans-
plantability. These observations suggest that Sa 180 is either more com
plicated immunologically or has acquired some special antigen, but 
these notions cannot be reconciled with the generally accepted concept 
that usually tumors lose immunologic factors as they become more 
transplantable. Another aspect of this situation is brought out in 
studies of resistance induced by normal tissues (Barrett, 1940, 1951). 
Although it appears that in general the blood used to induce resistance 
need have no known relation to either the tumor or the host in order to 
be effective, and although it is easy to induce such resistance against the 
widely transplantable tumor Bashford 63, I have not been able thus far 
to induce resistance against either Sa 180 or Sa 37 by means of a prior 
inoculation of blood. There seems to be no way out of this dilemma 
except to assume that either increased transplantability does not always 
represent loss of, or substitution for, effective antigens, or there is some 
unknown difference between the tissue antigens concerned in trans
plantation and some of those effective in stimulating immunity. Much 
work must be done before a decision can be reached on these points. 

In summary, the phenomena of tumor immunity appear to be specific. 
The more easily discernible specificity appears to be based upon gen
etically controlled factors or antigens, and it has been estimated that 
the probable number of such factors is about 14 (Snell, 1948). Such 
antigens tend to function as strong antigens, in variable degree, and to 
exert a primary influence upon transplantation. However, it is difficult 
to explain all the variations by means of the limited number of factors 
that can be demonstrated in the usual experiment and, furthermore, the 
attributes of a tumor are not immutable in this respect. Whether the 
known heterogeneity of cell populations offers sufficient additional ex-
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planation is difficult to determine (see Hauschka, 1953). The author 
prefers to assume that although every cell is a more or less accurate 
replica of its progenitors there may be some variations in the phenomena 
under discussion that depend upon cell characteristics whose nature 
we have not yet determined. 

E . THE ANTIBODIES 
The search for antibodies has been difficult and has led to negative 

results for the most part. Some positive results have been reported but 
they have not furnished a satisfactory solution to the problem. 

Undoubtedly a tumor contains many antigenic substances and, under 
suitable conditions, antibodies against them can be demonstrated. How
ever, such a demonstration may leave several critical questions un
answered. Genetic factors must be taken into consideration in some 
observations. The classic example of cytotoxin against a tumor is found 
in the work of Lumsden (1937), who worked with heterogeneous ani
mals. Phelps (1937) demonstrated that in such animals the reaction 
depended upon the foreignness of the cells and not upon their neoplastic 
qualities. The observation of an antibody in any system which is heter
ogeneous may have nothing to do with a tumor as such. Another point 
which may cause difficulty is the presence in the tumor of some 
extrinsic agent. Probably all such agents are antigenic and neutralizing 
antibodies against them have been demonstrated, but Rous showed that 
resistance directed against a chicken tumor agent differed from that 
directed against the cells of the tumor (1913). Thus, if an extrinsic agent 
is present, antibodies may be observed that have little to do with the 
basic host-tumor relationship, although they may effectively prevent 
transmission of the tumor. These two difficulties may occur in a mixed 
form. For example, when dealing with chicken sarcoma one must con
sider not only an extrinsic agent, but also a heterogeneous population. 
Preparations consisting mainly of microsomes of Rous sarcoma and 
similar preparations of chick embryo pulp have been used to incite 
antibody formation in rabbits, and the antisera so obtained were indis
tinguishable in complement fixation tests (Furth, 1941), but it was 
possible to distinguish the antibodies directed against the tumor agent 
by appropriate absorption and tests in vivo (Barrett, 1941). These con
siderations suggest great caution in interpreting positive serologic reac
tions in this field. 

Some information regarding the antibody and another possible com
plication can be deduced from the work of Murphy and of Weaver 
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(loc. ext.). It will be recalled that Weaver saw indications of a humoral 
antibody when dealing with a heterologous system; none was seen, how
ever, in the homologous system. The work of these investigators sug
gests a difference in the influence of bits of spleen that depended upon 
the genetic diversity between the materials employed. Another point 
concerns the inactivation of leukemic cells by either heterologous or 
homologous antiserum (Werder, 1952; Gorer, 1942). In the first instance, 
the cells and the host inoculated were homologous but the antiserum 
was derived from a foreign species; in the second instance, all materials 
were homologous. In both cases, however, the inactivation was accom
plished in vitro before inoculation of the cells. It is uncertain how much 
difference these fine discriminations may make but it should be recalled 
that, although the Rous sarcoma agent can be activated in vitro by 
antiserum, Rous (1914) was unable to confer immunity by transferring 
nearly all the blood of an immune fowl to a fowl bearing the tumor. 
This is somewhat related to unpublished work of the author. I observed 
that rabbit antisera against a mouse tumor had a very high precipitin 
titer in vitro, but when 0.5 cc of such antisera was injected into the 
peritoneal cavity of mice it produced no observable resistance against 
a subsequent isogenic transplant of the tumor. This suggests that in the 
homologous system the antibodies differ either in kind or in degree to 
such an extent as to be difficult to detect. 

