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THE USE OF DIFFUSION CHAMBERS IN THE INDUCED
REJECTION OF A TRANSPLANTABLE

RAT TUMOR
CHAPTER I
INTRODUCTION

Animals are able to recognize and react to "foreign'" cells whenever
such cells are placed in the internal environment of.an untreated, non-
related recipient. The fact that these cells or tissues are recognized
as being "foreign" to the host is evidenced by their selective destruc-
tion, by activities of the host, within a relatively constant and short
period of time (Medawar, 1944, 1948; Billingham et al., 1954; Billingham,
1961). Reportedly, these cells are recognized as being foreign because
they are composed of materials which are different in either composition
or in structure from the cells of the recipient (Campbell, 1957; Hilde-
mann, 1558).

The stimulus for investigating the basic biologic principles in-
volved in the transplantation of tissue from one individual to another
has arisen from two areas of scientific endeavor, one being the desire
to transplant normal tissue from one individual to another (Loeb, 1930),
and the second, the desire to transplant neoplastic tissue in order to
study neoplasia (Little and Strong, 1925). Attempts have been made since
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1890 to transplant normal tissue, e.g., kidney (referred to by Calne,
1963, 1964), and skin (Levin, 1901) from one individual to another.

Such attempts have led to the elucidation and a more clear understanding
of the basic biological laws which govern the transplantation of tissues
or organs (Russell and Monaco, 1965).

The second impetus to transplantation studies dates from 1868
(Doutrelepont, 1869) when the first recorded attempt was made to trans-
fer a spontaneous tumor from one animal to another. Attempts such as
Doutrelepont's and others (Novinsky as reported by Shimkin, 1955, 1960)
soon led to the discovery of inoculable rodent neoplasms. Morau (1891,
1894) appears to have been the first to conduct a systematic survey of
tumor-host relationships. He initiated the transfer of an autochthonous
epithelioma from a mouse.to other mice and was able to carry this tumor
through seventeen serial transfers. The effects of age, sex, and pre-
disposition to tumor growth in the first-generation offspring of tumor-
bearing mice were his principle interests. He found that epitheliomas
of the white mouse are inoculable into animals of the same species and
that heredity plays a considerable role in the ability of these neoplasms
to develop. The utility of tumor transplantation as an experimental tool
thus became apparent and led to the establishment of the first rodent
tumor-cell lines by Loeb (1901, 1902a, 1902b), and Jensen (1903). These
investigators were able to establish cell lines of a transplantable sar-
coma and a carcinoma which were carried through 150 and 19 consecutive
generations, respectively (Loeb, 1901, 1902; Jensen, 1903). Attempts
were made by Jensen to transplant the tumors to various species of mice

but, with one exception, these were unsuccessful. Soon thereafter
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additional groups attempted to transplant spontaneous neoplasms which.
arose in their laboratory stock animals. Ehrlich by 1906 had been able
to convert 1l mouse tumors, from among a total of 94 autochthonous
growths which occurred in his colony, into transplantable cell lines
(Ehrlich, 1906). Bashford corroborated the findings of Jensen and
Ehrlich but due to failures in attempts to transplant neoplasms in many
species of animal he developed the conviction that, "The problem of the
genesis of a malignant new growth must be distinguished from that of the
circumstances which permit of its continued existence' (Bashford and
Murray, 1904).

The investigations of Tyzzer (1907a, 1907b), and also those of
Little (1914, 1920a, 1920b, 1925, 1941), developed the concept that the
genetic relationsﬁip between the donor and the recipient is a matter of
great importance in the transplantation of tissues. Little'(l922) and
later Snell (1955, 1958) developed lines of inbred mice which have been
used to gain a more complete understanding of the genetic basis of trans-
plantation. They have shown that a genetic uniformity will be developed
in a closed population when the mice are mated brother x sister for ap-
proximately 20 generations (Snell, 1948). Theoretically this has occur-
red by progressively increasing the proportion of homozygous gene pairs
present (Wright, 1933; Haldane, 1936) such that an inbred strain is said
to have been attained when the proportion of such gene pairs is close to
100%. When an orthotopic skin graft is made between two individuals of
such an inbred strain the graft will be permanently accepted by each in-
dividual as if it were its own tissue (Brent, 1958). Such a transplant

is called an isograft.
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Whenever a graft of any tissue is made between two individuals of
two separate by inbred strainé of the same species, the graft will be
accepted for a period of time but will eventually stimulate the respec-
tive hosts to form resistance factors against the tissue of the graft.
These resistance factors will then attack the graft and cause it to be
destroyed or sloughed in a characteristic manner (Medawar, 1944, 1946,
1948; Billingham and Medawar, 1951). Such a graft is called a homograft
and the rejection of such tissue is called a homograft rejection or re-
action (Snell, 1957; Brent, 1958; Medawar, 1958). This tissue rejection
has been shown to be highly specific because a second graft of tissue
from the same source will be rejected in a much shorter period of time
by the "“sensitized" host. Such an accelerated rejection is called a
"second-set" response; If similar tissues, e.g., skin, are obtained
" from a second, separate, unrelated source and transplanted to this same
"sensitized" host they will not elicit an accelerated rejection but will
be rejected as though they were primary homografts which, genetically
and antigenically, they are.

The early investigators of the phenomenon of neoplasia made use of
transplantation of neoplasms in order to study the neoplastic process.
It has now been made clear that, instead of using transplantation to
study neoplasia, they were using neoplastic tissue to study the biology
of tissue transplantation. It has now been well established that neo-
plastic tissue obeys the same laws of transplantation as normal tissue
transplants (Gorer, 1948). Autochthonous tumors which arise in one ani-
mal of an inbred strain have been shown to be freely transplantable to

all other members of that same inbred strain. Such established tumors
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show progressive growth which is lethal to 99-100% of the recipients
(Gorer, 1938; Spencer, 1942). An additional finding was that such auto-
chthonous tumors could not usually be transplanted from one inbred strain
to another (Snell, 1958).

The inability to transplant the tumor across certain genetic lines
of inheritance plus the fact that this incompatibility was linked to the
inheritance of an antigen of red blood cells (Gorer, 1937, 1938; Gorer
et al., 1948) and certain other inheritable mérphological features of

the mouse (Gorer et al., 1948) led to the definition of a genetic system

which is called the Histocompatibility system {Snell, 1948; Gorer et al.,

1948) . Whenever an autochthonous tumor from one inbred mouse strain was
transplanted to another inbred mouse strain and was subsequently rejected
by the host, the strains were said to be different from each other at a
hypothetical genetic locus. The first such locus discovered was called
the Histocompatibility-2 locus (Snell, 1948). This genetic locus is com-

posed of 18 alleles (Snell et al., 1964) and reportedly controls one com-

plete portion of the antigenic make-up of tissue cells as well as an
antigen of red blood cells (Gorer, 1938, 1939). The following generali-

zation is now well established (Gorer et al., 1948; Snell et al., 1953;

Snell, 1957, 1958a). Whenever the host and the tumor cells from a donor
differ from each other at the H-2 locus, a tumor transplantation between
the two will grow for a while and then be rejected. Tumor transplants

will not grow progressively to the death of the host across an H-2 in-

t al., 1957). The converse of the above is also

compatibility (Snell
believed to be true, i.e., if a transplanted tumor grows progressively

in a host, the tumor cells and the host do not differ at the H-2 locus



(Snell, 1963).

Other histocompatibility loci have been defined with the use of
orthotopic skin grafts (Billingham and Silvers, 1960) or transplantable
tumors (Snell, 1953) as the transplanted tissue. These have been termed
histocompatibility loci H-1, H-3 (Snell, 1958b), H-4 (Sngll'and Stevens,
1961), H-5 and H-6 (Amos et al., 1963), and H-7, H-8, H-9, H-10 and H-11
(Snell and Bunker, 1965). Tumor transplants will grow progressively and
kill the host even when an incompatibility is present in any of the loci
from H-1 to H-11, with the exception of H-2 (Snell and Bunker, 1965).
These, therefore, have been called the "weak" loci (Counce et al., 1956)
whereas the H-2 locus is called the '"strong" locus (although the H-1 and
H-3 loci have been shown to be much stronger than the H-7 through H-11
loci [Snell and Bunker, 1965 ). Other animals, e.g., fish (Kallman and
Gordon, 1958) and guinea pigs (Bauer, 1960) have also been shown to have
similar histocompatibility systems. In addition, recent reports (Bogden
and Aptekman, 1962) demonstrate that highly inbred strains of rats have
a histocompatibility system, analogous to that of the mouse, which con-
trols the antigenic make-up of certain red blood cell antigens (Bogden
and Aptekman, 1960, 1961) as well as that of tissue cells (Billingham
et al., 1962).

The active physiological mechanisms responsible for the rejection
of tissue transplants, both normal (Titus and Shorter, 1962) and neo-
plastic, have attracted much interest (Prehn and Main, 1953, 1954).
Fundamentally, two concepts, one dealing with classical humoral anti-

bodies and the other with cell-bound antibodies, have been proposed as

an explanation of the observed incompatibilities of normal and neoplastic



-7 -
transplants. Classical humoral antibodies to tumor homografts are com-
monly produced (Amos, 1960), but their participation in tumor rejection
has been clearly demonstrated only in a limited number of tumor-host
combinations (Winn, 1960). On the other hand, numerous reports implicated
the macrophage (Gorer, 1956, 1958; Baker et al., 1962; Journey and Amos,

1962; 0ld et al., 1963); and/or the lymphocyte (Murphy, 1926; Darcy, 1952;

Weaver et al., 1955; Mitchison, 1955; Mitchison and Dube, 1955; Kidd,
1950) as Being the causal agents in the destruction of homografts as ad-
judged by their intimate contact with dying transplanted cells, either
neoplastic or normal, during the course of a homograft rejection.

Several techniques have been employed in attempts to define precisely
the relative contributions of humoral antibody and/or '"cell-bound" resis-
tance factors to the homograft rejection of transplanted tissue. The
studies of Mitchison (1955) were particularly informative in defining
the role played by 'sensitized" lymphoid cells. He showed that, if re-
cipient mice of one inbred strain are immunized by a tumor graft against
the isoantigens of a different inbred donor strain, the lymph nodes in
the recipient mouse draining the site of the graft can be used to "adop-
tively transfer'" specific immunity to other mice of the same inbred
strain. Placing such "sensitized" lymph nodes intraperitoneally inhibit
the growth of an implant of the original tumor which is placed subcutan-
eously.

Other workers (Toolan, 1951, 1953, 1954a, 1954b) have utilized tech-

niques which were designed to (a) inhibit the production of humoral anti-

body (Fischel et al,, 1951; Kass and Findland, 1953) or (b) depress "cell-

bound" resistance by the physical removal of lymphoid cells (Apolant,
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1911). These workers reasoned that the persistence of a tissue graft,
made under these conditions, would implicate humoral antibody and/or
lymphoid cells in the normal process of tissue rejection. Cortisone has
been widely used in this regard (McMaster and Franzl, 1961), It was
shown that cortisone depressed humoral antibody formation (Berglund and
Fagraeus, 1956; Fagraeus and Berglund, 1961), but others demonstrated
that it also destroys lymphoid tissues (Dougherty and White, 1945;

Bjorneboe et al., 1951; McMaster and Edwards, 1957). Therefore, a clear-

cut distinction between these two possible mechanisms could not be made
by the use of this hormone.

Algire (1954) has attempted to maintain the normal physiological
activities of the lymphoid tissues but to also clearly delineate the in-
fluence of contact between lymphoid cells and the cells of a homograft.
He suggested that filters made of a porous nitrocellulose material, when
placed between the cells of a graft and those of the host, would permit
the maintenance of viable tissue grafts in the body of a host but would
prohibit host cells from coming into contact with and thereby destroying,
if that was their nature, the grafted cells. It was further hypothesized
that any soluble cytotoxic substances would be able to pass through the
filter and affect the grafted cells. Using such filters and a plastic
ring, he constructed a chamber, in which he placed tissue grafts, which
was then, in turn, implanted in the abdominal cavity of a mouse. Since
such transplants lived for long periods of time it was thereby demon-
strated that the tissue cells of the graft received adequate nutrients

by diffusion from the peritoneal fluids. Also, it was shown that host

cells could not enter the chamber nor could tumor cells leave if the
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diameter of the pores of the.filter were of proper size (Algire et al.,
19545 Algire and Moore, 1959). Antibody proteins, as well as nutrients,
may pass freely through certain types of these filters (Holub and Riha,
1960), but in an in vitro study certain large protein molecules have
been shown to be excluded by filters which have a pore size of small
diameter (Gorin and Fuchs, 1961).

Utilizing Algire's diffusion chamber technique, Weaver et al. (1955)
placed homografts in diffusion chambers which were then implanted in the
abdominal cavity of host mice that had been specifically '"sensitized"
against these tissues. He was able to show that such tissues would be
viable and intact when removed from chambers that had spent long periods
of residence in the host. He concluded that any resistance factors pre-
sent in the host were not able to cross the millipore filter and thus
affect the cells in the diffusion chamber. A second critical experiment
was done by placing lymphocytes of sensitized animals, along with tissues
which were used to "sensitize" the donor of the lymphocytes, in a dif-
fusion chamber which was then implanted in a non-sensitized, genetically

identical host. The presence of "

sensitized" lymphoid cells in the
chamber was shown to have a destructive influence upon the cells of the
homograft and, further, that lymphocytes were in intimate contact with
the dying cells of the homograft, Algire and Weaver concluded that for-
eign tissues (homografts) could be maintained in an intact and, there-
fore, presumably viable state when implanted in diffusion chambers in a
homologous host as long as cells of the host, and consequently an resis-

tance factors strongly attached to those cells, were excluded from the

chambers.
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The more important question was whether tissues transplanted in such
chambers functioned in a normal physiological manner. Investigations
have shqwn that certain types of tissue were able to carry on their in-
nate physiological functions while in such chambers. Sturgis and
Castellanos (1957) have shown that ovarian tissues residing in such cham-
bers can maintain a relatively normal estrous cycle in an ovariectomized
female mouse. Other types of endocrine tissue have been transplanted in
diffusion chambers with the general finding that these transplanted tis-

sues remain intact (Stone et al., 1960; Brooks et al., 1960) and func-

tional (Stone and Kennedy, 1962), even when they are transplanted across

species lines (Stone and Kennedy, 1964). Neoplastic cells have also been
shown to remain intact and viable for as long as ten months of residence

in a diffusion chamber implanted in a suitable host (Amos and Wakefield,

1958) .

