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Autonomous Derivatives of Estrogen-induced Renal Carcinomas
and Spontaneous Renal Tumors in the Syrian Hamster1
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SUMMARY

A list of spontaneous renal tumors and of autonomous and
partially autonomous derivatives of estrogen-induced renal
carcinomas of Syrian hamsters is presented. More detailed
descriptions of a new spontaneous renal carcinoma and of
seven "autonomous" derivatives of estrogen-dependent renal

carcinomas, all of which are available in a liquid nitrogen
tumor bank, are included. Although androgen inhibits estrogen
tumorigenesis in the Syrian hamster kidney, it can be
substituted successfully for estrogen in maintaining growth of
early transplant serial passages. In such transplants hormone
dependency is usually lost between the 12th and 20th serial
passages (autonomy). These autonomous derivatives of hor
mone-dependent renal tumors retain responsiveness to some
steroidal hormones to varying extents. None of them has been
as completely autonomous, i.e., hormone unresponsive, as the
renal carcinoma of "spontaneous" origin. Although removal of

hormonal support from early transplants of this tumor may
inhibit or prevent tumor cell division, it does not necessarily
prevent cell survival. A single transplant of one of these
autonomous renal tumors may exhibit very marked histo-
logical differences during its life history. These differences
reflect an action of the host upon the neoplasm and do not
indicate progression. Hosts for autonomous renal tumors may
show atrophie testes but relatively normal accessories, suggest
ing that the transplant may synthesize physiologically active
sex steroids. Progression from hormone dependency to
autonomy in serial passages of the estrogen-induced renal
carcinoma occurs focally, resulting in cell areas with varying
degrees of hormone dependency within single transplants and
stressing the desirability of using cloned material for in vivo as
well as in vitro transplantation studies. The demonstration of
specific estrogen receptor proteins in the hamster kidney does
not explain the relation of estrogen to tumor induction or the
hormone responsiveness of the neoplasm. The roles of
receptors, of stroma-epithelium relationships, of viral genomes,
of immunogenicity, and antigenic differences in the induction
of this tumor and in its progression from hormone dependency
to autonomy are still not understood.

INTRODUCTION

Advances in understanding mechanisms of steroid hormone
action, particularly in the demonstration of cytoplasmic
hormone receptors in the cells of hormone target organs and in
the demonstration of the intranuclear binding of such
receptors to acceptor proteins associated with chromatin, have
renewed interest in hormonal aspects of carcinogenesis(l, 10,
22,31-35,58-61,66).

In studies of hormonal carcinogenesis the estrogen-induced
renal carcinoma of the Syrian hamster provides a particularly
useful experimental model. The tumor was first reported in
1947 (57). Subsequently, it has been studied extensively in
many laboratories, resulting in publications now numbering
many hundreds (for reviews, see Refs. 2 to 5, 9, 16, 23, 25,
26, 37, and 56).

Early serial transplant passages of the tumor are hormone
dependent (28, 37). This dependency is first confined to
estrogen; later androgen may be substituted successfully for
estrogen (36, 37). In tumor induction TPR,2 progesterone,

and deoxycorticosterone tend to inhibit the estrogen caicino-
genesis (5, 37). Sooner or later the transplants acquire varying
degrees of autonomy. The mechanism(s) by which mitotic
growth of a hormone-dependent neoplasm acquires inde
pendence from that specific hormone(s) is of fundamental
interest to both experimental and clinical oncologists. Some
autonomous or partially autonomous derivatives of originally
estrogen-induced and hormone-dependent renal carcinomas
have already been used in some laboratories (4, 6, 7, 11, 13,
17, 51, 65, 66). Only 1 such autonomous or "hormone-
independent" neoplasm is generally known; this is the

Horning-Mitchley line, discovered after 5 years and 19
generations of in vivo serial transfers in DBS-treated and
untreated hosts (47). It was reported in 1972 to be in its
209th serial passage in untreated hamsters (45). It is an
undifferentiated tumor retaining a morphological resemblance
to its estrogen-dependent progenitor. Although growing
readily in non-estrogen-treated, intact hosts, it still requires
endogenous sex hormone and remains sensitive to the
inhibitory properties of certain steroidal estrogen antagonists.
It is now transplanted every 14 days, as contrasted to over a

1Much of the work reported here has received support from USPHS
Research Grant CA-04516 from the National Cancer Institute.
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'The abbreviations used are: TPR, testosterone piopionate; DES,

diethylstilbestrol.
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year for the 1st few hormone-dependent passages (2-7, 16,
65).

An additional autonomous tumor (Tumor 14193, Sirbasku),
not reported heretofore, is available.3 This tumor was induced

by estrogen as usual and then carried as a subpannicular
transplant for 2 in vivo passages. Tumor cells were then
cultured (Eagle's basal medium supplemented with 10% calf

serum and 5 mg 17 0-estradiol per ml). Alternate in vitro and
in vivo passages were continued for 3 cycles requiring 12
months, at the end of which time cells were cultured for 7
months (subcultured weekly) showing no estrogen depen
dency. Cultures were then injected into 13 untreated hamsters
and gave rise to tumors in all. The tumor has a latent period of
about 40 days and retains much of the histological pattern
characteristic of estrogen-induced and -dependent renal carci
nomas (e.g., Fig. 4), although nuclear chromatin appears
coarser and more regularly distributed (Fig. 1).

