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ABSTRACT

Experiments representing an attempt to transplant human urogenital malignant tumors transplan-
table in nude mice to antithymocyte serum (ATS)-treated, thymectomized neonatal hamsters were
conducted, with the results assessed in comparison with those in nude mice, using specimens from
human anaplastic prostatic adenocarcinoma, transitional cell carcinoma of the bladder and renal
cell carcinoma. These tumors transplanted grew somewhat slower in hamsters and showed a slightly
pronounced tendency of adherence to surrounding tissues, compared to those in nude mice. There
was no evidence of metastasis of the tumors transplanted in hamsters and nude mice.

The results of the experiments suggest possibilities of development of laboratory animals in which
human malignant tumors of the urogenital system may be transplanted under ordinary conditions

of feeding.

INTRODUCTION

The use of the vinyl isolator is essential
for raising and carrying out experiments
on nude mice but counsiderable cumber-
someness is inherent in it. If it be prac-
ticable to attain transplantation, especially
serial transplantations, of human urogenital
malignant tumors to hamsters, an extensive
application of the animal to cancer research
will be possible as with the nude mice.

The present study was undertaken to
investigate histopathologic features of the
growth in thymectomized neonatal golden
hamsters injected subcutaneously with ATS
of transplanted human wurogenital malig-
nant neoplasms which had been serially
grafted in nude mice. The data compared
with those on these transplantable tumors
in nude mice have suggested potential
experimental usefulness of ATS-treated,
thymectomized hamsters in various fields
of biological research.

MATERIALS AND METHODS

Experiments were carried out by a slight

modification of the method of Levey et al.l?,
using 30 adult non-inbred Syrian golden
hamsters of both sexes weighing 15 to 20 g
which were thymectomized at two weeks
of age. Thymectomy is necessary in ham-
sters since the thymus is located within the
thoracic cavity, where the following pre-
cautions should be observed: (1) avoid
hemorrhage, (2) completely remove the
thymus and (3) complete the operation as
quickly as practicable.
Preparation of ATS

Ten adult golden hamsters were thy-
mectomized and the thymus was removed
aseptically, care being taken to minimize
hemorrhage. The thymus tissue was
placed in a sterile Petri dish containing
culture medium (Ham F-12) and adjoining
connective tissues, blood vessels and cap-
sules were carefully removed. It was then
minced as finely as possible and, after
vigorous pipetting, passed twice filtered
twice through a 80- to 150-u stainless
steel mesh, and washed with three changes
of culture medium by centrifugation at
1,200 rpm for 10 minutes each. The
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resulting lymphocyte suspension was ad-
justed to a concentration of 2 x107 cells
per ml and injected into two normal albino
rabbits intravenously in a dose of 10® cells
per animal via thé auricular vein. The
animals received booster injections with
the same numbers of hamster thymic lym-
phocytes for three consecutive days begin-
ning 14 days after the initial injection. On
day 7 after the final injection blood was
drawn by cardiac puncture, from which
serum was immediately separated, decom-
plemented by heating at 56°C for 30 minu-
tes, and, after absorption with hamster
erythrocytes and myelocytes, stored frozen.
Titration of ATS

Assay for cytotoxic potency of ATS was
performed by the method of Sakakibara et
al.®

To aliquots of serial twofold dilutions of
antiserum (ATS), equal volumes of 1:3
dilution of lyophilized guinea pig comple-
ment in Tyrode’s solution were added,
followed by additien of equal volumes of
target cell (hamster thymic lymphocyte)
suspension previously adjusted to 5x10%
cells per ml. The mixtures were incubated
at 37°C for 45 minutes.