Tests, other than the measurement of secretory function of tissue
implanted in a diffusion chamber, were desired so that an estimate could
be made of the viability of non-secreting tissues both normal (0'Steen,
1961) and pathological (O'Steen, 1962, 1963). Algire usually used histo-
logical tests to decide whether the tissues removed from diffusion cham-
bers were viable. 1In a few inctances he used the biological test of
transplanting the tissue from the diffusion chamber into an animal which

t al., 1954). If

was genetically similar to the tissue donor (Algire
the transplanted tissue grew in the host he concluded that it was viable

while "in residence' in the chamber. Another test was simply the breaking
of a millipore filter of an in situ chamber which contained leukemic cells.

The subsequent occurrence of leukemia and the death of the host attested
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not only te the viability of the cells but to their lethality as well
(Algire and Moore, 1959).
The experiments described above and numerous others (Dvorak and

Waksman, 1962; Parrish and Kleinfeld, 1963; Levey et al., 1963, Najarian

and Feldman, 1962, 1963; Osoba and Miller, 1964; Capalbo et al,, 1964)
which have employed diffusion chambers very similar to those utilized by
Algire indicate that the diffusion chamber itself does not have a direct
effect upon tissues which are placed inside it. Specific experiments
have confirmed this finding (Wilson, 1965).

However, modifying the construction of diffusion chambers by using
an acrylic glue instead of a lucite-acetone mixture (as was used by
Algire) has raised the question of whether tumor cells are, indeed, al-
tered by residence in such chambers (Palmer, 1962). It h;s been shown
that the lethality, but not the viability, of certain transplantable
neoplastic tissues are greatly affected by residence in such chambers
(Palmer, Keyl and Dabney, 1965). Tumor cells taken from such acrylated
chambers and transplanted to susceptible Holtzman albino rats grew,
causing large tumors, which then regressed. This was in distinct con-
trast to the demonstration that similar tumor”transplants from the Algire
type of chamber grew progressively to the death of the host. It was,
therefore, concluded that the acrylated diffusion chamber, in some manner,
altered the tumor cells so that they elicited a homograft reaction when-
ever they were transplanted into a highly susceptible animal.

This work strongly suggests that these neoplastic cells were "altered"
experimentally so that they were recognized by the host as being '"mot-self"

and were destroyed by an immunological mechanism. This is a provocative
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idea with important potentiality. If this procedure can be extended,
similar treatment of excised portions of autochthonous tumors should,
upon reimplantation, elicit the formation of resistance toward the parent
tumor as well as the "treated" portion. Accomplishing this, it would
then seem likely that this technique could be applied to therapeutic
treatment of many autochthonous tumors.

To determine whether this diffusion chamber technique of altering
neoplastic cells has a broader biological application, a preliminary
experiment was carried out using a different transplantable rat tumor,
the Murphy-Sturm Lymphosarcoma (MSL). It was found that this neoplasm
also would develop into a large tumor, which then regressed whenever it
was transplanted from an acrylated diffusion chamber into highly suscep-
tible rats of the Holtzman strain.

This present work is concerned with further investigation of the
variables inherent in this type of tissue transplantation experiment,
i.e., (a) those dictated by the nature of the construction of the acry-
lated diffusion chamber, (b) the influence of the in vivo system employed
to keep the cells alive while in the chamber, (c¢) the nature of the re-
sistance to the transplant which is displayed by the susceptible Holtzman
rat, and (d) whether the rejection of the "altered" tumor cells substan-
tially enhances the resistance of the animal to additional challenges of
"altered" or of unaltered lethal transplants of the same neoplastic

tissue.



CHAPTER IT

MATERIALS AND METHODS

The presentation of this chapter will be in the following sequence:
(1) materials used; (2) basic experimental plan; (3) aims and specific

design of each type of experiment.

Materials

Animals

All the animals used throughout this work were from a strain of the
domestic albino laboratory rat which is bred and supplied commercially

from a closed breeding colony (McQuarrie et al., 1959). The nature of

the breeding of this rat and the degree of homozygosity which has been
obtained is of great importance to this type of investigation. The
supplier (Holtzman Rat Company) has practiced selective breeding in an
attempt to develop a commercial rat which would be uniform in regard to
size and growth rate, gentleness, and vigor (McQuarrie et al., 1959).
This has been accomplished by periodic selective brother x sister mating
(i.e., inbreeding) for several generations with the subsequent establish-
ment of a pen-bred commercial colony from the offspring (Holtzman, 1965).
The selective inbreeding directed toward the above aim has concomitantly
produced considerable genetic homozygosity in this population. The de-
gree to which this has occurred has been tested (Billingham and Silvers,
1959) by the exchange of skin grafts randomly and between paired female
rats with the conclusion that animals from this commercial colony are
"virtually isologous" (McQuarrie et al., 1959), Other workers (Matter

- 13 -
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et al.,, 1963) have also investigated, by the use of the sensitive skin
grafting technique, the isologous nature of this partiéular strain of rat
with the conclusion that autologous and homologous grafts survive for
such long periods of time (both >120 days) that this strain of rat "has

reached a state of histocompatibility."
Tumor

The transplantable tumor used in the experiments reported here is
a lymphosarcoma which was originally developed by Murphy and Sturm (1941)
from 1938 to 1941. They developed the transplantable form of the 1ympho—.
sarcoma from a leukemia which they induced with 1,2,5,6-dibenzanthracene
in a colony of Wistar rats. The specific tumor cell line of the Murphy-
Sturm Lymphosarcoma (MSL) utilized in these experiménts was obtained in
1963 from the laboratory of Hruban and Slesers of the University of Chi-
cago. The tumor has been carried since then by re-transplantation every
9 to 18 days in the thigh muscle of female Holtzman rats (180-200 grams).
The tumor homogenates used for re-transplantation, as well as those used
in all of the experiments of this present work, were prepared in the
following manner. Several animals which carried the tumor were sacrificed
by cervical fracture. The several tumor;—wére excised from the respective
thigh muscles, debrided if necessary, and placed in a bath of sterile iso-
tonic saline at room temperature. The tissue was minced slightly with
scissors and then homogenized in a coarse-grade glass homogenizer using
sterile isotonic saline as the diluent. All instruments, syringes, and
glassware which were used had been thoroughly washed and rinsed. A final

rinse with boiling distilled water allowed a clean technique but strict
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asepsis was not attained. Since the tumors from several rats were always
mixed when re-transplanting the tumor or when preparing a homogenate for
an experiment, any tendency toward the creation of a subline of the tumor,
different from the initial transplant, was minimized. Each new prospec-
tive host of the tumor was inoculated with one milliliter (ml) of the tu-
mor homogenate in a thigh muscle. These animals also received an inocu-
lation of a mixture of procaine penicillin G, benzathine penicillin G

and potassium‘penicillin G in the opposite thigh muscle and were given
additional supbortive injections of the same material, if needed. The
tumor inoculations.developed into large tumor growths within 7 to 9 days
which culminated in the death of the host in approximately 16 to 20 days.
This pattern of tumor growth, i.e., its viability, lethality, and rate of
growti. has not changed perceptibly since the first transplantations were
carried out in this laboratory, thus signifying that this tumor has been

stable during the time the experiments to be described were done.
Diffusion Chambers

The diffusion chambers used in these experiments were constructed of
a short cylinder 5 mm in height and 20 mm in diameter, which had a milli~
pore filter (Type HA 0.45u diameter pore size)1 attached to each open
end, thus forming an enclosed chamber. Each cylinder used as the skeleton
of the chamber had a small hole (one millimeter in diameter) drilled
through one side so that a brei of cells could be introduced through a
syringe needle into the chamber.

Cylinders composed of two different materials were used in certain

lMillipore filter, Millipore Filter Corporation, Bedford, Massachusetts,
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portions of this investigation, one being made of glass while the other
was composed of an extruded plastic (lucite).

Two variations of each of these two general types of chamber were
created by the use of two different adhesives when the millipore filter
was attached to either the glass or the plastic cylinder. These two ad-
hesives were either (a) one made by dissolving the extruded plastic (lu-
cite) in acetone, or (b) a commercial adhesive which has an acrylate
plastic base with ethylene dichloride as the solvent. This procedure,
therefére, produced four types of diffusion chamber, i.e., (a) one com-
posed of a glass cylinder with lucite dissolved in acetone as the adhes-
ive, (b) one composed of a glass cylinder with the acrylate glue as the
adhesive, (c) one composed of é lucite cylinder with lucite dissolved
in acetone as the adhesive, and (d) one composed of a lucite cylinder
with acrylate as the adhesive.

The glass or plastic cylinders were boiled in distilled water and
then air dried before being used as the skeleton of a chamber. Precau-
tion was taken to attach the millipore filters to the cylinders under
clean conditions. Ethylene oxide vapor has been used extensively

(Algire et al., 1954; Dvorak and Waksman, 1962) by other investigators in

an attempt to sterilize the chambers after construction. But since it
has been shown that ethylene oxide alters plasma proteins so that they
become antigenic (Maurer, 1961) this procedure was not followed. The
chambers which were constructed on any one date were stored in a covered,

clean glass beaker until they were used in an experiment.
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Basic Experimental Plan

The initial procedures followed in each experiment of this present
work consisted of four basic steps which are presented in Figure 1 and
are labeled a, b, ¢, and d.

A fresh homogenate, prepared as described above under the heading
TUMOR, of the Murphy-Sturm Lymphosarcoma (MSL) was used in all of the
experiments reported in this investigation. Immediately after the homo-
genate was prepared it was injected by syringe through a small hole in
the wall into the chamber. This small hole was then sealed with a com-
mercial gluel at which time the chamber was momentarily set asidg while
the Holtzman rat which was to serve as the host for the chamber was pre-
pared. Each of these rats was anesthetized with ether, the abdominal
hair was clipped and a mid-line incision was made through the skin and
abdominal muscles to permit two tumor-filled chambers to be inserted in-
to the peritoneal cavity. The incision was closed with sutures and skin
clamps. This procedure was repeated until all of the chambers of any
particular experiment had been implanted. The chambers were removed from
these rats after approximately two to six hours at which time the tumor
cells were taken from the chambers by aspiration with a syringe. The
tumor homogenate from a single chamber was then injected subcutaneously
in the dorsal mid-~lumbar area of a single rat. This implantation of the
tumor tissue allowed a method of assaying the viability and lethality
characteristics of the tumor cells after short periods in the diffusion

chambers. It should be emphasized that the subsequent fate of these

Ia1a purpose WELDIT cement, Weldit Corporation, New York 1, New York.
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TUMOR
HOMOGENATE

a) a tumor homogenate 1is
placed in a diffusion
chamber

the diffusion chamber is
placed in the abdominal
cavity of a Holtzman rat

[ ]
.

c) the chamber is removed
after a specified period
of time

d) the tumor cells are
taken from the chamber and
injected subcutaneously
into a Holtzman rat

Figure 1. Basic Experimental Plan
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impiantations was the critical information sought in all such experiments.
Each of the animals which received the material from a diffusion chamber
was also given an intramuscular injection of 0.5 ml of a mixture of pro-
caine penicillin G, benzathine penicillin G and potassium penicillin G.
The rats received water and rat ration ad libitum and were checked each
day. The dates of appearance of initial palpable tumor growth, initial

day of apparent rejection of the tumor, or date of death of the rat due

to tumor growth were recorded. Any sign of infection, although rare, was
promptly treated with additional injections of penicillin.

_Aliquots of each tumor homogenate prepared aﬁd utilized in the above
manner were also injected into a series of untreated control rats after
all of the diffusion chambers had been filled with the homogenate and im-
planted. The rats so injected were observed on the same schedule as the
experimental rats. In this manner the viability and lethality of each
tumor homogenate used in the course of these experiments were determined.
The decision as :o whether a rat died as a direct consequence of tumor
growth was a subjective one. When animals died in the absence of apparent
infection and at the same time possessed a large tumor, the death was at-
tributed to the neoplasm.

The criterion of tumor rejection was an objective one, either the
tumor killed the rat or the rat rejected the tumor. Tumors developing
from implantations such as those described above grew to an appreciable
size, and when rejected, followed this pattern. A black scab always
formed in the skin overlying a tumor which was to regress. The scab per-
sisted as the tumor progressively diminished in size but was finally
sloughed. The wound healed with some scar formation and with little hair

growth in the immediate vicinity of the scar.
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Aliquots of several tumor homogenates prepared as described above
were stained with trypan blue and counted in a hemacytometer to get an
estimate of the number of lymphosarcoma cells per milliliter of tumor
homogenate and the proportion of viable to non-viable cells (Schrek,
1936; Tennant, 1964). Representative tumor homogenates, two to four
hours after preparation, had a tumor-cell count of 4 million to 6 million
cells per milliliter with approximately 86% of the cells being unstained

and, therefore, viable.

Aims and Specific Design of Each Type of Experiment

The specific experiments done in this work were directed toward elu-
cidating five major questions relative to the induced rejection of the
Murphy-Sturm tumor .transplanted from diffusion chambers. They were:

a) Experiments designed to illustrate the influence of the acry-

lated chambers upon the incidence of tumor rejection (Experi-
ments A-1, A-2, A-3, A-4).

b) Experiments to determine whether an in vitro system could be -
substituted for the animal host of the diffusion chambers (Ex-
periments B-1, B-=2).

c) Investigation of the nature of the primary resistance displayed
by Holtzman rats to tumor transplants from acrylated diffusion
chambers (Experiment C-1).

d) Investigation of the "resistant" state of animals which have
once rejected tumor transplants from acrylated diffusion cham-
bers (Experiments D-1, D-2, D-3).

e) Determination of the degree of natural incompatibility of the
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Holtzman rat to the Murphy-Sturm LympH;;arcoma (Experiments

E-1, E-2, E-3),

The details of the experiments, designed to investigate the above
questions, are described below.