The primary suggestion that tumor immunity may be mediated by 
a humoral factor comes from the long-established fact that the reaction 
is systemic. Prehn (1953a, b) and Malmgren (1953) carried this postu
late further by studying the immune reaction within transplanted tissues. 
By reciprocally transplanting tissues between immune and nonimmune 
animals and then making secondary tumor inoculations into the primary 
transplants they were able to show that the growth of the secondary 
tumors depended upon the systemic condition of the host and not upon 
the local conditions in the transplanted tissues. They recognized that if 
a sessile antibody had been transferred with the tissue it might have 
been obscured by the ingress of material from the host, but their findings 
show that the effectors of immunity are "mobile" and convert the graft 
to the same status as the host. Presumptive evidence of a similar sort 
has come from experiments on animals in parabiosis. The earlier experi
ments in this field either failed or, if they succeeded, could be explained 
by transmission of the antigen rather than the antibody. Bichel (1949) 
suggested that some failures might be explained on a quantitative basis, 
because in his work the degree of communication between homogeneous 



328 MORRIS Κ. BARRETT 

pairs was much greater than that between heterogeneous pairs. Resist
ance was transferred under the former conditions but not under the 
latter. Fall's work (1953) is subject to neither of these criticisms. She 
induced immunity to a homologous leukemia in mice. Subsequently the 
immune animals were united with nonimmune animals of the same 
strain, after which the latter became immune. 

To sum up, it appears that the state of tumor immunity is systemic 
but the nature of the antibody is not clear. In a heterologous system a 
factor that can properly be called "humoral" seems to be involved, if one 
accepts the preliminary evidence available. Whether this represents a 
qualitative or a quantitative difference from the homologous system 
cannot be determined at present. In the homologous system a "mobile" 
factor is involved but the nature of the factor is not established. 

F. THE ANTIGEN 

Reference to the reviews cited will reveal that this aspect of tumor 
immunity has suffered from the same confusion that pervades the other 
aspects. The generally held view has been that the ability to induce 
resistance against the implantation of a tumor was shared in varied 
degree by all or nearly all cells, whether normal or neoplastic. Most 
workers held that the critical property was inseparable from the living, 
intact cell. A few though that, although it was necessary to employ 
living cells, the active material was a metabolite of the cell, and some 
believed that growth of the inoculated cells was necessary before 
immunity could be established. There was evidence that some antigens 
were more potent than others and dosage effects could be demonstrated 
easily. All these points were subject to controversy (see Snell, 1946, for 
a review of the use of nonliving material). 

Tumors for which a filterable agent had been demonstrated presented 
special problems. As already indicated, the agent could be separated 
from the cells and in this state provided an effective antigen. However, 
it was not certain whether this was a truly special case or whether there 
might be some relationship between this antigen and those of other 
tissues. For example, it appeared possible that in the case of the Rous 
sarcoma the agent, or the antigen, might be an altered normal-cell 
constituent (Barrett, 1941). There is not space for discussion of the large 
amount of work done in this special aspect and the reader is referred to 
Hauschka's review (1952) for a discussion of distinctive cell constituents 
in tumors. 
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Among the materials that may be used to induce immunity to tumors, 
the red cell is unique in several ways. It is easy to obtain in a relatively 
pure state and in any desired quantity. The dose is relatively easy to 
control. It contains no nucleus and appears to be simpler in structure 
than other cells. Much is known of its structure and composition. The 
employment of the red cell appears to exclude the question of growth 
of the inoculum and to reduce the question of metabolism to a minimum. 
Following in the footsteps of Bashford and his coworkers, we have 
studied the induction of tumor immunity by means of a prior inoculation 
of defibrinated blood and have succeeded in making a few advances 
(Barrett 1951, 1953). 