The mixtures were then cooled for 10
minutes to stop the reaction and spun at
1,000 rpm for 10 minutes, and the super-
natant was discarded, and the cells resus-
pended in Tyrode’s solution. The viable
cell count was made of the cell suspension
with 0.29, trypan blue, whereby the per-
centage of killed cells in the whole popula-
tion calculated to determine the cytocidal
potency of the ATS being defined here as
reciprocal of the dilution of ATS causing
death of 509, of the cell population. ATS
preparations showing cytocidal potencies
of =512 units were used in the experi-
ments. Two-week old, thymectomized
hamsters were injected with 0.5ml of ATS
by subcutaneous route daily for a period
of 2 weeks. Human anaplastic prostatic
adenocarcinoma, transitional cell carcinoma
of the bladder or renal cell carcinoma
transplantable to nude mice was minced
into fragments, 3 X3 x3 mm, and trans-
planted subcutaneously into the back of

hamsters. The animals then received ATS
in amounts of 0.5ml s.c. on alternate
days for a period of 4 weeks. At 4 weeks
after the transplantation the hamsters were
sacrificed and examined at autopsy for
growth and metastatic spread of the tumor.
Histopathologic examinations were made
of slides prepared from paraffin blocks,
with hematoxylin and eosin or Masson-
trichrome stain, of the tumor specimens
fixed in 209, formalin.

RESULTS

The growth of transplanted human tu-
mors in hamsters was measured at consecu-
tive periods following transplantation, with
the results as follows. The tumor growth
rate was determined in 30 nude mice as
controls, viz. 10 with anaplastic prostatic
adenocarcinoma, 10 with transitional cell
carcinoma of the bladder and 10 with
renal cell carcinoma. The average tumor
growth rate for these 30 nude mice, exp-
ressed as ratio of tumor volume at 4 weeks
after transplantation to that at transplan-
tation, was about 12 times. The average
ratio was determined to be 9 times approxi-
mately for 30 hamsters. The growth rate
of transplanted human tumors in hamsters
varied noticeably, ranging from remark-
ably rapid growth (Fig. 1) to slow growth
(Fig. 2).

There was gross evidence of vasculari-
zation into the tumor from surrounding
tissues in the hamsters as in the nude mice.

Microscopic examinations of these trans-
planted tumors were carried out to com-
pare their histopathologic features with
those of tumors transplanted in nude mice.

Microscopically, anaplastic prostatic ade-
nocarcinoma transplanted in nude mice
comprised large clear cells, small, some-
what dark cells and stroma, presenting
histologic features of remarkably ana-
plastic adenocarcinoma with only sparse
tubular glandular structures, and with occa-
sional necrotic foci possibly due to active
proliferation (Fig. 3).

After transplanted in hamsters, the tumor
showed little or no change in the relative
subpopulations of large clear cells and small
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Fig. 1. Actively grown, anaplastc prostatic adenocarcinoma in hamster Fig. 2. Relatively slowly growing transitional cell vesical carcinoma in
4 weeks after subcutanecus transplantation of two 33 3 mm hamster 4 weeks after transplantation of three 33> 3 mm
tumor fragments. The lobular proliferation of adenocarcinoma fragments of tumor. Note the vascularization supplying from
is well demonstrated. the surrcunding tissue to the tumor.
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Fig. 3. Anaplastic adenocarcinoma in nude mice ; remarkable anaplastic Fig. 4. Anaplastic adenocarcinoma after transplanted in hamsters; the

type with only sparse tubular glaudular structures and with tumor showed slight proliferation of stroma as compared to the
occasional necrotic foci. tumor transplanted in nude mice.
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Transitional cell vesical vesical carcinoma transplanted in
nude mice ; undifferentiated transitional cell carcinoma with
adenomatous patterns.

Renal cell carcinoma in nude mice; transplanted a mixed
type tumor consisting largely of clear cells with intermixed
dark cells and scanty of stroma.

WE ot O 2
Transitional cell vesical carcinoma transplanted in hamsters ;
the tumor showed essentially the same structures with
minimal cystoid changes.

Renal cell carcinoma transplanted in hamsters; virtually
comparable in character to that in nude mice although it
contained increased stromal proliferation.
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dark cells with slight proliferation of

stroma as compared to the tumor trans-.

planted in nude mice (Fig. 4).