Influence of Components of Modified Diffusion Chambers
Upon Incidence of Tumor Rejection

It was proposed to vary the several components of the diffusion
chamber, when constructed, in order to determine the precise contribution
of each to the rejection of transplanted tissue. Specifically it was
planned to:

(1) substitute a glass cylinder for the lucite skeleton of the
diffusion chamber;

(2) wutilize two separate adhesives, i.e., the acrylic glue
(Experiment A-1) and another composed of lucite dissolved
in acetone (Experiment A-2), in construction of the glass
diffusion chambers, thus giving two different types of
glass diffusion chamber based upon the two different glues
used;

(3) deliberately increase the amount of acrylic glue used in
the construction of several different groups of lucite
diffusion chamber to determine whether the rate of rejec-
tion of transplants made from such chambers would be affected
(Experiment A-3);

(4) determine whether the interval of time between construction

of a diffusion chamber and its use in an experiment is an

important variable (Experiment A-4).
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Experiment A-1 and A-2.-- Glass cylinders have been described as

completely inert when used as diffusion chambers (Amos, 1961). There-
fore, two different types of glass diffusion chamber were constructed,
as described previously, by using the acrylic glue (Experiment A-1) or
lucite dissolved in acetone (Experiment A-2) as the adhesives to attach
the millipore filters to the glass rings. Chambers so constructed were
utilized in several experiments which closely followed the basic experi-
mental plan (Figure 1).

Experiment A-3 (increase of acrylic glue).-- To determine whether

the incidence of rejection of tumor transplants, made from a group of
acrylated diffusion chambers, was related to the amount of acrylic glue
in a chamber, the amount of glue in the chamber was increased in definite
steps in sevefal groups of diffusion chamber. The first group was con-
structed by applying the acrylic glue only to the edge of the cylinder by
which the millipore filter was attached. In the second group of chambers
the amount of glue in each chamber was increased by applying the glue not
only to the edge but to 25% of the surface of the inside wall of the ecyl-
inder before attaching the millipore filters. The third group had 50%

of the interior wall covered in this manner while the fourth group and
fifth group had 75% and 100% covered, respectively. These diffusion
chambers were used in a series of experimenfs which were conducted as de-
scribed in the Basic Experimental Plan.

Experiment A~4 (age of chamber).-- Pilot studies indicated that the

age of the chamber had some influence upon the percentage of rejections
of the MSL when it was transplanted from acrylated chambers. To test this

aspect further, several groups of the most efficacious type of diffusion
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chamber, i.e., those with 75% of the inner wall covered with acrylic glue,
were constructed and set aside for different periods of time before they
were used. Groups of diffusion chamber were used after they had aged for
two days, or six to eight days, or 13-18 days, or 21-31 days. These cham-
bers were employed in the basic type of experiment described previously.

Effect of an IN VITRO System of Maintaining Tumor Tissues in
Diffusion Chambers Upon Incidence of Tumor Rejection

The experiments described below were designed to determine whether
the same pattern of tumor growth and subsequent regression would occur
whenever the tumor tissue had been incubated in an in vitro system rather

than in a living rat before it was transplanted.

Experiment B-l.-- The diffusion chambers used in this experiment were

constructed with the acrylic glue but did not have increased amounts of
the glue on the inside surface. The acrylated chambers were filled with

a homogenate of the MSL and placed in a bath of either a) Hank's balanced
salt solution, or b) isotonic saline, both of which were maintained at
37°C. Neither of the in vitro solutions had plasma, serum, or amino acids
added to them. Groups of tumor-filled diffusion chambers were removed
from the in vitro baths after one hour, three hours, and six hours of in-
cubation, at which time the tumor cells were taken from each chamber and
injected individually into a susceptible rat.

Experiment B-2.-- In this experiment, instead of using the acrylated

diffusion chamber as a container for the tumor homogenate, a series of
glass test tubes were used which had been painted with the acrylic glue
on their interior surface. These tubes had been prepared and set aside

for different periods of time and thus were of several different ages on
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the day they were used. A tumor homogenate was prepared (using Hank's
solution as the diluent) and placed (one ml/tube) in the acrylated test
tubes while they were maintained at 37°C. in a water bath. After certain
intervals of time, viz., 30 minutes, one hour, three hours, and six hours,
the tumor homogenate from each test tube of the particular age groups
was removed and injected separately into susceptible albino rats. A
group of glass test tubes which had not had the acrylic glue application
were also used in the experiment to serve as controls.,

Nature of Resistance of the Susceptible Rat to Tumor
Transplants from Modified Chambers

These experiments were conducted to inveétigate the mechanisms re-
sponsible for the rejection, by susceptible rats, of tumors which develop
from transplants of tumor cells from acrylated diffusion chambers and al-
so to determine if possible whether this rejection is analogous to the
homograft rejection of neoplastic tissue by a genetically intolerant rat.
It is now established that the reticuloendothelial system in general and
lymphoid tissue in particular is responsible (Russell and Monaco, 1965)
for the rejection of homologous neoplastic tissues. It has also been
shown that either splenectomy (Apolant, 1911) or cortisone administration
(Stoerk, 1951; Stoerk et al., 1953) depresses the activity of these tis-
sues and thus encourages grafts of neoplastic tissue. Therefore, these
two techniques were used to investigate the nature of the resistance of
the rat to "treated" tumor transplants.

Experiment C-l.-~- A fresh tumor homogenate was prepared and promul-

gated according to the Basic Experimental Plan. Instead of injecting

untreated animals with the tumor material from the acrylated chambers
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the transplants were implanted in rats which had been treated in the
following manner:

(a) one group was splenectomized one day prior to the tumor
implantation and, in addition, received 20 mg/Kg. of corti-
sone acetate per day subsequent to the challenge with the
tumor;

(b) the second group received 20 mg/Kg. of cortisone acetate
per day after the injection of the "altered" tumor cells;

(c) the third group was splenectomized one day prior to the
iBjectioﬁ of the "treated" tumor homogenate;

(d) the féﬁrtﬁ.gfoup received only the tumor transplant from
acrylated chambers and were not splenectomized and thus
served as controls for the tumor cells taken from such
chambers.

Nature of Immunological State of Animal Which has Once Rejected

Tumor Transplants from Modified Diffusion Chambers

Several techniques are available whereby the immunological state of
a "sensitized" animal can be determined. One of the more sensitive and
dramatic of these is provided by a second tranéplantation of the sensi-
tizing tissue to the '"sensitized" host. Such animals respond to such a
stimulus by an accelerated rejection of the transplant, i.e., a "second-
set" response (Hildemann, 1959). The fourth objective of this investiga-
tion was to determine whether those animals which have once rejected an
initial transplant of "altered" tumor cells wéuld demonstrate a ''second-
set" response to similarly treated tumor, i.e., now be "sensitized" to

the tumor. If a "second-set" response could be elicited by this procgéure,
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then a second question would be investigated. It has been shown that
"sensitized" animals which are challenged several times with the sensi-
tizing antigen develop a hyperimmune state of resistance toward that
antigen. It was planned to investigate the question of whether such a
hyperimmune condition could be thus elicited such that the animal would
resist challengeg of untreated, lethal tumor cells (Experiment D-1).

An ancillary investigation was also planned. It has been been shown
that animals which have once rejected a tumor transplant are strongly re-
sistant to further challenge with that particular tumor (Smell, 1959).

If the experiments described above discovered a resistant state in animals
which had been challenged with "altered" tumor cells, then the experiment
described below (Experiment D-2) would be attempted.

Experiment D-1,-- Albino rats, which had once rejected tumor trans-

plants from acrylated chambers, were injected with similarly treated neo-
plastic tissue upon two subsequent occasions. These animals were then
challenged with a lethal untreated homogenate of the Murphy-Sturm Lympho-
sarcoma. This experiment was carried out a second time with a different
group of rats but they were inoculated with "treated" tumor material only
upon one subsequent occasion after they rejected the initial implantation.
They also were finally injected with a 1ethal tumor homogenate. The iden-
tical protocol was followed a third time but these animals were given the
lethal untreated neoplastic tissue after the single initial rejection of
"altered" tumor cells.

Experiment D-2.-- To determine whether the ''second-set" response

firmly established by the above experiments (Experiment D-1) could be

easily obtunded, a group of animals which had rejected the initial challenge
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of "altered" tumor implants were splenectomized and then inoculated with
a lethal untreated homogenate of the MSL.
Degree of Natural Incompatibility Between Murphy-Sturm
Lymphosarcoma and Holtzman Rat

For a critical assessment of the rejection of tumor transplants from
acrylated éhambers (by the Holtzman rat), one must compare such rejections
with the inherent incompatibility of that particular tumor-host system.
Specific experiments were done to determine the degree of inherent incom-
patibility existent between the Murphy-Sturm Lymphosarcoma and the Holtz-
man strain of rat (Experiment E-1). Additional data in this regard were
supplied from two sources. Records were kept of the number of animals
inoculated with the tumor and the number which died throughout the rou-
tine re-transplantation of the original tumor transplant (Experiment E-2).
In addition, those animals which served as controls of the viability and
lethality of the tumor homogenate used in each experiment of this work
also provide further data along these lines. These data have been col-

lected and labeled Experiment E-3.



CHAPTER IIIX

RESULTS OF EXPERIMENTS

The first aim of this present work was to determine the qualities
of -he diffusion chamber which had an influence upon the rate of rejection
of the Murphy-Sturm Lymphosarcoma transplanted from such chambers. This
investigation has clearly shown that (1) an increased rate of rejection
was not associated with all diffusion chambers, and (2) that use of cer-
tain types of heavily acrylated lucite chambers was associated with a
greatly increased rate of rejection. Table 1 shows that glass diffusion
chambers were not able to induce a change in the neoplastic tissue such
that it would be rejected when transplanted, thus signifying that they
were, indeed, inert. This was demonstrated by the occurrence of dnly two
rejections out of 37 transplantations when glass chambers were used as
described in Experiment A-1 and A-2. Also, it can be seen in Table 1 that
there was no difference in the rate of rejection between those giass cham~
bers constructed with the acrylic glue (5.5%) or with the adhesive made by
dissolving lucite in acetone (5.2%). Investigations with lucite chambers,
the results of which are described below, indicated that an increased a-
mount of acrylic glue was required to induce the highest rate of rejection,
therefore, all of the acrylated glass diffusion chambers employed in this
present investigation were comparable to the lucite chambers in that they
had 75% of the interior wall covered with the acrylic glue and were of the
most efficacious range of age (13-18 days) for the induction of rejection.
The low rate of rejection (5.5%) of transplants made from these heavily
acrylated glass chambers indicates further that the acrylic glue, by itself,
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an appreciable rate of rejection of transplanted tumors.

TABLE 1

GLASS DIFFUSION CHAMBERS WITH ACRYLIC
GLUE (EXPERIMENT A-1) OR LUCITE IN
ACETONE GLUE (EXPERIMENT A-2)

Experiment No. Period of Number of Survival Time Tumors rejected/
(Type of Glue) Residence Assay Rats  (range in days) Total injected

A-1 7 hours 10 16-26° 1/10
(Acrylic)

A-1 16 hours 8 20-28 0/8
(Acrylic)

A-2 7 hours 10 18-26 0/10
(Lucite in

Acetone)

A-2 16 hours 9 17-47 1/9
(Lucite in

Acetone)

aMann-Whitney U test compared with survival times of rats from
Experiment C-1, Table 5, Infact Group p=<.025,.

Preliminary work demonstrated that lucite diffusion chambers con-

structed with minimal amounts of acrylic glue elicited a small but increased

rate of tumor rejection as compared with glass diffusion chambers.

Experi-

ments, therefore, were performed to determine the effects of increasing the

exposure of the tumor homogenate to the acrylic glue.

This was done by

coating the interior of the lucite chamber with the acrylic glue during

construction.

Three different experiments were conducted which made use

of lightly acrylated lucite chambers. These, as a whole, elicited a higher
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rate of rejection (14.2%) than the rate of rejection (5.4%) calculated

from the combined values obtained with the glass diffusion chambers

(Table 1). Table 2 shows that coating the interior wall of the lucite

chamber with acrylic glue greatly increased the incidence of tumor re-

jection.

TABLE 2

LUCITE DIFFUSION CHAMBERS CONSTRUCTED WITH ACRYLIC GLUE
WITH INCREASING AMOUNTS OF GLUE ON INTERIOR WALL®?

% of inside wall Type and Number of Tumors rejected/ p value
coated with acrylic Period of Assay rats Total injected
glue Residence
0% in vivo 8 0/8
(minimal acrylic 2 hours
glue used to attach
millipore filter to  inm vivo 24 4124
lucite) 3 hours
in vivo 24 4/24
6 hours
25% in vivo 48 18/48 <.02°
6 hours
50% in vivo 36 16/36 <.01°¢
6 hours
75% in vivo 41 22/41 <.001¢
6 hours
100% in vivo 68 23/68 <.05¢
6 hours

4Experiment A-3.

bgetermined by use of Chi-square test.

Ccomparing data (i.e., Tumor rejected and Total injected) with

combined data of groups with 0% glue.
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The total rate of rejection from three experiments (first three lines
in Table 2) was used to evaluate, statistically, the data from the experi-
ments which made use of chambers which had increased amounts of acrylic
glue used in their construction (Table 2). The rate of rejection produced
when such lucite chambers (with 25% of theit interior wall covered with
the acrylic glue) were used was highly significant (p= <.02), when com-
pared with the combined data of the three 0% groups. It can be seen from
Table 2 that additional increments in the amount of acrylic glue in the
chambers resulted in a greatly increased rate of rejection of neoplastic
tissues transplanted from them. Those chambers which had 50% of the in-
side surface coated with the glue induced a rejection rate of 44% of the
transplants which was highly significant (p=<.0l1). Those which had acry-
lic glue applied to 75% of the surface elicited a rejection rate of 53.6%
which was also highly significant (p=<.001). The results of a Chi-square
test of the data are shown in Table 2. Thus, it is apparent that an in-
crease in the acrylic glue causéd an increase in tumor rejection with the
reservation that fewer rejections were obtained with chambers which had
acrylic glue applied to 100% of the interior surface. Although this latter
comparison is also significant (p= <.05), it is less so than the 25%, 50%,
and 75% groups.

