


THESIS

JUTTRTATIg

This is to certify that the

thesis entitled

has been accepted towards fultillment

of the requirements for

c-*  degree in__—=

iy

c TN e e 17 /

Major professor (

\\3\3 S\S\s\,, A "\\—\/J.;L )&/
Date Xl‘f\ﬁ.«»x'\ b //(6 (

0-169




OVERDUE FINES ARE 25¢ PER DAY
PER ITEM

Return to book drop to remove
this checkout from your record.




INTRAOCULAR HETEROLOGOUS TRAUWSPLANTATION
OF AN AVIAN LYMPHOID TUNOR

By
Jack Ellsworth Gray

A THEESIS
Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science
in partial fulfillment of the requirements
for the degree of ,
MASTER OF SCIENCE
Department of Animal Pathology

1951



THESIS



ACKNOWLEDGMENT

This investigation was made possible by a grant from
the National Institute of Health in cooperation with the
Fegional Poultry Research Laboratory, in charge of Nr.

Berley Winton, of the Bureau of Animal Industry.

During the course of thls study the author has been
greatly assisted by many friends. The untiring spirit and
inspirational advice of Dr. rrank Thorp, Jr., of the grad-
vate councill of l‘ichigan State College, proved most stim-
ulating upon every occasion. The association this past year
with Dr. R. A. Runnells, Hesad of the Department of Animal
Pathology, has been invaluable. Acknowledgment of indebt-
edness 1s due Dr. W. N. liack, Department of Bacteriology and
Public Health and director of the grant, for the original
incentive of this investigation and unceasing cooperat ion
during its projection.

Sincere appreciation is extended to my colleagues at
the Reglonal Poultry Resesrch Laboratory who have rendered
assistance most unselfishly. The writer is grateful to Dr.
B; R. Burmester for making available the excellent facillities
of his laboratory and lending keen understanding to this
problem. Ilearty thanks are likewise given to Dr. A. M. Lucas,
Dr. George Cottral and Dr. R. F. Gentry for helpful suggest-

ions and technical assistance.

<0597



Much credit 1s due to lMrs. Dudley ¥artin for aid in
processing the materlal used during the course of this

study.



TABLE OF CONTENTS

INTRODUCTION ceeeasoeccccoosoossoossoosssosssosssossccsoscssscsl
REVIEW OF LITSRATUREecceccsccccccecscsccccscscosssscscssssced
MATZRIALS AND NETHODS eeecsoesccssosscssccscssscscsseeend
A. Avian Lymphoid Tumor (01lson TUmMOT)ecsessceesssdd
B. Propagative MethodSsecsececescescocscoscsscnsosssseesd?
1. Procedures used for propagative passages
In chickenSesesecescccscscsccccccssncosneed?
2. Procedures used for propagative passages
on chicken embryo chorioallantoilc
MENMDIaN6Secscsscsossssccscscsscsscsccscsscsscssedd
C. Heterologous TransplantatioNeecssecceccscccecseedl
l. Technique for anterior chamber
1noculatlioneescscsccsssccccscsssscnsncssedl
2. lMethod of transferring anterior chamber
contents reciprocally to chlickensS.cessesedd
D. Histological MethOdSesscecoscccescoscossescscncdd
l. Perfusion technique of fixatioNeeeecosecsesedd
2. Embedding, sectioning and stainingeseeeec4d6
EXPERIMENTAL RESULTSceeeceocccscscscscsssscccscsscssossesdl
A. Propazation of the Avian Lymphold TumoOresesee+43
1. In the pectoral muscle of chickensSseesess43
2., On chicken embryo chorioallantoic

membranes................................49



T S —— — — —————— — — —— — — — — — ——————  — — — o— —_—— . — -



TABLE OF CONTENTS conte.

B. Results of Heterotransplantationeesecececececeeseesedl
C. Data Concerning the Survival Time of the
Neoplastic Cells in the Anterior Chamber of
the Guinea Pl1Z EJGescecscccossscscsscsscoossseceedd
DISCUSSIONesesecsscoscossosscscscsosscsscocscsascscccssosscssaebdO
SUMMARY ¢eeecscscocscocsscsscoscsocscscsscscsecssccsccsscssccssasebdd

BIBLIOGRAPIJ&’Y‘........'........'..O.l.........l.........vo






INTRODUCTION

Since the advent of the present century considerabls
research has been directed toward finding sultable media
for growing cells and tissues in a controlled manner.

Great strides have been made by the use of chicken embryo
inoculation; likewise many contributions gained from tissue
culture techniques. During the past dozen years, although
it 1s by no means a new method, the transplantation of
tissue into the anterior chamber of the eye has been ex-
ploited as such a blological tool.

The import of transplantation of tissues to the ant-
erior chamber of the eye was recognized by Loeb1 (1945) in
substantiation of his "individuality differential®™. This
is defined as the particular characteristic common to all
the various tissues and organs of an individual which dis-
tinguishes one individual from another. According to this
investigator, there 1s inherent in every higher individual
organism something which differentiates 1t from every other
organisme. This can be discovered by observing the reactions

of certain cells and tissues belonging to one individual

~Leo Loeb, late Professor of Pathology, Washington
Unlversity and author of The Biological Basis of Individ-
uality from which much of the significant baslis for this
thesIs was derived.




towards the cells and tissues of another individual of the
same specles.

In the same manner, there are characteristics common
to all members of a species, genus, order and class, which
may be called species=-genus-order-class differential. Sig-
nificance should be attached to the class differential with
which we are concerned in the present experimental work.
Superimposed upon this fact is the tissue differential of
the lymphoid tumor which differentiates it from any other
tissue of the avian donor.