Transitional cell carcinoma of the bladder
transplanted in nude mice had microscopic
features which basically may be referred
to as undifferentiated transitional cell car-
cinoma though containing elements that
showed adenomatous patterns (Fig. 5).
When transplanted in hamsters, the tumor
showed essentially the same structures with
minimal cystoid changes (¥Fig. 6).

In nude mice, transplanted renal cell
carcinoma was histologically a mixed type
tumor consisting largely of clear cells with
intermixed dark cells and scanty of stroma
(Fig. 7). 'The tumor transplanted in ham-
sters was virtually comparable in character
to that in nude mice although it contained
increased stromal proliferation (Fig. 8).

DISCUSSION

The optimal conditions for growth of
heterotransplanted human or other animal
tumors, according to Stanbridge et al.®,
are {a) neonatal thymectomy coupled with
ATS or (b) thymectomy followed by whole-
body irradiation and bone marrow recon-
stitution. They also state that the use of
immuno-suppressed animals has great po-
tential in cancer research, especially in
studies with human malignant material.

Wagner and co-workers® prepared hete-
rologous antilymphocyte serum (HAS) in
rabbits and a pony and carried out its
titration in vivo in terms of its ability to
suppress the rejection of allografted tumors.

Meanwhile, tumor-specific transplanta-
tion antigens (TSTA) were discovered by
Haughton et al.® in spontaneous twmors
of mice, and immunization against these
TSTA may render normal animals resis-
tant to subsequent grafting with tumors
from syngeneic donors.

It was also reported by Sakakibara and
his associates® that the tumor size reached
a maximum on day 21, followed by regres-
sion, in hydrocortisone-treated golden hams-
ters with transplanted xenogeneic tumors
whereas the tumor size tended to progres-
sively increase consistently even beyond

the third week in ATS-treated animals;
hence a significant effect of the administ-
ration of ATS.

In a study of Benjamin et al.® with
materials derived from naturally occurring
human bladder carcinoma, it was noted
that, microscopically, the transitional cell
carcinoma heterotransplanted in hamsters
changed into one with spindle cell features.

Cobb™ described the growth and metas-
tatic spread of human tumors in immu-
nosuppressed hamsters. In hamsters im-
munosuppressed by combined thymectomy
and ATS treatment to which a variety of
human tumors were transplanted in the
flank or the cheek pouch, metastases to the
lungs were evident in the period up to 4
months after grafting, with carcinomata of
the breasi, colon, larynx and kidney and
also with melanoma, rhabdomyosarcoma,
fibrosarcoma and teratoma of the testes.
Pulmonary metastases were observed with
14 of 20 different tumors implanted. Only
2 tumors, a hypernephroma and a mela-
noma, according to the report, became
established at the site of implantation
whilst the remainder showed regression
even if the tumor was proliferating in the
lungs.

In hamsters at 2 weeks of age, thymec-
tomy has frequently resulted in a high
mortality because of the anatomical loca-
lization of the organ within the thoracic
cavity. Davis et al.® described that thy-
mectomy at 28 days of age significantly
enhanced the immunosuppressive effect of
ALS and delayed recovery from that sup-
pression.

Experimental studies on antitumor the-
rapy in nude mice with transplanted human
tumors of the urogenital organs have been
conducted at this laboratory, of which the
significance has been reported?1®,

Lewis et al.'¥ attempted treatment with
methotrexate against human choriocarci-
noma transplanted in ALS-treated ham-
sters, with the finding that there was no
significant difference in oncolytic effect
of the drug on the tumor between ALS-
treated animals and untreated animals.

Animal species subjected to heterotrans-
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plantation of human tumors have been
largely confined to rodents, including mice
as well as hamsters.

It was reported by Arnstein et al.l®
that NIH Swiss mice treated with ATS
to diminish their cell-mediated immune
responsiveness proved to be gratifying as
substrates for the propagation of a variety
of human malignant tumors.

These observations suggest possible use-
fulness of other animals for heterotrans-
plantation studies with human malignant
neoplasms, among the various species of
laboratory animals.
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