Preliminary expefimgnts indicated that the age of the diffusion
chamber, when used, was an important variable. This factor was investi-
gated in a series of experiments (Experiment A-4), the results of which
are presented in Table 3. These results demonstrated that there was an
optimal age (13~18 days) of the heavily acrylated diffusion chambers (75%

of interior surface covered with acrylic glue), during which the highest
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rate of rejection was elicited. Indeed, preliminary experiments had
shown that acrylated diffusion chambers, from a group which had been
shown to induce an appreciable rate of rejection, lost théir ability in
this regard when aged two to three months. To determine the statistical
significance of the age factor, a Chi-square test was made of the data
from Table 3 with the demonstration that there is a highly significant
(p= <.005) difference between the groups. The data from the 13-18 day
old chambers was compared by use of the Chi-square test with the combined
data of the three experiments which used lightly acrylated chambers (0%
glue) as presented in Table 2. The difference between these two sets of

data was highly significant (p=<.001).
TABLE 3

EFFECT OF AGE OF ACRYLATED LUCITE CHAMBER ON REGRESSION
OF TRANSPLANTED MURPHY-STURM LYMPHOSARCOMA?

Age of Acrylated Number of Tumors rejected/ Rate of Rejection
Chambers (in days) Assay rats Total injectedb %
2 days 8 1/8 12.5
6-8 days 41 17/41 41.4
13-18 days 80 43/80° 53.7
21-31 days 81 22/81 27.1

dExperiment A-4.
bChi-square test of data of table p=<.005.

®Data from 13-18 days old group compared with total data 0% Group
Table 2, p= <.001l;
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A statistical examination was also made of the length of survival of
those animals which ultimately died although they received tumor trans-
plants from the most effective type of acrylated diffusion chamber, i.e.,
those with 75% of the interior lucite wall coated with acrylic glue and
13-18 days of age. The Mann-Whitney U“t¢st was used to compare the sur-
vival times of this group of rats (those controls which died in Experi-
ment C-1, Table 5) with the survival time of the rats from Experiment A-1,
Group 7 hours in vivo. The comparison was highly significant (p= <.025).
This demonstrates that those animals which received tumor transplants from
heavily acrylated lucite chambers had a pronounced increase in their sur-
vival time over those which received transplants of the same neoplasm from
glass chambers.,

In summary, it can be seen that glass diffusion chambers were not only
incapable of eliciting an increased rate of rejection of tumors transplanted
from them but, in addition, the survival time of those rats which died was
much shorter than those which received acrylated tumor tissue. The evidence
also supports the concept that the acrylic glue, when used in conjunction
with a lucite cylinder, provided a diffusion chamber which was able to in~
duce thelrejection of lethal tumor homogenates transplanted from such cham-
bers. Moreover, those animals which ultimately died in experiments in
which similarlyAtreated animals rejected their transplants, had an apprecia-
ble increase in survival time.

The results of previous experiments indicated that the transplants
made from acrylated diffusion chambers which were maintained for brief
periods in a living rat (Table 2) would grow into large tumors which then

regressed. The second question of this present work was whether in vitro
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systems of maintaining the tumor cells while exposing them to acrylated
surfaces would produce similar results. The results of the experiments
exploring this question are shown in Table 4. It is readily apparent

that tumor transplants taken from lightly acrylated lucite chambers (Ex-
periment B-1) which were placed in isotonic saline or Hank's solution for
brief periods (one to six hours), grew and killed the rats. The total
combined rate of rejection (5.8%) of the three groups of Experiment B-1
was thereby demonstrated to be comparable to that of the glass diffusion
chambers. The results from Experiment B-2 in which the tumor homogenate
was placed directly in glass test tubes which had a coating of the acrylic
glue revealed some slight effect of this procedure. Indeed, the group of
rats challenged with the tumor homogenate removed from the 17 day old
group rejected a highly significant (p=<.012) number of the tumors. This
calculation was made by use of the Fisher Exact Probability test in com-
paring the rate of rejection produced by the above group and the group
which received tumor transplants from lightly acrylated (Experiment B-1)
chambers which were maintained in Hank's solution for six hours.

The nature of the primary resistance provoked in the highly suscep-
tible Holtzman rat by transplants of acrylated tumor tissue was the sub-
ject of the investigations collectively titled Experiment C-1, which are
presented in Table 5. Four groups of rats were inoculated with tumor
material removed from heavily acrylated lucite diffusion chambers. One
group was untreated and thereby served as controls of the procedures
carried out on the other three groups. The other groups were: (a) splen-
ectomized and given cortisone 20 mg/Kg/day; (b) given cortisone 20 mg/Kg/day;

and (c) splenectomized one day prior to tumor implantation, respectively.



TABLE 4

EFFECT OF IN VITRO SYSTEMS OF MAINTAINING TUMOR TISSUE IN ACRYLATED CONTAINERS

Experiment No. and Type and Number of Survival Time Survival Time Tumors rejected/
Type of Container Period of Assay Rats (range in days) (average in days) Total injected
Residence
B-1 Isotonic 8 14-23 days 17.3 0/8
lightly acrylated saline
lucite chamber 1 hour
Hank's 30 18-36 days 23.5 4/30
solution
3 hours
Hank's 30 17-54 days 22,1 0/30%
solution
3 hours
B-2
Glass test tubes
with Acrylic glue
25 days old 30 min-3 hrs 15 18-33 days 25.2 2/15
17 days old 30 min-3 hrs 20 19-48 days 26.2 6/20%
10 days old 30 min-3 hrs 15 12-27 days 23.0 4/15
Glass test tubes 30 min-6 hrs 14 10-28 days 21.8 2/14

without Acrylic glue

8Fisher Exact Probability test comparison

p= <.012,

_gg—-
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The results of this investigation, presented in Table 5, clearly demon-
strate that cortisone and/or splenectomy, alone or combined, obtunded the
rejection of the tumors developed from the acrylated tumor cells. The
intact controls rejected an appreciable percentage of the tumor challenges
(46%) and those which died had a statistically significant (p= <.025) in-
crease in their survival time. The results of these experiments strongly
implicate the reticuloendothelial system as being responsible for the re-

jection of tumors developed from acrylated tumor tissue.
TABLE 5

RATE OF REJECTION OF ACRYLATED MURPHY-STURM LYMPHOSARCOMA
BY SPLENECTOMIZED AND CORTISONIZED, SPLENECTOMIZED,
CORTISONIZED, AND INTACT HOLTZMAN RATS?

Type of Number of Survival Time Survival Time Tumors rejected/
Assay Rat Assay Rats (range in days) (average in days) Total injected
Splenectomized 10 9-25 days 18,7 days 0/10

and Cortison-

ized

(20 mg/Kg/day)

Cortisonized 8 21-24 days 22,3 days 0/8

(20 mg/Kg/day)

Splenectomized 10 20-34 days 24 days 2/10
(only) -

Intact 15 15-60 daysP 32.3 days 7/15

aExperiment Cc-1

bMann-Whitney U test compared with survival times of rats, Experiment

A-1, Group 7 hours. p=<.025.
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Experiment D-1 (Table 6) was carried out to determine whether those
animals which had once rejected acrylated tumor tissue were thereafter
resistant to similarly treated neoplastic tissue and to the lethal un-
treated Murphy-Sturm Lymphosarcoma as well. One group of 17 rats which
rejected the initial challenge with acrylated neoplastic tissue was ino-
culated upon two subsequent occasions (resulting in a total of three)
with similar materials. Since these two subsequent transplantatibns failed
to grow, thereby demonstrating a '"'second-set" response, the conclusion was
made that the recipient rats were strongly resistant to the neoplasm. This
was tested by challenging these animals with the untreated lethal homogen-
ate. Table 6 shows that this was rejected also, i.e., it did not grow at
all, The homogenate was proven to be lethal by the injection of a separ-
ate untreated group of five rats which all developed tumors and died.

The above procedure was repeated with another group of 10 rats with
the exception that these animals received two acrylated transplantations
(one initial and one subsequent transplant) before being inoculated with
a lethal tumor homogenate as can be seen in Table 6. This group also re-
jected the untreated tumor. This protocol was followed a third time with
groups of 17 and 5 rats each (a total of 22). In this experiment the
animals were challenged with a lethal untreated homogenate after they re-
jected the initial traﬁsplantation of acrylated tumor tissue. These ani-
mals promptly rejected the lethal tumor brei thereby demonstrating that
rejection of the initial acrylated neoplastic transplant elicited a

strongly resistant state in the normally highly susceptible Holtzman rat.



TABLE 6

REJECTION OF UNTREATED LETHAL HOMOGENATE OF
MURPHY-STURM LYMPHOSARCOMA BY RATS
WHICH REJECTED ACRYLATED TUMOR

Number of Times Challenged Controls of Lethality Number of rats Controls of Lethality
Rats with Acrylated of Tumor Homogenates rejecting Final of tumor homogenate
tumor tissue used to produce Lethal untreated used for final challenge
Acrylated Tumor Tissue  Murphy-Sturm Tumor
(Tumors rejected/ (Tumors rejected/
Total injected) Total injected)
17 3 0/17 17 0/5
10 2 0/11 10 0/12
22 1 0/11 22 0/15

-8€_
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Experiment D-2 (Table 7) was conducted to determine whether the re-
sistant condition could be easily depressed in animals which had rejected
the acrylated MSL. A group of six rats which had rejected tumors devel-
oped from acrylated inoculations comprised the experimental group. Three
>of these animals were splenectomized while the other three were intact.
These animals were then challenged with a lethal, untreated homogenate of
the Murphy-Sturm Lymphosarcoma.

It can be seen in Table 7 that splenectomy does not depress the re-
sistant condition of the rats and thereby attests to the strong resistance
present in an animal which had once rejected this acrylated (treated)
tumor.

In order to be able to make an accurate assessment of the rejection
of acrylated Murphy-Sturm Lymphosarcoma transplants by the Holtzman rat
the innate incompatibility of this tumor-host combination must be known.
The experiments labeled E-1, E-2, and E-3 all provided data for such an
assessment. Two specific experiments were conducted to determine the de-
gree of susceptibility of the Holtzman rat to the untreated Murphy-Sturm
Lymphosarcoma. These were carried out simply by inoculating 50 rats with
an untreated homogenate of the tumor. The results of these experiments
were labeled Experiment E-1 and are presented in Table 8. Those animals
used as carriers of the tumor during the routine re-transplantations were
recorded along with any rejections which resulted from these transplanta-
tions. These data were surmmed, labeled Experiment E-2 and are also pre-
sented in Table 8. Aliquots of each tumor homogenate prepared and utilized
in each experiment of this present work were inoculated into untreated

Holtzman rats. These rats thus served as controls for the viability and



TABLE 7

RECHALLENGE OF SPLENECTOMIZED OR INTACT RATS WHICH HAD REJECTED
ACRYLATED TUMOR TISSUE WITH A LETHAL TUMOR BREI®

Animals Used

Individual Response to Lethal
Murphy-Sturm Lymphosarcoma

Controls of Lethal Tumor Brei
(Tumors rejected/
Total injected)

Three
splenectomized
two days prior
to challenge

Three
intact

D

2)

3)

1)

2)

3)

developed minimal size
with rejection in 16 days

developed minimal size
with rejection in 16 days

did not develop tumor

developed minimal size
with rejection in 16 days

did not develop tumor

did not develop tumor

0/8

0/8

8Experiment D-2.

_0{7_
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lethality of each tumor homogenate. The data from these transplantations
were summed and are labeled Experiment E-3 which is presented in Table 8,
separately, in Table 9. Table 9, therefore, presents the sum total of
the innate ability of the Holtzman rat strain to reject the tumor homo-
genates used in the experiments reported in this work. From Table 9 it
can be seen that the Murphy-Sturm Lymphosarcoma kills such a high wercen-
tage (98.2%) of the Holtzman rat that it closely approaches the isolagous
condition. It can be seen iﬁ Table 8 that the degree of susceptibility
of the tumor carriers agrees closely with that of the lethality controls.
The conclusion can therefore be made that the Murphy-Sturm Lymphosa;coma—

Holtzman rat combination is highly compatible.
TABLE 8

LETHALITY OF UNIREATED MURPHY-STURM
LYMPHOSARCOMA IN HOLTZMAN RAT

Experiment Number of Number of Rate of
Rats Rejections Rejection

E-1

Specific #1 50 2 4.0%

Lethality

Experiments #2 4 8.0%
E-2

Tumor carriers 244 4 1.6%
E-3 166 3 1.8%

Lethality controls
of Tumor homogenates
used in each experi-
ment
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TABLE 9

LETHALITY OF INDIVIDUAL UNTREATED TUMOR HOMOGENATES
USED IN EACH EXPERIMENT OF THIS WORK

Number of Tumor rejected/ Survival Time Survival Time
Rats Total injected (range in days) (average in days)
6 0/6 13-16 --

4 0/4 12-18 --
5 0/5 14-16 15.6
5 0/5 10-18 15.0
5 0/5 14-20 16.2
6 0/6 14-17 16.1
5 0/5 13-20 B 18.6
5 0/5 } 10-19 16.0
5 0/5 16-21 17.8
4 0/4 12-17 12.7
12 0/12 9-18 15.8
7 0/7"° 11-20 17.0
12 1/12 16-26 18.8
5 0/5 14-19 . 16.2
8 0/8 8-16 13.5
10 0/10 16-20 17.8
6 1/6 11-27 16.6
5 0/5 13-19 16.0
12 0/12 9-19 15.1
22 0/22 14-28 16.1
10 1/10 14-17 16.1
7 0/7 13-17 | 15.5
166 Total 3/166 Totals 12,5-19.4 16.08
Average Average
range

Rate of rejection 1.8%




CHAPTER IV
DISCUSSION

It is well established that the somatic cells of animals contain
substances which are recognized as being "foreign" when such cells are
transplanted to an unrelated recipient. Tumor homografts fail to grow,
or grow temporarily and then regress, when transplanted under the above
conditions. On the other hand, members of a highly inbred, i.,e., isolo-
gous, strain of an animal will accept without remonstrance tumors trans-
planted within the strain of origin. These tumors will grow progressively
and kill 99-100% of the hosts (Snell, 1953).