The anterior chamber possesses, apparently, the unique
distinctlion of being that part of an individual in which
the least irmune response is evidenced. Generally, trans-
planted tissues, though varying in ability to survive, can
grow to a greater extent in the anterior chamber of the seye
than at any other site. ILess highly differentiated tissues
respond more readily to transplantation than their more high-
ly specialized counterparts. Much use of these facts has
been made 1n transplanting tlissues, both normal and neo-
plastic, into the eye of a host animal from another part
of the same individual, or from another member of the same
species or related species, or even from those not distant-
ly related. Varying degrees of relatlonships, to some ex-
tent, can be determined by observing the reaction provoked
in the anterior chamber of the eye of a host by the tissue

of another individual.






Transplantations are categorized in accordance with
the relationship of the host to the donor of the tilssue
transplanted. If tissue 1s relocated from one part of the
body to another of the same individual the process is known
as autotransplantation.l Depending upon the phylogenetic
relationship of individuals transplantations have been
further classifled by Loeb as syngenesio-, homo-, or hetero-
transplantations. The first refers to transfer of tissues
between siblings. Homotransplantation 1s a more general
term inferring the transfer of tissues from one member to
another of the same specles. From the genetic standpoint,
it can be seen that varying degrees of relationship could
be established in a single specliles. Interspecific trans-
fers are designated as heterotransplants.

The relationship between a plece of living tissue and
the recipient may be such that sites other than the anterior
chamber of the eye may be employed for transplantation.

Such a relationship has facilitated bone grafting, corneal

transplantation and certain cosmetic surgery techniques. .

+Present day 1lnvestigators are not in agreement concern-
ing the nomenclature of transplantation. The majority add
the suffix "-ologous™ to the word stem denoting the relation-
ship of the host to the transplant, as for example& homol-
ogous. Loeb has appropriated the ending "-ogenous", as
shown by heterogenous. Also used interchangeably with the
above designations is the addition, as used in the text of
this paper, of the word stem as a prefix to transplantation
as autotransplantation. It is thils investigator's opinion
that any appropriate terminology may be employed correctlye.
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The views concerning growth of malignant tumors in
heterologous species are not wholly confluent. Recently
the hypothesis has been advanced that malignancy 1s char-
acterlized by autonomy. According to Greenel, (2) normal
adult tissue, (b) inflammatory lesions, and (c) benign
tumors fail to survive while (d) embryonic tissues and (e)
malignant neoplasms grow after intraocular transplantation
in heterologous species. The growth of a tumor in the ant-
erior chamber of the eye of a heterologous species would
confirm the dlagnosis of malignancy. Thus malignancy,
according to this investigator, approaches the threshold
of immortality. This belief has not found immediate accept-
ance among investigators. The disagreement lies not with
the growth of a particular neoplasm intraocularly in an
alien speciles, but rather whether or not this growth con-
fers a designation of malignancy upon the original tumor.
Likewise, does a growth that fails to be transplanted het-
erologously signify benignancy?

Although the inciting cell-free agent of this tumor
was apparently present at all times, this study was con-

cerned only with the neoplastic cells. Several interrelat-

ed questions were posed as the initial studiles ﬁere made .

B3 PP P Greene, the leading investigator of the pot-
entlalities of the anterior chamber of the eye as a research
diagnostic tool. Department of Pathology, Yale University
School of Medicine
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Foremost of these concerned whether or not a successful
heterologous transplantation could be made between such
widely biologically separate species as the chicken and

the guinea pig with a lymphold tumor. Significance was
also placed upon the degree of reaction provoked in the host
by the transplanted tumor. The possibility of reestablish-
ing the tumor in its original host to study any altered
pathology was also considered. Specificities as the rate
of growth, maximum size, optimum growth period for harvest
and serial passage were included as essential data to be
gathered from this study. In an endeavor to gain a great-
er understanding of the properties of an avian lymphoid
tumor maintained at the Regional Poultry Research Lab-

oratory thils problem was undertaken.



REVIEY OF LITERATURE

The suitability of the anterior ocular chamber for the
transplantation of tissue was first demonstrated by Van
Dooremaal (1873). Since that time excellent reviews of
literature on this subject have been published by Lucke
and Schlumberger in 1939 and liorris et al in 1950. Both
reviews recognized that the history of utilization of intra-
ocular transplantation by various investigators falls nat-
urally into three periods.

The first intraocular heterologous transplantation
attempts of a tumor by Zahn (1884) initiated an era that
extended to 1912. A human hyaline chondroma failed to sur-
vive in the anterior chamber of the eye of the rabbit. At
elghty days, when the animals were sacrificed, nearly com-
plete resorption of the tumor had occurred. This work was
further substantiated by Herzog (1902) who reported that
he had tried for years, without success, to accomplish
heterologous intraocular transplantation of carcinomas and
sarcomas of hunan beings.

Later, Ruben (1912) was successful in making a homol-
ogous transplantation of Jensen's rat sarcoma, but hetero-
transplants into rabbits failed. These reports exemplify
the apparent agreement among investigators of this period
concerning the nontransplantibility of tumors from one

species to another.



Reports of successful heterologous transplantations
into the anterior chamber were made by Hegner (1¢13) and
his associate Keysser (1¢1l3). In several cases they ob-
talned growth of a human sarcoma transplant in rats demon-
strating that the eye was a sultable habitat for heterol-
oéous tumors. Carcinomatous trensplants falled to take
and retrogressed.

Woglom (1915) was unable to substantiate the claims
of Hegner and Keysser. Although a suspension of the Crocker
mouse sarcoma 180 produced 45 takes among 54 control mice,
it failed to grow intraocularly in rats. This second era
was marked by disagreement among investigators concerning
the validity of heterologous intraocvlar transplants.