It has been found that homologous blood will induce resistance 
against homologous tumor transplantation but heterologous blood 
will not do so. The blood cells are effective but the serum is not. If the 
white cells and the red cells were separated, it was found that both were 
effective in proportion to the numbers present. It became apparent that 
washed homologous red cells contained or carried an effective antigen. 
[Gorer (1937) believes that the same genes control both histocompati
bility and erythrocyte agglutinogens. This aspect will not be discussed 
here.] The effect of laking upon the red cell antigen was studied by six 
different techniques; three of these resulted in nearly complete dis
integration of the cell membranes, the other three left large quantities 
of ghosts. It could be presumed that all the methods were relatively 
gentle chemically. When the cells were subjected to freezing, or brief 
exposure to distilled water, or brief exposure to mild sonic vibrations, 
very few membranes, or large pieces of membrane, remained. Inoculation 
of such suspensions showed that they had lost their power to produce 
resistance. On the other hand, when the cells were laked by 0.3% saline, 
or 0.02 Μ citrate buffer, or rabbit antiserum, many ghosts remained, 
and such suspensions were as effective in inducing resistance as untreated 
cells. This made it clear that the induction of resistance required neither 
whole nor living cells. However, because disintegration of the cells 
ablated their power to induce resistance whereas partial disintegration 
did not, it was suggested that some degree of architectural integrity was 
required for the effective action of this antigen. It appeared that the 
required degree of organization of the antigen lay somewhere between 
that of a protein and that of a cell. It is possible that the nature of the 
antigen depends, not only upon its constituents, but also upon how they 
are arranged. 
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IV. Prospects in tumor immunity 

As remarked before, study of the interaction of tissues, or of tissue 
and host, has suggested the involvement of forces that are poorly defined 
but seem to increase in importance as facts are accumulated. Such forces 
may be critically involved in the phenomena of embryology, transplanta
tion of normal tissues, and cancer. The depth and extent of the 
involvement and the nature of the forces is undetermined. Nevertheless, 
it is noteworthy that a few fundamental observations have materially 
altered the outlook in these fields. 

These immunogenetic phenomena have an undetermined relationship 
to clinical cancer, but study of such a relationship is not hopeless, as 
many seem to think. Most writers have been careful to point out that, 
at present, the principal phenomena of tumor immunity cannot be ap
plied to the natural disease. However, the presumption that future 
findings could not be so applied must rest upon an unjustifiable claim to 
fore-knowledge. As Stewart recently said, "Because biology has failed to 
discover laws of tumor control, it has no right to assume that they do 
not exist" (1952). 

The statement that an animal cannot be immunized against its own 
tumor has been made by many, including the writer. However, that may 
be true only in a pragmatic sense because it is no longer true that an 
animal cannot be "autoimmunized" (Raffel, 1953). Furthermore, several 
observations indicate that a tumor may differ immunogenetically from 
the host in which it arose. The fact that spontaneous tumors do regress 
in both animals and man will be disputed by few (see Stewart, loc. 
ext.). Such evidence that a host may have some unknown mechanism 
for resisting a tumor is buttressed by many observations, both in clinic 
and laboratory, that occasionally a tumor that would be expected to 
pursue a rapid course may have a very prolonged one. Referring to this 
Ε wing said, "A constitutional immunity is the only satisfactory explana
tion for the resistance which some subjects exhibit to the progress of 
a disease whose course varies from a few weeks to 20 years" (1941, 
p. 587). 

Additional encouragement may be had by considering metastasis 
from a primary tumor. Many observers believe that the escape of tumor 
emboli from a tumor is a relatively frequent occurrence. These emboli 
reach the circulation, but only a part, probably a small part, succeed 
in establishing a clinical metastasis. What keeps them from growing? 
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Could it be some sort of immunologic resistance of the host against its 
own tumor? 

These considerations suggest that some sort of resistance is present 
in the host of a spontaneous tumor. When transplantation is involved the 
immunologic character of the reaction is reasonably clear, but in re
gressing spontaneous tumors this is not at all clear. There have been 
controversial reports of skin sensitization in the presence of tumors and 
of regression of metastases after interference with a primary tumor, but 
the best indication of sensitization to a tumor of which I am aware 
comes from a case of Pack's which was referred to by Stewart (loc. cit.). 
This patient was under radium treatment for a widely disseminated 
cervical cancer which appeared to be radio resistant. Suddenly there was 
a very rapid regression of the tumor accompanied by a systemic reaction 
of allergic type. She remained well for several years but later a small 
lesion of the cervix was treated with radium whereupon she again ex
hibited an allergic reaction. 

In sum, it seems possible that the complex biological interactions 
of a tumor and its host may include some reaction of the host against 
a spontaneous tumor, and the resistance may be of an immunologic 
nature. Some of the confusion that exists in this field may be caused 
by a too simple and too direct transfer of present concepts and knowl
edge to the problem. It is possible that some of the antigens that are 
important differ from other known antigens and the same may be true 
for the antibodies, either in degree or in kind. Perhaps we should search 
more diligently before giving up hope that help with practical problems 
lies in this direction. To again quote from Stewart, "[Sufficient] thinking 
in the cancer field . . . has not been . . . given to biological control by the 
host. . . . We lack . . . the knowledge to undertake [it]. Still, I am willing 
to predict that the solution will be [this] . . . and that it may not be too 
many decades away." 
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