This present work has demonstrated that the untreated Murphy-Sturm
Lymphosarcoma grows in the Holtzman albinco rat and kills such a high per-
centage of these animals (98%) that this combination closely approaches
the isologous condition, i.e., there appears to be a great degree of
homozygosity in the strong histocompatibility loci (Table 9). The para-
mount finding of this study, however, was that transplantations of the
Murphy-Sturm tumor made from heavily acrylated lucite diffusion chambers
will grow, form large tumors and then regress in the untreated Holtzman
rat. It was also shown that those animals which rejected acrylated tumor
transplants were thereafter completely resistant to additional challenges
with tumor homogenates which were lethal in untreated rats. It is possible
that these results could have been produced by many separate influences or
by a combination of them. Therefore, the following discussion will con-
sider the factors which could have played a role in the causation of the
rejection of these tumor transplants and will be discussed in the sequence
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in which they would be operative on the tumor during a typical experiment

(Figure 1).

Possible Influence of Tumor Homogenization

A brei of tumor cells in saline was used in this work because homo-
genization presents the same physiological condition to each cell. Thus,
the supply of oxygen and nutrients to all cells falls in the same range,
in contrast to a relative deprivation of oxygen and nutrients to cells in
the interior of tumor blocks such as are used when transplantation is done
by trocar. This constancy of cellular enviromment should produce a uni-
form growth and the results of this present work clearly show that in all
transplantations, definite palpable tumors developed within one week which
grew to appreciable size within two weeks. This demonstrates that the la-
tent period between inoculation and palpability was little varied between
the several types of tumor transplantations conducted in all experiments.
Another advantage of an homogenate is that, whenever large numbers of
animals or diffusion chambers are used, a suspension of tumor cells can
be given rapidly with a higher degree of uniformity and less contamination.
Early workers found it hard to reproduce their results in studies of tumor
transplantation. This was due, in part, to the genetic disparity of the
animals used as hosts but also to the techniques employed in transplanting
the tumor (Eichwald, 1959). It seems probable that the transplantation by
the use of a cellular suspension in this work accounts for much of the
striking consistency in regard to both the number of tumor ''takes" pro-

duced and their rate of growth.
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Possible Influence of the Diffusion Chamber

The data obtained in this work dlmost demands the hypothesis that
certain specific types of the acrylated lucite diffusion chambers have
the ability, in some manner, to alter the tumor homogenate placed insgde
of them such that the tumor material is antigenic when transplanted to a
susceptible rat (Table 2), It is readily apparent from Table 2 that all
diffusion chambers constructed of a lucite cylinder and the acrylic glue
did not elicit such rejections (Group 0%, Table 2). It is also very clear
that glass diffusion chambers (Table 1), regardless of the type of adhes-
ive used in their construction, are incapable of so altering the tumor
homogenate. On the other hand, the use of lucite diffusion chambers which
had increased amounts of acrylic glue applied to the inside wall was associ-
ated with an increased incidence of tumor rejection (Table 2). Furthermore,
the ability of the heavily acrylated lucite chambers to elicit rejection of
tumors was optimal during a certain age (13-18 days) of the chamber and was
diminished and then lost as the chambers grew older (Table 3).

The majority of the investigations of other workers who utilized
diffusion chambers for experimental use make no mention of the effect of
the chamber upon tissues placed in them. Indeed, specific experiments con-
ducted by Wilson (1965) "gave no evidence' that "commercial plexiglass dif-
fusion chambers have any effect upon neoplastic (lymphoma) cells placed in
them," although he was aware that such chambers may not be 'completely inert
biologically." Such plastics as thesmethacrylates (e.g., plexiglass, lucite)
are known to be toxic to animals (Amos, 1961) and to be carcinogenic (Merwin

t al., 1963). It is

and Algire, 1959; Merwin and Redman, 1963; Shelton

not surprising then, that these plastics might affect neoplastic cells (or
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others) which are placed in containers constructed of them.

Additional suggestive evidence as to the activity or ability of
methacrylate to induce antigenic changes in isologous neoplastic cells is
supplied by the data of several investigators. Essentially, their tech-
nique consisted of pre-treating inbred mice with heavily irradiated tumor
cells native to the particular inbred strain. When groups of these mice
were s;gsequently challenged with increasing doses of living tumor cells,
similar to the irradiated cells, a slight level of resistance to such
viable isologous inoculations was observed. The authors interpreted this
slight resistance as being of 'doubtful significance" and thought that
"it can be most plausibly attributed to a non-specific effect similar to

that found in the previous work on methylcholanthrene-induced sarcomas'

(Klein et al., 1963). The important factor in the present context is

1" 1

that they used an "....irradiation chamber of methacrylate polymer....
(Revesz, 1955) as a container for the tumor cells as they were being ir-
radiated. Exposure to the methacrylate in this manner may have, to a
minimal degree, changed the tumor cells in a manner similar to that pro-
posed in this present work.

The mechanism by which certain of the acrylated chambers used in
this work might have affected the contained neoplastic cells is unknown.
However, two aspects of the phenomenon are clear; (a) a combination of
the lucite chamber with increased amounts of acrylic glue is necessary to
elicit the highest rate of tumor rejection, and (b) the period of time
which the tumor homogenate must be in the chamber is relatively short (2

to 6 hours). Inherent in these two observations is the possibility that

components (e.g., proteins or lipoproteins) of the surface of the neoplastic
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cells, which are not originally antigenic may be quickly changed by contact
with, or exposure to, the acrylated lucite chamber such that they will be-
come antigenic when introduced into a susceptible animal. It may be that
some substance found in the wall of the acrylated lucite chamber has formed
a complex with certain portions of the neoplastic cell.

The possibilities in this regard may have been increased by the use
of a tissue homogenate with the resulting "complex mixture of substances"
(Davies, 1962). Davies (1962) has demonstrated that the antigens which
dictate H-2 specificities can be extracted from such "complex mixtures"
and this gives credence to the speculation, now proposed, that the use of
tumor homogenates in this present work may have brought a component of the
MSL cell into contact with the acrylated chamber wall so that a combination
between the two occurred to give an antigenic complex for transplantation.

There are numerous substances supplied in the neoplastic "complex
mixture" described by Davies which might play the role in forming the anti-
gen. The most prominent possibilities would be; (a) a substance which be-
haves as an H-2 antigen when transplanted to a homologous host, (b) other
antigens which are dictated by weaker autosomal loci, e.g., H-1 or H-3,

(c) some other cellular substance which would not normally be ;ntigenic

and is not governed ByAhistocompatibility loci. 1In this present work, the
tumor rejection response was strong and, especially so since it was induced
in . system that behaved, normally, as if it were isologous. Therefore,

the involvement of an histocompatibility antigen similar to the H-2 in the
mouse must be suspected. A comparison of the length of survival of those
animals which received tumor transplants from heavily acrylated lucite cham-

bers with the length of survival of animals which received tumor transplants
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from glass diffusion chambers revealed a difference between the two groups
which was highly significant (p=<.025). A lengthened survival time of
those rats which received tumor transplants from acrylaﬁed chambers, but
were unable to reject the tumor and died, could be due to a weak (H-1 or
H-3) antigenic response of the host to the tumor. The third possibility
listed above would be the formation of a complex between particles sup-
plied by the chamber and substances of the tumor cell which would not
naturally be antigenic when transplanted to a homologous host and are not
controlled by histocompatibility genetic loci. A mechanism such as this
would be analogous to the antigenicity of skin homografts. Those grafts
which differ from the host at the H-2 locus are strongly antigenic and
are sloughed rapidly while those which differ only at the 'weak' H-1 or
H-3 loci are weakly antigenic and are sloughed only after a prolonged
period of time.

It has been shown that the surface of neoplastic cells is very dif-
ferent from that of normal cells (Lowick et al., 1961) and that the ad-
hesiveness of neoplastic cells is much less than normal cells (Abercrombie
and Ambrose, 1958, 1962). It has also been shown that surface phagocyto-
sis plays a major role in defense mechanisms of the body which are directed
against '"foreign' antigens (Smith and Wood, 1958), 1Indeed, it has been
said that '"Phagocytosis undoubtedly contributes to the rejection of homo-
grafts of tumor cells ...." (Bennett et al., 1964). Therefore, another
speculative possibility is that some component (e.g., a polymer) of the
acrylated chamber attached itself to an intact tumor cell resulting in an
increase in the immune attractiveness of the cell; i,e., the nature of the

surface of the neoplastic cell may have been changed such that phagocytes
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could adhere to the cell and phagocytize it. Evidence from several sources
supports such a speculation, I;.ﬂas been shown that methyl cellulose (a
polymer), when pre-injected in large amounts (900 mg) into Sprague-Dawley
albino rats, will increase the rate of rejection of the Murphy-Sturm
Lymphosarcoma from the innate level of 23% to a level of 95%. These
workers (Lazar and Lazar, 1962) attributed this increase to a non-specific
stimulation of the reticuloendothelial system (RES) which they believed
came about by the uptake of the methyl cellulose by reticuloendothelial
cells., These authors did not consiaér two pertinent points. It would
have been necessary for the tumor cell, or some portion of it, to also
have been taken up by the RES for the stimulation of those mechanisms
which are responsible for developing a resistance to "foreign'" antigens.
Furthermore, they did not consider the possibility that the methyl cellu-
lose polymer may have combined with the Murphy-Sturm tumor cell in vivo
and, by doing so, favored its phagocytosis. Indeed, it has been shown
that such polymer formation can occur in vivo (Haddow, 1959) and many re-
ports demonstrate that intracellular polymer formation can occur (Hendry
et al., 1951). This hypothesis is further supported by the demonstration

that haptens, such as picryl chloride, which have highly reactive chemical

groups, can combine in vivo with the body proteins producing complexes

which can then act as antigens (Chase, 1955).

It has been shown that antibody formation can take place as long as
the antigen persists in those cells which are able to produce antibody
(Haurowitz, 1965) but cannot continue in the absence of antigen. Such
persistence of "foreign'" antigens in immunologically competent cells is

supposedly due to the lack, by those cells, of enzymes which can degrade
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the antigenic complex (Campbell, 1957; Crampton et al,, 1963). 1In this'
regard it would appear highly likely that any complex formed between an
exogenous, plastic polymer such as used in this work and. constituents of
a tumor cell, if engulfed by an immunologically competent cell, would re-
sist degradation and act as an antigenic complex. Indeed, it has been
shown that there are many synthetic materials which, although never en-
countered in nature, are able to elicit production of specific antibodies
when combined with naturally occurring non-antigenic substances.

One other possibility must be considered. All components of cells
which could serve as antigens are ultimately determined by the deoxyribo-
nucleic acids (DNA) of that cell. Thus the change which occurred in the
tumor cells, rendering them antigenic to the untreated rat might have been
some change in the DNA. However, none of the results of the present work
offers any direct information on this speculation.

Possible Influence of the In Vivo and In Vitro Method
of Maintaining the Neoplastic Tissue

Results from the experiments in which the tumor-filled chambers were
placed in an in vitro tissue culture system (Table 4) indicate that (a) the
tumor cells can be maintained in such a system, and (b) minimal rejection
of these tumors occurred when they were implanted into a rat.

These results could be construed to mean that the living albino rat
is necessary as the host of the diffusion chamber in order to obtain an
appreciable rate of tumor rejection. However, the possibility of using
an in vitro system to maintain the neoplastic cells viable (while exposing
them to an acrylated lucite chamber) has not been explored to a sufficient

degree especially since the in vitro systems used in this present work
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were not fortified with serum, plasma, or amino acids. An exogenous
source of protein, or other material which is supplied by an in vivo
system, may be necessary to the cells to enable them to be recognized as
"foreign" when the cells are transplanted to an isologous host.

Since the animals used as an in vivo host for the tumor-filled cham-
bers are virtually incapable of responding to untreated tumor during rou-
tine transplantation of the tumor, it would appear that they would not
possess any specific immune mechanisms capable of affecting the tumor cells
in a diffusion chamber in the time available. It is also evident that the
rat hosts do not affect, in a non-specific manner, such implantations.

This was demonstrated by the transplantation of tumor cells from glass
diffusion chambers or from certain types of lightly acrylated lucite cham-
bers (Table 2). Such transplants developed into tumors at the same rate

as those taken from heavily acrylated chambers. Transplants from both
types of acrylated chambers developed into palpable tumors within a similar
range of time, i.e., the latent periods were the same. The tumors from
both types of chamber continued to develop at the same rate and a disparity
in the tumors only became evident when én appreciable percentage of those
from heavily acrylated chambers decreased their growth rate and began to
regress.

The experiments in which an acrylated glass test tube was used as
the container of the tumor homogenate while exposing it to an acrylated
surfacg are difficult to interpret due to the small sample size. However,
certain types of acrylated test tube (17 days old group) gave an increased
incidence of tumor rejection and a lengthened survival time of those ani-

mals which died (Table 4). When the rate of rejection associated with the
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17 day old acrylated test tube group is compared with that from the
lightly acrylated diffusion chambers which were maintained in Hank's so-
lution for six hours, the difference between the two was highly signifi-
cant (p= .012). This indicates that it should be possible to maintain
tumor tissues in an in vitro system and still be able to elicit the growth
and rejection of transplants from acrylated containers. A further indi-
cation along this line is that the age of the acrylated test tubes which
gave the highest incidence of tumor rejection was 17 days which was near
the age of the group of acrylated diffusion chambers (13-18 days) associ-

ated with the highest rates of tumor rejection.