The third period was ushered in by a report of Smirnova
(1637) describing successful implantation into the anterior
chamber of heterologous species transplants of a human mam-
mary carcinoma and Ehrlich's mouse carcinoma.

By far the most intensive study involving heterologous
intraocular transplantation to date has been made by Greene.
Homologous transfers of an uterine adenocarcinoma of rabbilts
prompted preliminary investigations with Saxton (1938) in
transplanting this tumor into gulnea pig eyes. Progress-
ive growth of the transplant was obtained using tumor mat-

- erial derived from the sixth serial eye transfer 1in the

rabbit.



Lucke and Schlumberger (1939) initiated transplantat-
lon experiments by utilizing a naturally occurring renal

carcinoma of the leopard frog (Rana pipiens). The tumor

was Introduced intraocularly into other members of the

same specles. Opserations and photograpny of the trans-
planted tumors were performed under vaporized ether anesth-
esia. Over 50% of the transplants from ten of the tumors
grew readily. They could not explain why transplants from
three other timors made little progress and were soon ab-
sorboed or become fibrosed.

An excellent description of the manner of growth as
observed by slit-lamp microscopy was given by them. UNo
other method affords such continuous observations of a
living tumor in the anterior chamber. The pale color of
the transplant contrasted sharply against the dark back-
ground of the iris. Within two to three days the ragged
tags of tissue on the 1-2 mm. diameter plece of tumor were
absorbed and the surface became entirely regular in outline.
This condltion persisted for several days, depending upon
the temperature of the environmment and the growth energy
of the particular strain of tumor. During this period of
lag no noticeable exudative reaction to the transplant
occurred if infection was avoided.

Furthermore the manner of growth as dependent upon the
contiguous structures of the anterior chamber was also in-

cluded. The transplant generally became lodzed upon the



iris, 1lens or less freguently the cornea. Although the
attachment was limlited at first, displacement cidn't seem
to hinder further development. The transplants which be-
came fixed to tne pupillary marzin of the 1rls generally
showed mu:ch better growth than those wiich lodged near thse
periphery. The reason given for this was the greater depth
of the anterior chamber in the pupillary region affording
increased gaseous and nutrient exchange between tumor and
surrounding aqueous humor.

Observations led to the conclusion that the form which
the growing tuvmor assumed depended on 1ts 1mmedlate physical
environment. Where the tumor grew out in the midst of the
aqueous humor, unimpeded by solid tissue, 1ts habit of growth
was tubular or papillary. If, however, the tumor grew in
contact with a firm even surface such as a lens or cornsa,
then the form of growth was entirely different; broad mem-
branes were formed which extended and covered the surface.
A third form of growth was recognized when tumors came in
contact with loose discernible tissue, such as the iris.
The tumor extended downward forming invasive tubules and
alveoll within the prexisting stroma of the invaded tissue.
The first two forms could be followed by slit-lamp mic-
roscopy whereas for the third type histological ssctions
were requlred.

The interior of the original zraft usually became more

or less fibrous, while the cells at the periphery proliferated.
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Occasionally backward extension into the posterior chamber,
lens and vitreous took place; no extraocular extension was
oboserved. Once the size of tne tumor exceeded 1lts require-
ment, gradual decline in size, recression, and increasing
fibrosis appeared to be the general rule. The relatively
small and confined space in the anterior chamber and the
progressive increase in intraocular pressure with result-
ing circulatory disturbances seemed to be the important
limiting factorse.

After preliminary heterotransplantation of the rabbit
adenocarcinoma, H-31, Greene (194la, 1941b) expanded his
study to include other rabbit and human neoplasms. Exper-
imental transplants were continued ih the guinea plg; other
hosts were also employed. Transfers of H-31 were discont-
inued after the fifth sarial passage in the guinea pigs as
there was no cause to belleve that the tumors could not have
been perpetuated indefinitely in this manner.

Control inoculations of whole tumor fragments or of cell-
uvlar emulsions into the testicles, muscles, and subcutaneous
tissues of guinea pigs were performed tnroughout the series
of experiments. Tumor tissue derived from guinea pig gen-
erations as well as from rabbit hosts was used, but no takes
occurred.

Generally, the presence or absence of takes in the guinea
plg's eye could be detected during the second week after trans-
fer, and at this period a slight increase in size and a pink-

1sh coloration distinguished growlng fragments. Occassionally,
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the transplants remained unchanged in appearance for as long
as 160 days, but eventually grew to fill the chamber., Vas-

cularization was usually apparent by the third week, but in

instances such as the above, the fragments received no vis-

ible blood supply durlng the latent period.

Growth proceeded at a slower rate than in the rabbit
and 40 to 50 days were generally required before such a sizse
was attalned. Thereafter areas of degeneration appeared and
the tumors regressed. On the contrary, small nodules of
healthy tissue presisted and by continued growth azain fill-
ed the chamber.

At necropsy the tumors appeared as semi-translucent,
pinkish masses. The greater part of the iris was often re-
placed by the tumor tlssue of older transplants, but the
cornea was never lnvaded and the growth never extended into
the posterior chamber.

Microscopically, the tiumors resembled those resulting
from homologous transfers. The epithelial elements were
identical in appearance and manifested the same tendency to
grow in suall acinar bundles or in large, solid, cellular
masses. The stroma was abundant, well vascularized, and
healthy in appearance. Nowhere were there lymphocytic in-
filtrations or evidence of a foreign body reaction. Serial
sections were obtained from many organs, but in no instance
was a lesion found which could be unequivocally identified

as a metastasis,
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This tuwnor was successfrlly transferred to the eyes of
swine and goats. Intratesticular inoculation of a cellular
emulsion failed to result in takes in swins.