Possible Influence of the Assay Rat

The Holtzman albino rat which was used as a biological assay of the
viability and lethality of all transplantations of neoplastic tissue made
in this present work has bé;h shown to be highly susceptible to the un-
treated Murphy-Sturm tumor (Table 8) or to MSL taken from lightly acry-
lated diffusion chambers (Table 2) or glass diffusion chambers (Table 1).
The experimentally induced variations from the normal pattern of tumor
growth or lethality must, perforce, reflect a significant change in the
tumor since the rat has been demonstrated to be isologous and was not pre-
treated. An additional finding enlarges this conclusion., The number of
tumor cells inoculated into each rat in the experiments reported here was
high (approximately 4 to 6 million). Large numbers of neoplastic cells
have been shown to overcome any minor antigenic differences elicited or
innate in neoplastic tissues (Stoerk et al.,, 1953; Snell, 1959; Klein
t al., 1963). Experiments conducted by Stoerk (Stoerk et al., 1953)

are germane to this point. These workers were able to obtund the incidence
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of "takes'" of challenging doses of 250,000 cells of the Murphy-Sturm
Lymphosarcoma by prior injections of homologous lymphoid tissue (e.g.,
spleen, thymus). This decrease in the number of '"takes'" was eliminated
by large numbers of tumor cells or by injecting the tumor cells simul-
taneously with the homologous tissues. Therefore, any rejection of fully
developed tumors which resulted from inoculations of large numbers of tu-
mor cells by untreated rats in this present work indicates that a major
antigenic difference was present.

Work from several additional sources lends credence to the demon-
stration in this present work that the Holtzman rat (an animal which can-
not normally remonstrate against the MSL) was stimulated antigenically by
inoculation with neoplastic tissue from heavily acrylated chambers. It
has been shown that the pre-injection of lyophilized tumor material into
an animal will immunize against subsequent challenges with the lethal homo-
graft (Kaliss, 1952). Dabne& (1960) has conducted experiments similar to
Kaliss' which are particularly germar. fo this present work due to the
strain of rat (Holtzman) and the tumor (Murphy-Sturm Lymphosarcoma) em-
ployed. He pre-injected Holtzman rats with lyophilized Murphy-Sturm
Lymphosarcoma which developed into tumors in a small number of animals
which subsequently regressed. These animals were then injected with a
lethal homogenate of the Murphy-Sturm tumor which grew and killed all of
the rats so treated, thus demonstrating that the Holtzman rat could not
be immunized by this procedure against subsequent challenges with the un-
treated MSL. Therefore, the demonstration in this present work that an
inoculation of MSL cells from heavily acrylated chambers developed into

large tumors, which then regressed, strongly indicates that such an
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inoculation was highly antigenic.

Ihe nature of the primary resistance developed in the albino rat to
tumor transplants from acrylated lucite chambers was explored in a series
of experiments (Table 5). The demonstration that splenectomy and corti-
sone administration, when combined in experimental rats, obtunded the re-
jection of acrylated-tumor transplants strongly implicates the reticulo-
endothelial system as being responsible for the rejection by intact rats
of similarly acrylated (control) transplantations. Cortisone administra-
tion alone was almost as effective in obviating this rejection response
as was splenectomy and cortisone combined. Splenectomy alone was the
least effective method of depressing the rejection of acrylated tumor
tissue. These results are interpreted to mean that the spleen, which is
believed to be primarily involved with the production of soluble humoral
antibodies (Silverstein, 1964), was not involved to a high degree in the
rejection of tumors developed from '"treated" tumor cells. |

This present investigation has shown that the Holtzman rat which
has been induced to reject an initial challenge of the "treated" Murphy-
Sturm tumor was resistant to any additional challenges with a lethal homo-
genate of this tumor (Table 6). Moreover, it was found that several sen-
sitizing inoculations of the "treated" tumor cells were not necessary for
the production of this immune condition but that those animals which re-
ject the initial acrylated transplant are thereafter resistant to the un-
treated lethal homogenate. In addition, it was shown that ablation of the
spleen of an animal which had rejected an initial transplantation of the
MSL prior to challenge with a lethal tumor brei did not obtund the animal's

ability to reject the tumor. A certain few animals permitted this lethal
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tumor brei to grow for a short while but then quickly rejected it. This
can be compared with the demonstration that splenectomy alone could ob-
tund the rejection of a significant percentage of the initial inoculations
of acrylated tumor tissue (Table 5).

Such findings as the above lead directly to the conclusion that the
lethal MSL tumor has been attenuated such that it acted as a "foreign"
antigen when transplanted to a highly susceptible Holtzman rat. Many
attempts have been made to attenuate tumor tissue, e.g., by the use of
Freund's adjuvant (Hartveit, 1962a, 1962b) such that it would be antigenic
and thereby stimulate the host to reject in situ autologous neoplastic
tissues. A search of the literature reveals that such attempts have been
singularly unsuccessful. It would appear that the present experiments are
highly unique in that not only was the tumor attenuated such that it was
rejected, but also that it provoked the susceptible host to develop such
a strongly resistant state that untreated, proven lethal, Murphy-Sturm
tumor was prohibited from growing -- thereby attesting to the highly immune

condition of this once susceptible rat.



CHAPTER V

SUMMARY AND CONCLUSIONS

Experiments which were conducted in this work have produced the
following féﬁﬂings and conclusions.
(1) This investigation clearly showed the Murphy=-Sturm tumor
to be lethal in such a high percentage of the Holtzman rat re-
cipients that it approaches the isologous level of compatibility.
It is therefore concluded that the Holtzman rat-Murphy-Sturm
Lymphosarcoma combinatidﬁ is such a highly compatible system
that the rat has little, if any, innate ability to resist this
tumoxr .
(2) Preliminary work had suggested that this tumor could often
be made antigenic by ;esidence in diffusion chambers constructed
with lucite and an acrylic glue. Therefore, a series of experi-
ments were carried out which used lightly acrylated lucite cham-
bers as containers for the tumor homogenate. The use of such
chambers produced a slight but definite increase in the rate of
rejection when transplants were made from them. These results
implicated the combinati§n of acrylic glue with lucite in the
increased rate of rejection of transplants.
(3) To explore the possible relationship between the amount of
acrylic glue in a lucite chamber and incidence of rejection of
tumors transplanted from such chambers, a series of experiments
was done in which lucite chambers were used which had increased
amounts of the acrylic glue on their interior wall (25%, 50%,
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75%, and 100% of surface covered). The results of these ex-
periments were highly significant (p= <.05 to <C.001) and
clearly indicated that the use of the heavily acrylated lucite
diffusion chamber was associated with a dramatically increased
rate of rejection. The conclusion, therefore, ié made that the
heavily acrylated lucite chambers altered the neoplastic homo-
genate placed in them such that it would be recognized as being
"foreign'" when transplanted into the normally susceptible rat.
This recognition allowed the development of resistance against
the tumor such that the tumor was attacked and rejected.

(4) Experiments were performed to deﬁermine the influence of
glass diffusion chambers, if any, upon the incidence vi rejec-
tion of transplants of the Murphy-Sturm L&mphosarcoma (MSL) made
from such chambers to Holtzman rats. Transplantations of the
MSL made in this manner grew into tumors which killed 95% of the
Holtzman rats. Therefore, the coﬁclusion was made that the glass
diffusion chambers were inert and had little ability to affect
neoplastic tissues placed in them.

(5) Other glass diffusion chambers were used which had 75% of
their inside surface coated with the acrylic glue. It was pos-
tulated that the behavior of transplantations made from a dif-
fusion chamber such as this would reflect the influence of the
acrylic glue. Transplants made from these chambers also grew
and killed a high per cent of the Holtzman rat. These results
allow the conclusion that the acrylic glue as used in a glass

diffusion chamber did not encourage an increase in the rate of
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rejection of MSL transplants.

(6) Preliminary experiments suggested that the age of the dif-
fusion chamber was a critical variable in the elicitation of a
high rate of rejection of tissues exposed to the chambers. This
factor was investigated with the finding that a certain optimal
time (13-18 days) after chamber construction was the most effi-
cacious in eliciting rejection while chambers of 21-31 days of
age had begun to lose their capacity to elicit rejection and
chamgers of great age (two to three months) failed to elicit
rejection of transplants made from them. The conclusion is

drawn that the ability of the acrylated chamber to provoke re-
jections of transplanted tumor cells is labile, appearing rather
quickly and diminishing-with time.,

(7) The nature of the primary resistance toward the acrylated
tumor tissue evoked in the Holtzman rat was investigated by
splenectomy, cortisone administration, and by a combination of
these procedures. The results of these experiments showed that
combining splenectomy with cortisone administration abolished

the development of resistance to tumor from acrylated chambers.
Large doses of cortisone were also highly effective while splen-
ectomy alcne was least effective in diminishing the development
of resistance to the tumor. These results support the conclusion
that the reticulcendothelial system of the rat is responsible for
the development of resistance to acrylated tumor tissue.

(8) An attempt was made to determine whether rats which once re-

jected the acrylated tumor tissue were resistant to subsequent
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challenges with similarly treated tumor and to untreated homo-
genates which were proven to be lethal hy transplanting aliquots
to untreated Holtzman rats. It was discovered that rats which
rejected acrylated tumor tissue were thercafter resistant to all
subsequent challenges of the treated or the untreated Murphy-
Sturm lymphosarcoma. It is therefore concluded that inoculations
of the acrylated tumor with subsequent rejection of the tumor
developed from such transplants evokes a strongly resistant or
immune condition in once susceptible Holtzman rats.
(9) In several experiments in which plain and acrylated glass
test tubes were used instead of diffusion chambers, the results
were inconclusive. A minimal rate of tumor rejection suggests
that this procedure should be tested further.
(10) It was found that the survival time of rats, which received
tumor transplants from heavily acrylated chambers, was much in-
creased even though the animal eventually died due to the tumor.
The survival time of these animals was compared with the survival
time of those rats which died when injected with a tumor trans-
plant from glass diffusion chambers. A highly significant dif-
ference was found between the two groups in that those which had
received the acrylated material lived for longer periods of time.
This result was obtained even though the latent period between
tumor inoculation and palpable tumor growth was not prolonged in
this group over other groups. The conclusion is made that those
animals which received the acrylated tumor, and which ultimately

died, exerted a minimal resistance to the tumor, It is possible
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that this resistance may be a response of the host to antigens,
analogous to the H-1 or H-3 antigens of the mouse, which were
experimentally altered so that they are antigenic.

The results from this present work support the hypothesis that the
acrylated diffusion chambers attenuated the Murphy-Sturm Lymphosarcoma
placed in them such that the tumor was antigenic when transplanted to a
host rat which normally does not react against the untreated tumor. The
suggestion is made that this technique migﬁt have general application to
many neoplastic tissues and might also be applicable to autochthonous

tumors.



BIBLIOGRAPHY

Abercrombie, M., and Ambrose, E.J., Interference Microscope Studies of

Cell Contacts in Tissue Culture. Experimental Cell Research,
15:332-345, 1958,

Abercrombie, M., and Ambrose, E.J., The Surface Properties of Cancer
Cells: A Review. Cancer Research, 22:525-548, 1962.

Algire, G.H., Weaver, J.M., and Prehn, R.T., Growth of Cells In Vivo in
Diffusion Chambers: I. Survival of Homografts in Immunized Mice.
Journal of the National Cancer Institute, 15:493-501, 1954.

Algire, G.H., and Moore, R.O., Passage of Mouse Leukemia Cells Through
Pores of Various Sizes in Diffusion Chambers. Transplantation
Bulletin, 6:425-427, 1959.

Amos, D.B., Possible Relationships Between the Cytotoxic Effects of
Isoantibody and Host Cell Function. Annals of the New York
Academy of Sciences, 87:273, 1960.

Amos, D.B., Transplantation of Cells and Tissues in Diffusion Chambers,
Transplantation of Tissues and Cells, pp. 69-80, Wistar Institute
Press, Philadelphia, 1961,

Amos, D.B., and Wakefield, J.D., Growth of Mouse Ascites Tumor Cells in
Diffusion Chambers: I. Studies of Growth Rate of Cells and of
the Entry of Antibody. Journal of the National Cancer Institute,
21:657-670, 1958.

Amos, D.B., and Wakefield, J.D., Growth of Mouse Ascites Tumor Cells in
Diffusion Chambers: II. Lysis and Growth Inhibition by Diffusing
Antibody. Journal of the National Cancer Institute, 22:1077, 1959.

Amos, D.B., Zumpft, M., and Armstrong, P., H-5.A and H-6.A: Two Mouse
Isoantigens on Red Cells and Tissues Detected Serologically.
Transplantation, 1:270, 1963.

Andreini, P., Drasher, M.L., and Mitchison, N.A., Studies on the Immuno-
logical Response to Foreign Tumor Transplants in the Mouse: III.
Changes in the Weight and Content of Nucleic Acids and Protein of
Host Lymphoid Tissues. Journal of Experimental Medicine, 102:199-
204, 1955.

Apolant, H., Uber die Immunitat bei Doppelimpfungen von Tumoren. Zeit-
schrift fur Immunitats Forschung und Experimental Therapie, 10:103,
1911.

Baker, P,, Weiser, R.S., Jutila, J;, Evans, C.A., and Blandau, R.J., Mech-
anisms of Tumor Homograft Rejection: The Behavior of Sarcoma

I. Ascites Tumor in the A/JAX and the C57BL/6K Mouse. Annals of

- 61 -



- 62 -
the New York Academy of Sciences, 101:46-62, 1962.

Bashford, E.F., Murray, J.A., The Transmissibility of Malignant New
Growths from One Animal to Another. Scientific Report, Imperial
Cancer Research Fund, 1:13, 1904,

Bauer, J.A., Jr., Genetics of Skin Transplantation and an Estimate of
the Number of Histocompatibility Genes in Inbred Guinea Pigs.
Annals of the New York Academy of Sciences, 87:78-92, 1960.