Successful heterologous transplantation of the tumor
T-36, was effected in guinea pigs, swine and shesp. The
orizinal tumor tissue was obtained from a splenic metastasis
of an acinar type breast carcinoma which had been carried
by serial anterior chamber transfer through more than 50
generations of rabbilts.

Both young and old guinea pigs were used in the serilal
transplantation experiments. The percentages of takes and
course of the tumors were similar in both cases, but the
growth rate was slowsr in the older animals and takes could
rarely be recognized before the tenth day. On the other hand,
growth was almost invariably evident by the fifth day in
young guinea pigs, and subsequent progress was rapid. Occ-
asionally, growth ceased and regression occurred before the
chamber filled, and the animals of this type were found to
be refractory to reinoculation. In the majority of casses,
however, growth continued until the chamber was filled.

This usually occurred by the tenth day in young animals,
while in older guinea pigs two to three weeks were requir-
ed. Further increase in size was attended by bulging of the
cornea and degenerative changes in the tumor, but in general,
the tissue remained viable and could be transplanted for as

long as a week after filling the chamber. Occasionally the
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cornea ruptured in conseguence of the increased pressure
and the tumor protruded externally. Infection and spont-
aneous regression invariably occurred in such cases.

Growth was progressive and continued throught the life
of the guinea pig in 57 of the cases. This was a specilal
feature of the guinea pig and was not observed in the rabbit.
It occurred almost exclusively in guinea pigs inoculated in
February and liarch, and apparently bore no relationship to
the status of the animal or the rate of growth. In such
cases, external extenslon was a gradr-al process and occurr-
ed after a period during which the intraocular growth assumed
te shape of a cone and the area widened to form a carcin-
omatous ulcer. Eventually the corneca was destroyed and the
tumor protruded as a fungating mass. At necropsy the tumors
were found to have extended laterally under the conjunctiva
and aposteriorly into the vitreous humor. The retina and
choroid were often destroyed but the tumor did not invade
the sclera. The regional lymph nodes were enlarged but
metastases were not visible throughout the body.

At intervals throughout the experiments tumor tissues
from guinea plgs was transplanted back into rabbits. Takes
occurred in all instances and the characteristics of the
resulting tumors were in no way different from those ob-
served in serial rabbit transfers.

The papilllary type rabbit breast carcinoma, B-240, was

successfully transplanted to the eyes of gulnea pigs, but
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transfer to other alien specles was not attempted. Six
attempts to transfer the Brown-Pearce rabbit tumsr to
guinea pigs terminated in failure.

Prior to this work, 1t was observed that endometrium
or breast tissue obtained from normal adult rabbits as well
as embryonic parts containing mixed tissues could be grown
indefinitely in the anterior chamber of the eyes of other
rabbits. Adult tissue was found to increase in slze at a
very slow rate, and no attempt was made to carry the tlssuve
for more than a single generztion.,. On the other hand, em-
bryonlc tissue grew rapidly, and in one experiment fragments
derived from ten day old fetuses were carried for six serial
generations.

Fragments of normal adult rabbit endometrium were trans-
planted to eyes of nlne guinea plgs. On the seventh day the
transplants of eight of the animals were plinkish in color
and apparently living, while in one animal these fragments
were opaque and white. The fragments were still living on
the nineteenth day and histolozlcal examination showed the
presence of a vascular supply and the absence of any degen-
erative process or foreign body reaction. However, by the
twonty-fifth day, the pinkish coloration had disappeared
and portions of the transplants were opaque and white. The
animals were killed on the twenty-eighth day, and on micro-
scoplic examination the fragments were found to be in an ad-

vanced stage of degeneration.
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Almost 1ldentical resuvlts occurred with the normal breast
tissue transplants. The embryonlic tissue, on the other hand,
survived and increased in size until the animals were killed
at the end of a month. The rate of growth in gvinea »izs
however, was very much slower than in the rabbit and the
fragments had only doubled in diameter when the experiments
were terminated. Iloreover, histological examlnation showed
that survival and growth were limlited to skin and cartilage
and that all other tissues of the original graft disappeared.

More thorough reviews of the work of Incké and Schlum-
berger and Greense were deemed advisable to present a clearer
understanding of the potentialities of the anterior chamber.
Various stages of interaction between the transplant and the
host were obscrved and initial criteria of successful trans-
plantation were given. luch of the experimental basis for
this thesls was derived from material presented by these
investigators.

The second publication by Greene (1941b) concerned the
transfer of human tumors to allen species, paralleling the
preceeding work with rabbit neoplasms. Additional criteria
were forrmulated to lend understanding to the manner of growth
of intraocular transplants.

In all tumor transfers it was clear that the transplanted
cells lived for a period of time in the manner of tissue cul-

ture; tunor cells subsisted on materials introduced with the
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inoculum, but continued survival was dependent upon the im=-
bibition of nutrients from the surrounding tissue fluids.

Greene related that the 1ris was relatively unrespon-
sive to the presence of foreign bodies and that the inter-
action was delayed for a considerable period of time. Dur-
ing the interim, the transplanted fragment persisted as a
free entity deriving nourishment from the fluid of the cham-
ber and 1ts cells remained entirely independent of the tissue
of the host. Growth pfoceeded during this culture=-like
phase and an increase in size was evident before the occur-
rence of vascularization. An inflammatory reaction did not
occur. On the contrary, the transplant, which at first
survived as a parasitic tissue culture, became supplied
alfter a time with a rich plexus of blooc vessels, was in-
corporated in the body of the host, and entered into in-
timate relationship with the organlism, as 1f transplanted
to an animal of the same specles.

Greene further stated that a foreign body reaction was
not immediate but occurred after a variable interval and in
variable Intensity depending on the donstitution of the trans-
plant and host and on the sensitivity of the region used as
an implantation site. In ordinary homologous transfers, the
foreign body reaction was inconspicuous and consisted largely
of a proliferation of fixed tissue elements which eventually

resulted in vascularization of the fra-ments.
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On the contrary, the transfer of foreign tissue invoked
an intense reaction, acting as an inflammatory stimulus.
Free moblle elements of the blood and lymph migrated to the
tissue resulting in an eventual encapsulation.

If the foreign body reaction was delayed and the trans-
plant lived, 1t was conceivable that its cells were grad-
ually altered by the continued imbibition of host materilals
so that some degree of adaptation resulted and the more
radical constitutional differences between transplant and
host were lost. The eventual foreign body reaction was
less intense and more in the nature of that which followed
homologous transplantation.

Invasion of normal tissues occurred but usually expan-
sive growth proceeded at a greater rate and the increased
pressure incident to the rapid filling of the chamber inter-
fered with the blood supply and regression followed.

Greene found no existing criteria for a comparison of
the behavior of human tumors in the eyes of alien speciles.
However, the long period of quiescence which followed trans-
fer to the new species was suggestive of the interval which
frequently separated surgical growth and local recurrence
in the human host. Evidence of growth was based upon (1)
directly observed growth of transplanted fragments, and
(2) presence of invasion in microscopic sections.

Attempts to transplant the Brown Pearce tumor, a epi-

dermold carcinoma of the scrotal region of the rabbit to
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the guinea pig failed. The conclusion was given that the
growth was not transferable to this species by the methods
employed.

The mouse eye was used by Greene (1945) in order to
lessen the expense of securing and maintaining laboratory
animals.

Data obtalned with thils study showed some Interesting
trends which facilitated the classification of specles with
respect to ease of heterotransplantibility. Transfers from
man to mouse eyes grew better if they were first passed thr-
ough a gulnea pig generation. In contrast, the mouse was
found to be a better host for rabblt tumors than was the
gulnea pig. Consequently, the mouse and the rabblt were
placed in one group, and man and the guinea plg in another
one in accordance with the ease of transfer within the group
and the difficulty between groups. This also represented
a division with reference to the ability to synthesize vit-
amin C. The former group possessed the ability and the
latter group was not able to produce this vitamin in the
Intestinal tract. Greene felt that this was possibly
coincidental but metabolic differences between tumor and
host tlssue presumably occurred and might possibly have
accounted for the observed variations.

Greene and Murphy (1945) obtained nearly 100% takes
by heterolorous transfers of a bronchogenic carcinoma of

mice and rats to the eyes of hens and ducks. Vascularization
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of fragments was apparent after the second week of transfer,
however, subsequent growth was extremely slow.

The property of heterotransplantibility was not shared
by all tumors of these species but appeared to be a cormmon
characteristic of a special group, thus was offered a means
of classification based on biological behavior. This special
group was characterized by distinctive properties with res-
pect to manner and range of growth in the parent species.

In general, they were distinguished by the capacity to in-
vade and metastasize and to grow in unrelated1 animals of

the same specles. This ability characterized the hetero-
transplantable tumors of all the specles studied. The same
ability was apparently an essentlial property of neoplasms
that were capable of survival and growth in unrelated strains
of the parent species.

Greene hypothesized that the basis of classification
of benignanc& and cancer was justified by the distinction
of autonomy of the latter grouping. Concerning the evolut-
ion of malignancy, it was suggested that at the early stages
of oncological development, when only limited transfer was
possible, the tumors were dependent for continued survival

and growth on factors peculiar to the primary host.and closely

*The phrase "unrelated animals of the same species"
should be clarified at this point. For example, Greene found
that all mouse twumors appear to be transplantable in animals
of the strain in which they originate. Thls doesn't con-
stitute homologous transfer, for as a result of long inbreed-
ing the donor and recipient in such an experiment bear a
genetic relationship somewhat comparable to that of the
fore and hind quarters of the same individual.
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related individuals. Thece factors, not being supplied by
unrelated individuals, such animals would not support growth
of tumors on transfer.

At a later stage autonomy was attained; the tumors be-
came independent of factors concerned in this development,
and gained the abllity to survive and grow in their absencs.
The independence thus achieved eliminated genetic and species
barriers and allowed growth in unrelated animals and in alien
species.

Shrigcley, Greene and Duran-Reynals (1945) reported a
variation of the Rous sarcoma virus following growth of the
tumor In the eye of the guinea pig. Criteria for growth
achieved in ten to twelve days was based on (1) abundance
of mitotic figures, (2) actual increase in size of the
transplant, and (3) finally when the anterior chamber was
irrigated with dilute cell suspension growth resulted from
the widely dispersed sarcoma cells. It was interesting to
note this report as the first in which the species of both
the host and donor of the transplant were the same as the
present investigation.

The behavior of morphologically comparable mammalian
cancers in heterologous species differed from that of the
Rous sarcoma in ceveral ways. As a rule, the appearance
of vascularization was delayed for a week or more and no
increase in size was observed for several months. The

tumors would then grow rapidly to fill the chamber. With
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the conditions of this study, vascularization of the trans-
plant occurred very soon sfter transfer, as early as thres
or four days. Growth was very rapid during the first two
weeks, then quieséent and showed no change in size for as
long as six months. Juring this time the tumor appesared
alive, for microscopic examination disclosed no degenerat-
ive changes and occasional mitotic figures were formed.

Another point of dissimilarity was the difficulty with
which the Kous sarcoma was pa~sed serially in the guinea
plz. In the case of mammallan tunors serial transfer was
easlly effected and apparently could have been continued
indefinitely. Shrigley et al (1945) successfully passed
the Rous sarcoma for only two consecutlive transfers in the
guinea pig. On the other hand, after a single passage 1in
the chicken, return to the guinea pig was followed by growth.