Bennett, B., 0ld, L.J., and Boyse, E.A., The Phagocytosis of Tumor Cells
In Vitro. Transplantation, 2:183-201, 1964.

Berglund, K., and Fagraeus, A., A Biological Factor Inhibiting the Effect
of Cortisone on Antibody Formation. Nature, 177:233, 1956,

Billingham, R.E., Free Skin Grafting in Mammals. Transplantation of
Tissues and Cells, pp. 1-26, Wistar Institute Press, Philadelphia,
1961.

Billingham, R.E., and Medawar, P.B., The Technique of Free Skin Grafting
in Mammals. Journal of Experimental Biology, 28:385, 1951.

Billingham, R.E., Brent, L., Medawar, P.B., and Sparrow, E.M., Quantita-
tive Studies on Tissue Transplantation Immunity: I. The Survival
Times of Skin Homografts Exchanged Between Members of Different
Inbred Strains of Mice. Proceedings of the Royal Society of London,
Series B, 143:43-58, 1954.

Billingham, R.E., Brent, L., and Medawar, P.B., The Antigenic Stimulus in
Transplantation Immunity. Nature, 178:514-519, 1956,

Billingham, R.E., and Silvers, W.K., Inbred Animals and Tissue Transplan-
tation Immunity. Transplantation Bulletin, 6:399-406, 1959.

Billingham, R.E., and Silvers, W.K., Studies on Tolerance of the 4 Chromo-
some Antigen in Mice. Journal of Immunology, 85:14, 1960,

Billingham, R.E., Hodge, B.A., and Silvers, W.K., An Estimate of the Number
of Histocompatibility Loci in the Rat. Proceedings of the National
Academy of Sciences, 48:138-147, 1962, ‘

Bittner, J.J., A Genetic Study of the Transplantation of Tumors Arising in
Hybrid Mice. American Journal of Cancer, 15:2202, 1931.

Bjorneboe, M., Fischel, E.E., and Stoerk, H.C., The Effect of Cortisone
and Adrenocorticotrophic Hormone on the Concentration of Circulating
Antibody. Journal of Experimental Medicine, 93:37, 1951.

Bogden, A.E., and Aptekman, P.M., The R-1 Factor: A Histocompatibility
Antigen in the Rat., Cancer Research, 20:1372-1382, 1960.



- 63 -

Bogden, A.E., and Aptekman, P.M., Immunogenetics Studies of a Histocom-
patibility-Hemagglutinogen (R-1) in the Rat. Journal of the
National Cancer Institute, 26:641-649, 1961,

Bogden, A.E., and Aptekman, P.M., Histocompatibility Antigens and Hemag-
glutinogens in the Rat. Annals of the New York Academy of Sciences,
97:43-56, 1962,

Brent, L., Tissue Transplantation Immunity. Progress in Allergy, 5:271,
1958.

Brooks, J.R., Sturgis, S.H., and Hill, G.J., An Evaluation of Endocrine
Tissue Homotransplantation in the Millipore Chamber: With a Note
on Tissue Adaptation to the Host. Annals of the New York Academy
of Sciences, 87:482-495, 1960.

Calne, R.Y., Renal Transplantation. Arnold, London, 1963.

Calne, R.Y., Renal Transplantation in Man: A Review. British Journal of
Surgery, 51:282, 1964,

Campbell, D.H., Some Speculations on the Significance of Formation and
Persistence of Antigen Fragments in Tissues of Immunized Animals.
Blood, 12:589-592, 1957.

Capalbo, E.E., Albright, J.E., and Bennett, W.E., Evaluation of the Dif-
fusion Chamber Culture Technique for Study of the Morphological and
Functional Characteristics of Lymphoid Cells During Antibody Pro-
duction. Journal of Immunology, 92:243-251, 1964,

Chase, M.W., Differentiation Between Roles of White Cells in Transfer of
Contact Dermatitis and in Development of Antibody. Federation
Proceedings, 14:458, 1955.

Counce, S., Smith, P., Barth, R., and Snell, G.D., Strong and Weak Histo-
compatibility Gene Differences in Mice and Their Role in the Re-
jection of Homografts of Tumor and Skin. Annals of Surgery, 144:198-
204, 1956,

Crampton, C.F., Reller, H.H., and Haurowitz, F., Deposition of Beef Serum
Gamma-Globulin in Rabbit Organs and Subcellular Fractions. Journal
of Immunology, 71:319, 1963.

Dabney, J.M., Personal Communication, 1960,

Darcy, D.A., A Study of the Plasma Cell and Lymphocyte Reaction in Rabbit
Tissue Homografts. Philosophical Transactions of the Royal Society
of London, Series B, 236:463-503, 1952. -

Davies, D.A.L., H-2 Histocompatibility Antigens of the Mouse. Ciba Foun-
dation Symposium on Transplantation. Little, Brown and Company,
Boston, 1962.




- 64 -

Dougherty, T.F., and White, A., Functional Alterations in Lymphoid Tissue

Induced by Adrenal Cortical Secretion. American Journal of Anatomy,
77:81, 1945,

Doutrelepont, J., Versuche Uber die Uebertragung der Carcinoma von Thier
auf Thier. Archiv fur Pathologische Anatomie und Physiologie,
45:507, 1869.

Dvorak, H.F., and Waksman, B.H., Primary Immunization of Lymph Node Cells
in Millipore Chambers by Exposure to Homograft Antigen. Journal of
Experimental Medicine, 116:1-15, 1962,

Ehrlich, P., Experimentelle Karzinomstudien an Mausen. Arbeiten aus dem
Institut fur Experimentelle Therapie zu Frankfort, 1:75, 1906.

Eichwald, E.J., Transplantation of Tumors, Transplantation of Tissues,
I1:577-590, Williams and Wilkins Co., Baltimore, 1959.

Eichwald, E.J., Silmser, C.R., and Weissman, I., Sex-Linked Rejection of
Normal and Neoplastic Tissue: I. Distribution and Specificity.
Journal of the National Cancer Institute, 20:563, 1958.

Fagraeus, A., and Berglund, K., Inhibition of the Effect of Cortisone
on Antibody Formation by Heterologous Spleen Cells. Journal of
Immunology, 87:49-55, 1961.

Fischel, E.E., Stoerk, H.C., and Bjorneboe, M., Failure of Cortisone to
Affect Rate of Disappearance of Antibody Protein. Proceedings of
the Society of Experimental Biology and Medicine, 77:111, 1951.

Gorer, P.A., The Genetic and Antigenic Basis of Tumour Transplantation.
Journal of Pathology and Bacteriology, 44:691-697, 1937.

- Gorer, P.A,, The Antigenic Basis of Tumour Transplantation. Journal of
Pathology and Bacteriology, 47:231-252, 1938.

Gorer, P.A., The Significance of Studies With Transplanted Tumors. British
Journal of Cancer, 2:103-107, 1948.

Gorer, P.A., Some Recent Work on Tumor Immunity. Advances in Cancer Re-
search, 4:149-186, 1956.

Gorer, P.,A., Some Reactions of H-2 Antibodies In Vitro and In Vivo.
Annals of the New York Academy of Sciences, 73:707, 1958.

Gorer, P.A., Lyman, S., and Snell, G.D., Studies of the Genetic and Anti-
genic Basis of Tumor Transplantation: Linkage Between a Histocom-
patibility Gene and "Fused" in Mice. Proceedings of the Royal
Society of London, Series B, 135:499-505, 1948.

Gorin, G., and Fuchs, E., Diffusion of Proteins Through Millipore Membranes.
Biochemical and Biophysical Research Communications, 5:196-202, 1961.



- 65 -

Haldane, J.B.S., The Amount of Heterozygosis to be Expected in an Approxi-
mately Pure Line. Journal of Genetics, 32:375-391, 1936.

Haddow, A., The Chemical and Genetic Mechanisms of Carcinogenesis: 1I.
Nature and Mode of Action. The Physiopathology of Cancer, p. 582,
Hoeber-Harper, New York, 1959,

Hartveit, F., Evidence of Induced Immunity to Ehrlich's Ascites Carcinoma
Brought About Through the Combination of Freund's Adjuvant With
Living Tumour. British Journal of Cancer, 16:323-330, 1962.

Hartveit, F., Further Observations on the Results of Combining Freund's
Adjuvant With Living Ehrlich Ascites Carcinoma. British Journal of
Cancer, 16:331-339, 1962.

Haurowitz, F., Antibody Formation. Physiological Reviews, 45:1-47, 1965.

Hendry, J.A., Homer, R.F., Rose, F.L., and Walpole, A.L., Cytotoxic Agents:
IITI. Derivatives of Ethyleneimine. British Journal of Pharmacology,
6:357-410, 1951.

Hildemann, W.H., Specific Modifications of the Immune Response. Trans-
plantation Bulletin, 5:97-101, 1958.

Hildemann, W.H., The Second-Set Reaction. Transplantation Bulletin, 6:129-
131, 1959.

Holtzman, Y., Personal Communication, 1965.

Holub, M., and Riha, I., Morphological Changes in Lymphocytes Cultivated
in Diffusion Chambers During the Primary Response to a Protein
Antigen. Mechanisms of Antibody Formation, pp. 30-33, Academic
Press, New York, 1960.

Jensen, C.0., Experimentelle Untersuchungen Uber Krebs bei Mausen. Zentral-
blatt fur Bakteriologie, Parasitenkunde und Infektionskrankheiten,
34:122-143, 1903.

Journey, L.J., and Amos, D.B., An Electron Microscope Study of Histiocyte
Response to Ascites Tumor Homografts. Cancer Research, 22:998-1001,
1962.

Kaliss, N., Regression or Survival of Tumor Homoiografts in Mice Pretreated
With Injections of Lyophilized Tissues, Cancer Research, 12:379-382,
1952,

Kallman, K.D., and Gordon, M., Genetics of Fin Transplantation in Xipho-
phorin Fishes, Annals of the New York Academy of Sciences, 73:599-
610, 1958.



- 66 -

Kass, E.H., and Finland, M., Adrenocortical Hormones in Infection and
Immunity. Annual Review of Microbiology, 7:361-388, 1953,

Kidd, J.G., Experimental Necrobiosis - A Venture in Cytopathology.
Proceedings of the Institute of Medicine, Chicago, 18:50-60, 1950.

Klein, G., Sjogren, H.0., Klein, E., and Hellstrom, K.E., Demonstration
of Resistance Against Methylcholanthrene-Induced Sarcomas in the
Primary Autochthonous Host. Cancer Research, 20:1561, 1960.

Klein, G., Sjogren, H.0., and Klein, E., Demonstration of Host Resistance
Against Sarcomas Induced by Implantation of Cellophane Films in
Isologous (Syngeneic) Recipients. Cancer Research, 23:84-92, 1963,

Lazar, A., and Lazar, D., Effect of Methylcellulose on the Murphy-Sturm
Lymphosarcoma in Rats. Journal of the National Cancer Institute,
28:1255-1263, 1962.

Levey, R.H., Trainin, N., and Law, L.W., Evidence for Function of Thymic
Tissue in Diffusion Chambers Implanted in Neonatally Thymectomized
Mice: Preliminary Report. Journal of the National Cancer Insti-
tute, 31:199-206, 1963,

Levin, I., Cell Proliferation Under Pathological Conditions With Special
Reference to the Etiology of Tumors. Journal of Medical Research,
6:145-155, 1901,

Little, C.C., A Possible Mendelian Explanation for a Type of Inheritance
Apparently Non-Mendelian in Nature. Science, 40:904-906, 1914.

Little, C.C., Factors Influencing the Growth of a Transplantable Tumor
in Mice. Journal of Experimental Zoology, 31:307-326, 1920a.

Little, C.C., The Heredity of Susceptibility to a Transplantable Sarcoma
(J.W.B.) of the Japanese Waltzing Mouse. Science, 51:467, 1920b.

Little, C.C., The Genetics of Tumor Transplantation. Biology of the
Laboratory Mouse, pp. 279-309, The Blakiston Co., Philadelphia, 1941.

Little, C.C., and Johnson, B.W., The Inheritance of Susceptibility to
Implants of Splenic Tissue in Mice: 1. Japanese Waltzing Mice,
Albinos, and Their Fl Generation Hybrids. Proceedings of the Society
of Experimental Biology and Medicine, 19:163-167, 1922,

Little, C.C., and Strong, L.C., Genetic Studies on the Transplantation of
the Adenocarcinomata. Journal of Experimental Zoology, 41:93-114,
1925,

Loeb, L., On Transplantation of Tumors. Journal of Medical Research,
6:28-38, 1901,



- 67 -

Loeb, L., Further Investigations in Transplantation of Tumors. Journal
of Medical Research, 8:44-73, 1902.

Loeb, L., Ueber Transplantaticnen cines Sarcoms der Thyroceidea bei Einer
Weissen Ratte. Archiv fur Pathologische Anatomie und Physiologie,
167:188, 1902.

Loeb, L., Transplantation and Individuality. Physiological Reviews,
© 10:547, 1930.

Loeb, L., and Wright, S., Transplantation and Individuality Differentials
in Inbred Families of Guinea Pigs. American Journal of Pathology,
3:251, 1927,

Lowick, J.H.B., Purdom, A.M.J., and Ambrose, E.J., Some Microelectro~
phoretic Studies of Normal and Tumour Cells. Journal of the Royal
Microscopical Society, 80:45-57, 1961,

Matter, P., Chambler, K., Lewis, S.R., and Blocker, T.G., Jr., Relation-
' ship Between Survival Time and Size of Homografts in Rats. Trans-
plantation, 1:157-164, 1963,

Maurer, P.H., Immunologic Studies With Ethylene Oxide-Treated Human Serum.
Journal of Experimental Medicine, 113:1029-1039, 1961.