Variation of Rous virus which followed growth of the
tumor in the anterior chamber of the guinea pig eye were:
(1) periosteal tumors developed, (2) hemorrhagic disease,
a non-neoplastic manifestation of the free virus, occurred
In tissues not frequently affected by a stock Rous virus,
and (3) there was a suggestion of an alteration of species
affinity for the chicken by one variant Rous strain.

It had been shown previously by Duran-Reynals (1942,
1943) that the Rous sarcoma virus was modified by inoc-
ulation of the tumor into ducks, guinea fowls and turkeys.

The variation of three strains of Rous sarcoma virus after
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passage through the gulnea plg eye was more extreme than
turkey and guinea fowl variants and less extreme than the
duck variante.

The title of Greene's (1946) next paper, "The Nicro-
scope or the Guinea Pig" exemplifised the ever increasing
faith in the anterior chamber of the eye as a blological
tool. The growth of human mallgnancy in the guinea pig
eye was often assoclated with a higher degres of cellular
differentiation and structural organlzation than was pres-
ent iIn the parent tumor. Thus, the value of heterotrans-
plants as an ald to the diagnosis and classification of
human tumors was emphasized. Greene held to the theory
that the mere fact of growth lmmediately identified the tis-
sue in question as cancer. Nevertheless, conclusive demon-
stration was made of the potentialities of dynamic path-
ology as contrasted with the limitations of static morph-
ology.

Dyer and Kelly (1946) in an endeavor to make avail-
able for study a regular supply of fresh tumor material
from a selected cancer of human origin selected the proced-
ures of Greene. Successful vascularization and growth of
transplants were observed in the eyes of 27 of 66 guinea
pigs of 17 different groups. Fallure to obtain growth of
transplants of seven of 14 clinically proved cancers, the

transient character of the transplants that did grow, and
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finally the small amounts of tumor material present at the
time of maximum growth indicated that this method was not
practical for routine growing of human tumor tissue.

The high degree of anaplasia and the early metastatic
dissemination observed in many cancers of childhood were
suggestive of considerable autonomy. Eichwald (1948) re-
ported the results of the heterotransplants of 27 of these
tumors of nine diagnostic types into 158 guinea pigs. Only
one, a congenital fibroscarcoma, was a successful transplant.

Continued heterotransplants, as such, of the Brown
Pegrce tumor into guinea pig eyes failed in all attempts.
Greene (1949), however, reported success with transplants
into mice, rats and hamsters. One important difference in
behavior of this tumor was noted. No preliminary passage
into the eyes of the host was necessary as with other tumors
before subsequent successful transfer could be made to diff-
erent bodily regions of other individuals. Trensplants of
this neoplasm from a rabbit's eye was followed by growth
upon subcutaneous or intratesticular inoculation into the
appropriate hosts.

In view of the successful transplantation of thls tumor
to mouse embryonic tissues, an effort was made to transfer
the tumor to guinea pig eyes 1n association with guinea pig
embryonic organs. The transplanted material filled the ant-
erior chamber in ten to 14 days, however, sectioned tlssues

of representative gulnea plgs killed at this time revealed
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only growing embryonic tissue and were completely devoid

of Brown Pearce tumor. Yet, after a latent period of sev-
eral weeks, growth azain occurred in the rabbit's eye which
histologically proved to be the tumor in question. It would
appear, thsreforé, that isolated viable tumor cells were
pressent in the transplants and were unrecognized. The iso-
lated cells apparently falled to survive over 30 days in

the allien host as subsequent growth in the donor's eye was
not accomplished after that limit.

The point of concern was not the success of heterol-
ogous transplantibility but rather its failure 1n certailn
clrcumstances and the unusual behavior of transplants in
the antsrior chamber of other speciss. The constitutional
differences of various hosts suggested a casual relation-
ship as exemplified by the sharply defined raﬁge of trans-
plantibility with inclusion of the mouse, hamster and rat
and exclusion of the guinea pig. It was agaln reiterated
that this paralleled the vitamin C metabolic patterns in
these species.

Greene's hypothesis has been seriously challenged by
the observations of Lushbaugh and Steiner (1949) related in
a report on intraocular transplantation of malignant lymph-
omas of tne mouse, dog and man in heterologous specles. In
no instance was success attained in transplanting tumors

from these donors to alien species.
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A descriptive pattern of a transplanted tumor contailned
in this report is present herewith. "Typically the appear-
ance of the piece of tissue and of the anterior chamber fol-
lowed a well-defined course. Twenty-four hours after trans-
plantation the aqueous humor was hazy and the color of the
plece of tissue was fading. By three days the conjunctiva
at the limbus was hypersmic and the transplant was dull gray
or yellow. At §even days the piece was about one-half its
original size, occasionally it could be found no longer.

The mild ophthalmitis was usually resolved by this time.
By 14 days the pieces of tissue were about one-third the
original size and ivory or light gray.

The pleces decreased very little in size during the
next five weelks, although an occasional plece dlsappeared
entirely. At the end of this time the tissue was minute and
almost pure white. During the following months no changes
were noted in 1ts appearance. An occasional eye developed
suppurative panophthalmitis. In most cases the transplants
1n the eyes of gulnea pigs were absorbed faster than did
those in the eyes of rabblts. In rabbits, during the first
43 hours, it was not unusual for a definite gray halo to
develop around the trarisplant. Histologic study of such a
halo showed that it was composed of fibrin; most of the lymph-
ocytes and granulooytes had died or disappeared from the

transplant at this time.
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At two days, the pleces were almost completely necrotic;
they were eosinophllic and almost structureless, most of the
cells were dead. Transplants still contalned minute focl
of nuclear debris at four days and contained many prolifer-
ating fibroblasts. Transplants were composed of condensing
collagenous connectlive tissuve. Lymphocytes and plasma cells
were present.”

These observations, having demonstrated that malignant
lymphomas did not grow following transplantations into ocular
anterlior chambers of alien species, summoned a refutal of
Greene's autonomous theory of malignancy. In the first place,
the invaslveness and metastasizing ability of the malignan-
cles were high as evidenced by the short course of ths dis-
eases in the donor and generalized distribution at physical
examination or necropsy. However, the fact that regression
proceeded rapldly unless the tumors were placed in the eyes
of the homologous strains set this group apart from neo-
plastic diseases.

An effort was made to explalin heterotransplant fallures
on other bases than nonmalignancy and/or absence of autonomy.
The deduction was made that either there exlisted non-neoplastic
diseases whose manifestations were indistinguishable from
those of neoplasms or that successful intraocular transplant-
ation in allen species was inadequate as a test for mallg-
nancy. The host could have died from the effects of a vig-

orously growinz mass of typlcal cells from which there had
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been dissemination and formation of secondary masses in other
parts of the body, yet according to Greene, the disease was
not necessarily an autonomous malignant neoplasm. Since it
was an accepted fact that there were in tumors different de-
grees of malignancy, the investigators felt that no doubt
there were also different degrees within the definition of
autonomy .

The failures of takes was explained by the following
points: (1) lack of resistance of these cells to various
types of trauma and adverse conditions, (2) short 1life span
of these cells, and (3) the rapid development of immunity.

The first premise of the discussion of the transplant
failure concerned the cells of the hematopoletic system
which were notoriously susceptible to injuries. The in-
Juries were designated as temperature changes, radiations,
adreno-corticotrophic and adrenocortical hormones, non sp-
ecific heterologous body fluids, various drugs and metabol-
ites. Cells of malignant lymphomas as contrasted with hard-
ier cells of fibroscarcoma and certaln other neoplasms were
expected to die at a higher rate. It was indicated that in-
sufficient numbers of cells might survive to produce a via-
ble tumor. Obviously, successful transplantation depended
on the survival of cells.

The second factor considered as affecting the survival
was the natural 1life span of the cells themselves. Malignant

lymphoma cells probably existed no longer than corresponding
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normal type. If cells died because of short life span be-
fore a new sourcse of nutrition was established, the trans-
plant was absorbed. However, thgt this was not the only
factor concerned was shown by growth of a malignant lymph-
oma of mice 1n homologous and hetsrologous strains.

An attempt was made to explaln the fallure of trans-
plant growth on the basis of a rapid development of immunity.
This statement was based upon two factors: (1) the afore-
mentioned short 1life of cells, the shortest exhibited by
any type of tissue and (2) after transplantation early nec-
rolysis of some of the transplanted cells could have re-
leased antigen which quickly aroused a humoral defense re-
action.

It was interposed at this point that according to Greens
(1942) the anterior chamber was not isolated but it exhibited
antibodies formed elsewhere. The presence of these antl-
bodies 1n the eye could have augmented the non specific causes
for cell death.

That immune reaction might be the determining factor
in failure of heterotransplant was further substantiated
by interesting work done by Lushbaugh and Steiner also re-
ported in this same paper. A dog subjected to total body
x-radiation a procedure which inhibits antibody production,
was successfully 1inoculated with a canine lymphoma.

The foregoing explanation of heterotransplant fallure

was based upon a short 1life span coupled with an inherent
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hich degree of susceptibility to injury which forecasted
early death for these cells. This early mortallty, in turn,
incited antibody formation by the host upon release of anti-
goen from the dying cells. The po!nt of the discussion was
this, if antibodies could unfavorably influence lntraocular
transplants then the fate of the tumor would be less de-
pendent upon the inherent autonomy and malignancy of cellse.

These investigators indicated that thils explanation
might explain the successful takes of brain tumors, charac-
terized by low malignancy but long cell survifal, also,
fibrosarcoma, chondrosarcoma and carcinoma of the prostate.
Likewlse, transplant failures of highly malignant tumors of
childhood, described previously by Eichwald (1948), and mal-
ignant lymphomas both composed of short lived, labile, highly
malignant cells, were attributed to immune response by the
host.

The final corment contained in this work concerning the
value of the anterior chamber was that 1t was no aid in dia-
gnosing mallignant lymphoma but has merit for studying the
histology of certain cancers.

The transplantation studies of the renal carcinoma of

the frog (Rana pipiens)by Lucke and Schlumberger (1940a,

1940b) and Schlumberger and Lucké (1949) were the most in-
tensive studies on the characteristics of transplants of
single neoplasms undertaken up to this time. An effort was

made to gain understanding of the effect of repeated transfers
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and prolonged maintenance in anterior chambers upon the
tumor. Points of concern were the rate and manner of grow-
th, malignant properties (invasiveness), response to changes
in temperature and behavior when transplanted to allen
species.

The incidence of takes over a period of 14 generations
did not reach 100% until the fourth generation. During these
successive generations no trend toward longer or shorter
length of time to fill the anterior chamber was noted. The
manner of growth was adequately described in a previous pub-
lication of these authors (1939).

The observations showed that at a higher temperature,
2800., the rate of growth of the transblant was much accel-
erated, more rapidly vascularlzed, and the tubular growth
tended to tecome cystic through accumulation of fluid. At
7°C. the growth was greatly fetarded.