McMaster, P.D., and Edwards, J.L., The Behavior of Two Foreign Protein
Antigens in Mice During Inhibition of Antibody Formation by Corti-
sone. Proceedings of the National Academy of Sciences, 43:380, 1957.

McMaster, P.D,, and Franzl, R.E., The Effects of Adrenocortical Steroids
Upon Antibody Formation. Metabolism, 10:990-1005, 1961.

McQuarrie, D.G., Kim, J.H., and Varco, R.L., Long-Term Survival of Intra-
Strain Homografts in Commercially Bred Rats. Transplantation
Bulletin, 6:97-100, 1959.

Medawar, P.B., The Behavior and Fate of Skin Autografts and Skin Homografts
in Rabbits. Journal of Anatomy, 78:176, 1944.

Medawar, P.B., Immunity to Homologous Grafted Skin: I. The Suppression of
Cell Division in Skin Grafts Transplanted to Immunized Animals.
British Journal of Experimental Pathology, 27:9-14, 1946,

Medawar, P.B., Immunity to Homologous Grafted Skin: II. The Relationship
Between the Antigens of Blood and Skin. British Journal of Experi-
mental Pathology, 27:15-24, 1946.

Medawar, P.B., Immunity to Homologous Grafted Skin: III. The Fate of
Skin Grafts Transplanted to the Brain to Subcutaneous Tissue, and
to the Anterior Chamber of the Eye. British Journal of Experimental
Pathology, 29:58-69, 1948.



- 68 -

Medawar, P.B., The Croonian Lecture: The Homograft Reaction. Proceed-
ings of the Royal Society of London, Series B, 149:145-166, 1958,

Medawar, P.B., Zoologic Laws of Transplantation. Transplantation of
Tissues, Vol. 1II, Williams and Wilkins Co., Baltimore, 1959.

Merwin, R.M., and Algire, G.H., Induction of Plasma-Cell Neoplasms and
Fibrosarcomas in BALB/c Mice Carrying Diffusion Chambers. Pro-

ceedings of the Society of Experimental Biology and Medicine,
101:437-439, 1959.

Merwin, R.M., and Redman, L.W., Induction of Plasma Cell Tumors and Sar-
comas in Mice by Diffusion Chambers Placed in the Peritoneal Cavity.
Journal of the National Cancer Institute, 31:997-1017, 1963.

Mitchison, N.A., Studies of the Immunological Response to Foreign Tumor
Transplants in the Mouse: 1I. The Role of Lymph Node Cells in
Conferring Immunity by Adoptive Transfer. Journal of Experimental
Medicine, 102:157-177, 1955,

Mitchison, N.A., and Dube, O.L., Studies-on the Immunological Response to
Foreign Tumor Transplants in the Mouse: 1II1. The Relation Between

- Hemagglutinating Antibody and Graft Resistance in the Normal Mouse
and Mice Pretreated With Tissue Preparations. Journal of Experi-
mental Medicine, 102:179-197, 1955.

Morau, H., Inoculation en serie d'une tumeur epitheliale de la Souris
blanche. Comptes Rendus des Seances de la Societe de Biologie et
de Ses Filiales, 43:289-290, 1891.

Morau, H., Recherches Experimentales sur la Transmissibilite de Certains
Neoplasmes (Epitheliomas Cylindriques). Archives de Medecine
Experimentale et d'Anatomie, 6:677-705, 1894.

Murphy, J.B., The Lymphocyte in Resistance to Tissue Grafting, Malignant
Disease, and Tuberculous Infection. Monographs of the Rockefeller
Institute for Medical Research, No. 21, 1926.

Murphy, J.B., and Sturm, E., The Transmission of an Induced Lymphatic
Leukemia and Lymphosarcoma in the Rat, Cancer Research, 1:379-383,
1941,

Najarian, J.S., and Feldman, J.D., Passive Transfer of Transplantation
Immunity: II. Lymphoid €ells in Millipore Chambers. Journal of
Experimental Medicine, 115:1083-1093, 1962.

Najarian, J.S., and Feldman, J.D., Passive Transfer of Transplantation
Immunity: III. Inbred Guinea Pigs. Journal of Experimental
Medicine, 117:449-456, 1963,

0ld, L.J., Boyse, E.A., Bennett, B., and Lilly, F., Peritoneal Cells as
: an Immune Population in Transplantation Studies. Cell-Bound



- 69 -
Antibodies, Wistar Institute Press, Philadelphia, 1963.

Osoba, D., and Miller, J.F.A.P., The Lymphoid Tissues and Immune Responses
of Neonatally Thymectomized Mice Bearing Thymus Tissue in Millipore
Diffusion Chambers. Journal of Experimental Medicine, 119:177-194,
1964,

O'Steen, K., Human Skeletal Muscle Cultured in Diffusion Chambers in
Mice. Experimental Cell Research, 25:184, 1961,

O0'Steen, W.K., Growth Activity of Normal and Dystrophic Muscle Implants
in Normal and Dystrophic Hosts. Laboratory Investigation, 11:412-
419, 1962.

O0'Steen, W.K., The Growth of Human Dystrophic Skeletal Muscle in Diffusion
Chambers. Texas Reports on Biology and Medicine, 21:369-379, 1963.

Palm, J., Current Status of Blood Groups in Rats. Annals of the New York
Academy of Sciences, 97:57-68, 1962,

Palmer, W.N., The Virulence of Tumor Tissue After Intraperitoneal Residence
in Diffusion Chambers. Unpublished Master's Thesis, Department of
Physiology, University of Oklahoma Medical Center, 1962,

Palmer, W.N., Keyl, M.J., and Dabney, J.M., Regression of Tumors by Sus-
ceptible Albino Rats. Federation Proceedings, 24:495, 1965.

Parrish, W., and Kleinfeld, R.G., Maturation of Transplantable Leukemic

Cells Cultivated In Vivo in Diffusion Chambers. Cancer Research,
23:1164-1168, 1963.

Prehn, R.T., Specific Isoantigenicities Among Chemically Induced Tumors.
Annals of the New York Academy of Sciences, 101:107-113, 1962.

Prehn, R.T., and Main, J.M., Mobile Resistance Factor in Acquired Immunity
to Homologous Tissue Transplantation. Journal of the National Cancer
Institute, 14:537-546, 1953,

Prehn, R.T., and Main, J.M., Mobility and Site of Production of Homograft
Resistance Factor. Journal of the National Cancer Institute,
14:1277-1280, 1954.

Revesz, L., Effect of X Irradiation on the Growth of the Ehrlich Ascites
Tumor. Journal of the National Cancer Institute, 15:1691-1701, 1955,

Russell, P.S., and Monaco, A.P., The Biology of Tissue Transplantation.
Little, Brown and Co., Boston, 1965,

Schrek, R., A Method for Counting the Viable Cells in Normal and in Malig-
nant Cell Suspensions. American Journal of Cancer, 28:389-392, 1936.



- 70 -

Shelton, E., Evans, V.,J., and Parker, G.A., Malignant Transformation of
Mouse Connective Tissue Grown in Diffusion Chambers. Journal of
the National Cancer Institute, 30:377-392, 1963.

Shimkin, M.B., M.A. Novinsky: A Note on the History of Transplantation
of Tumors. Cancer, 8:653-655, 1955.

Shimkin, M.B., Arthur Nathan Hanau: A Further Note on the History of
Transplantation of Tumors. Cancer, 13:221, 1960.

Silverstein, A.M., Ontogeny of the Immune Response. Science, 144:1423-
1428, 1964,

Smith, M.R., and Wood, W.B., Jr., Surface Phagocytosis: Further Evidence
of Its Destructive Action Upon Fully Encapsulated Pneumococci in
the Absence of Type-Specific Antibody. Journal of Experimental
Medicine, 107:1-11, 1958.

Snell, G,D., Methods for the Study of Histocompatibility Genes. Journal
of Genetics, 49:87, 1948.

Snell, G.D., The Genetics of Transplantation. Journal of the National
Cancer Institute, 14:691-700, 1953.

Snell, G.D., Isogenic Resistant (IR) Lines of Mice, Transblantation
Bulletin, 2:6-8, 1955,

Snell, G.D., The Homograft Reaction. Annual Review of Microbiology,
11:439-458, 1957.

Snell, G.D., Histocompatibility Genes of the Mouse: I. Demonstration
of Weak Histocompatibility Differences by Immunization and Con-
trolled Tumor Dosage. Journal of the National Cancer Institute,
20:787-824, 1958a.

Snell, G,D., Histocompatibility Genes of the Mouse: 1II, Production and
Analysis of Isogenic Resistant Lines. Journal of the National
Cancer Institute, 21:843, 1958b.

Snell, G.D., Transplantable Tumors. The Physiopathology of Cancer, 2nd
Edition, Hoeber-Harper, New York, 1959,

Snell, G.D., The Immunology of Tissue Transplantation. Conceptual Advances

in Immunology and Oncology, Harper and Row, New York, 1963.

Snell, G.D., Smith, P., and Gabrielson, F., Analysis of the Histocompati-
bility-2 Locus in the Mouse. Journal of the National Cancer Insti-
tute, 14:457, 1953.

Snell, G3D., Counce, S., Smith, P., Dube, L., and Kelton, D., H-3, A 5th
Chromosome Histocompatibility Locus Identified in the Mouse by
Tumor Transplantation. Proceedings of the American Association for



- 71 -
Cancer Research, 2:46, 1955,

Snell, G.D., Wheeler, N., and Aaron, M., A New Mcthod of Typing Inbred
Strains of Mice for Histocompatibility Antigens. Transplantation
Bulletin, 4:18-21, 1957,

Snell, G.N., and Stevens, L.C., Histocompatibility Genes of Mice: III.
H-1 and H-4, Two Histocompatibility Loci in the First Linkage Group.
Immunology, 4:366-379, 1961.

Snell, G.D., Hoecker, G., Amos, D.B., and Stimpfling, J.H., A Revised
Nomenclature for the Histocompatibility-2 Locus of the Mouse.
Transplantation, 2:777-784, 1964,

Snell, G.D., and Bunker, H.P., Histocompatibility Genes of Mice: V. Five
New Histocompatibility Loci Identified by Congenic Resistant Lines
on a C57BL/10 Background. Transplantation, 3:235-252, 1965,

Spencer, R.R., Tumor Immunity. Journal of the National Cancer Ihstitute,
2:317-332, 1942,

Stoerk, H.C., A iabile, Humoral, Immune Principle, Cytotoxic to Homologous
Neoplastic Cells: 1Its Depression in Rats Injected With Cortisone.
American Journal of Pathology, 27:720, 1951.

Stoerk, H.C., Budzilovich, T., and Bielinski, T.C., Resistance to Grafting
With Lymphosarcoma Cells in Rats Injected With Homologous Lymphoid
Cells. Journal of Mt, Sinail Hospital, 19:169-174, 1952-1953,

Stone, H.B,, Eyring, J.F., and Kennedy, W.J., Survival of Heterologous
Mammalian Implants. Annals of Surgery, 151:626, 1960,

Stone, H.B., and Kennedy, W.J., Survival of Heterologous Mammalian Trans-
plants: A Further Report. Annals of Surgery, 155:623, 1962,

Stone, H.B., and Kennedy, W.J., Survival of Heterologous Mammalian Trans-
plants: A Third Report. Annals of Surgery, 159:645, 1964,

Strong, L.C., Transplantation Studies on Tumors Arising Spontaneously in
Heterozygous Individuals. . Journal of Cancer Research, 13:103-115,
1929.

Sturgis, S.H., and Castellanos, H., Functional Survival of Ovarian Homo-
grafts Within Millipore Filter Chambers in the Castrate Rat.
Proceedings of the Society of Experimental Biology and Medicine,
94:569, 1957.

Tennant, J.R., Evaluation of the Trypan Blue Technique for Determination
of Cell Viability. Transplantation, 2:685-694, 1964.

Titus, J.L., and Shorter, R.G., Cellular Aspects of Homograft Rejection.
Proceedings of the Mayo Clinic, 37:492-505, 1962.



- 72 -

Toolan, H.W., Successful Subcutaneous Growth and Transplantation of Human
Tumors in X-Irradiated Laboratory Animals. Proceedings of the
Society of Experimental Biology and Medicine, 77:572-578, 1951.

Toolan, H.W., Growth of Human Tumors in Cortisone-Treated Laboratory
Animals: The Possibility of Obtaining Permanently Transplantable
Human Tumors. Cancer Research, 13:389-394, 1953.

Toolan, H.W,, Transplantable Human Neoplasms Maintained in Cortisone-
Treated Laboratory Animals: H.S. #1; H. Ep. #1; H. Ep. #2:+— H. Ep.
#3; and H, Emb. Rh #l. Cancer Research, 14:660, 1954,

Toolan, H.W., The Possible Role of Cortisone in Overcoming Resistance to
the Growth of Human Tissues in Heterologous Hosts. Annals of the
New York Academy of Sciences, 59:394-399, 1955,

Tyzzer, E.E., The Inoculable Tumors of Mice. Journal of Medical Research,
17:137-154, 1907-8a.

Tyzzer, E.E., A Study of Heredity in Relation to the Development of Tumors
in Mice, Journal of Medical Research, 17:199-211, 1907-8b.

Weaver, J.M.,, Algire, G.H., and Prehn, R.T., The Growth of Cells In Vivo
in Diffusion Chambers: 1II. The Role of Cells in the Destruction
of Homografts in Mice. Journal of the National Cancer Institute,
15:1737-1758, 1955, -

Wilson, D.B., Personal Communication, 1965.

Winn, H.J., Immune Mechanisms in Homotransplantation: I. The Role of
Serum Antibody and Complement in the Neutralization of Lymphoma
Cells. Journal of Immunology, 84:530, 1960.

Woodruff, M.F.A., and Symes, M.O., Evidence of Loss of Tumor-Specific
Antigen on Repeatedly Transplanting a Tumor in the Strain of Origin.
British Journal of Cancer, 16:484-488, 1962.

Wright, S., Inbreeding and Homozygosis. Proceedings of the National
Academy of Sciences, 19:411-420, 1933.