The most significant findings contained in this report
pertalned to the effect of serial transfer on subsequent
heterotransplantation. ZEarly experiments indicated that ﬁhe
renal carcinoma could be established in the eyes of other
specles of the same family of frogs. In a member of a
differenﬁ family (the toad) the proportion of successful
transplants had been somewhat lessened. In animals of 4iff-
erent classes of cold-blooded vertebrates (the goldfish) the
transplants regressed. Furthermore, homologous passage prior
to transfer to other hosts did not facilitate heterotrans-

plantation.
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Eichwald et al (1950) published results of an initial
study on the significance of the anterior chamber in tumor
transplantation. Although the work thus far reported was
concerned with only homologous transplants, attention should
be drawn to the fact of the increasing numbers of reports
concerned with finding the limlitations of the anterior cham-
ber. This was contrasted to the studies wherein the object-
ive was apparently to transplant successfully as many types
of tumors as possible. In this work, an attempt was made
to determine whether or not growth of a tumor transplanted
to the anterior chamber was limited to this space or pro-
gresses beyond it in a host in which the same tumor would
not 1f transplanted subcutansously. Progressive tumor
growth was significantly more frequent in mice with inoc-
ulations into the anterior chamber than the latter. Gross
metastases were not observed with this particular strain of
tumor, mouse neuroblastoma Cl300.

The report of a thorough investigation by lMorris et al
(1950) also appeared the same year. The purpose of this
study was to determine if twrors of human origin could be
successfully transplanted into.ths anterior chamber of eyes
of animals. The objectives of the study were: (1) whether
the method could be used as an aid in dlagnosis and prognosis
of malignant disease, (2) what were essential factors for
successful transplantation and (3) the biologic factors for

growth of the transplant.



In this report, the following criteria were given for
successful transplantation: (1) vascularization of trans-
plant by the vessels of the host, (2) definite growth of the
transplant within a reasonable period, (3) morphologic and
cytologlic similarity of the transplant end the tissue orig-
inally transplanted and (4) possibly, eventual metastasis.

Quite loglcally, since the results of this study offer-
ed 1little evidence that heterotransplantation of malignant
human tumors could be accomplished, an attempt was made to
standoff Greene's criticism of present tumor dlagnosis. To
reiterate, Greene (1948) censured the generally accepted
concept of dlagnosing neoplasms by their morphologic and
cytologic characteristics. It was suggested that tissues
should be assessed according to their behavior as trans-
plants.

Morris attacked Greene's theory on the basis of prac-
ticabllity from a clinical standpoint. The argument was
that even if inflltrative or metastatic tumors were trans-
plantable to the anterior chamber of allen species, the
clinical value of such a procedure was limited. The goal
in diegnoslis was to discover neoplasms while they werse
still largely or completely in situ, not after they were
wldely infiltrative or had given rise to distant metas-
tasis.

A seemingly pecullar finding was reported in thls paper

concerning intralenticular transplants. Even benign tumors
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survived when transplanted into the lens. One fundamental
difference between anterior chamber and intralenticular trans-
plants was the wvascularization of the transplants in the
anterior chamber as compared with the lack of vascﬁlarization
of intralenticular transplants. The method for accomplish-
ing this type of transplantation was not elaborated upon,

and to this writer knowledge was without antecedent.
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MATERIALS AXND IETHODS

A. Avian Lymphoid Tumor (Olson Tumor)

This tumor designated as RPL 121 is one of several
strains of lymphold tumors maintained at this laboratory.

It was seclected because of 1ts rapid rate of growth when
introduced into the pectoral muscle of the chicken. Serial
passage of thils tumor provided an abundant supply of fresh
material.

The orizinal tumor was 1solated 1n 1937 from a fleld
case at Amherst, lassachusetts. After thirty passaces,
Clson (1941a) reported studles on the transmission of this
tumor. Growth was obtained in €7.7% of the birds inoculat-
ed. After growth was established, the tumor elther event-
ually regressed, remained localized at the site of inocul-
ation, or metastasized to visceral orcans, insuring ultimate
death. .Regression was observed in 44.3% of chickens in
which implants developed. 1In 33.75 of the cases in which
growth took vlace, the tumor remained localized at the site
of 1inoculation. It should be noted that metastasis occurred
in only 177 of all birds in which growth was observed.

This tumor strain was obtained for use from Dr. Olson

at the 138th serial passage in 1942. Through the 140

Iibbreviation for Reglonal Poultry Laboratcory
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passages conducted at this laboratory since that time,
increased malignant tendencies of this straln have been
observed.

At this point 1t should be emphasized that the number
of cells per inoculum was standardized, otherwise conclusive
data could not have been derived from thls extensive passage.
work. Whereas 29,1 days was the average survival time for
birds inoculated in the first ten passages, between the 3lst
and 40th passages the interval dropped to 8.2 days. This
interval has remained approximately the same during the
last one hundred passages. Likewise, the percentage with
pectoral muscle tumor only decreased from 37% in the first
ten passages to 4.5% average for the 31lst to 40th passages.
These figures indicated that nearly every implant metasta-
sized1 and that the infliltration of neoplastlic cells into
various organs of the chicken was strongly correlated with
the average survival time. Another significant point was
that a tumor developed in nearly every case in most pass-
ages.

Statistics compiled at this laboratory indicate that
the orzans showing metastatic lesions were many, however,
the percentage of involvement was worthy of note. Comp-

ilation of figures during the 140 passages showed that the

;%The word metastasis is used in a broad sense here.
There 1s some concern among workers as to the pathogenesis
of these transplanted cells in the avian host.
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liver was positive in 84.8% of the cases. The spleen was
involved in about two-thirds of the cases (66.2%). Follow-
ing this the percentazes wsre: Ikidney 35.2%, ~onads 27.27,
a1r=212l 3land 13.3%, proventriculus 11.5%, heart 7.5%, and
pancireas 6.8%. Infilltration into nerves as shown by gross
examination was found<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>