All autonomous lines exhibit varying types and degrees of
hormone responsiveness. The most completely autonomous
line [No. 1098 (7528), see below] grows well in untreated,
gonadectomized or intact, male or female hosts, but it still
shows significant growth inhibition by progesterone (37). The
earliest serial passage in which evidence of autonomy has been
detected is the 12th passage (Nos. 3481 and 3482, Table 1).
Since this line is among those available in a tumor bank, it is
described under "Autonomous Derivatives of Induced Tu
mors." Many other autonomous lines are listed in Table 1.

With some exceptions (11, 13, 51, 66), few of these
autonomous or semiautonomous, hormone-responsive or con
ditional renal tumor transplants have been used in published
studies. Since they should be useful to many investigators, a
summary of their characteristics is presented in this paper,
together with a brief account of a spontaneous, transplantable,
clear-cell, renal carcinoma of the hamster (No. 8721R).

MATERIALS AND METHODS

In preparing this paper we have used data from approxi
mately 4000 Syrian hamsters (Mesocricetus auratus), mostly
golden with a few albinos and partial albinos, used in scores of
experiments conducted in this laboratory from 1947 to 1974.
Animals are maintained in metal or plastic cages, usually 1
animal/cage, but occasionally 2 to 5 males, never females, have
been kept together. All are given Purina laboratory chow, or
comparable compressed food pellets of other manufacture,
and water ad libitum. Greens are provided once or twice a
week. Transplantations are made subpannicularly and tissues
to be stored in a liquid nitrogen tumor bank are prepared as
described by Kirkman and Algard (44), except that recently
the 1-ml Kimax ampuls have been replaced by 2-ml plastic,
screw-top serum tubes (4 Shores-USA, La Jolla, Calif. 92037;
carried also by Union Carbide Corp., Linde Division, New
York, N. Y. 10017). All other techniques used are as described
earlier (37,40,44).

Transplanted tumors are referred to as autonomous when-

3From the present author or from its discoverer, Dr. David A.
Sirbasku, Department of Biochemistry and Molecular Biology, The
University of Texas Medical School, Houston, Texas 77025.

ever they grow progressively in intact hosts of either sex. This
is done arbitrarily to contrast them with estrogen-dependent
lines. Actually, none of the autonomous lines is independent
of all hormonal control, except for the spontaneous carcinoma
(N0.8721R).

RESULTS

Autonomous Renal Tumor Lines

Spontaneous Tumors

Several renal tumors occurring spontaneously in Syrian
hamsters have been reported (42). Others are listed in Table 2.
More recently, additional adenocarcinomas have been observed
(71-73).

Spontaneous carcinoma No. 8721R (Table 2) has been used
for a few isoenzyme studies (11, 13, 51) but no description
has been published. At necropsy a large primary tumor
occupied the cephalic pole of the right kidney. MÃ©tastases
were found in the left kidney, liver, splenic hilus, peritoneal
surface of the diaphragm, mesenteries, greater omentum, and
even s.c. None was found in lungs or lymph nodes. Although
the distribution of mÃ©tastases is characteristic of that
associated with estrogen-induced renal carcinomas (37), there
are several reasons for minimizing the theoretical possibility
that this tumor may have been induced by conversion of
androgen to estrogen, namely: (a) another male (No. 8875),
842 days old, treated with DES for 200 days and dying 593
days later had no renal rumors (Table 3); (b) of 45 hamsters
(14 intact males, 15 orchiectomized; 5 intact females, 11
ovariectomized) treated with TPR pellets in the same way, but
continuously for 550 or more days, none acquired renal
tumors (Table 4); (c) none of 4 hamsters treated with TPR for
the 1st 50 days of life, untreated for the next 457 days, and
treated again until death acquired renal tumors (Table 5); (d)
conspicuous differences in certain enzyme patterns have been
demonstrated between this renal tumor and estrogen-depen
dent and independent renal tumors (51); (e) this tumor has
been autonomous starting with the 1st in vivo passage;
estrogen-induced tumors require several passages before acquir
ing any autonomy.

No significant differences in latent periods or transplant
growth rates were observed between untreated male and
female and progesterone-treated male hosts. Histologically, the
primary tumor, its mÃ©tastases, its early and late serial
transplants, and mÃ©tastasesfrom them are essentially similar.
The tumor is undifferentiated and shows abundant mitotic
figures, many of them abnormal. The cells are cuboidal to
spindle shaped. The former tend to be arranged in branching,
anastomosing cords resembling those of primary estrogen-
induced renal carcinomas; the latter tend more to be arranged
in interweaving fascicles (Figs. 2 and 5). Among the smaller
cells are scattered a few somewhat larger ones with larger,
more vesicular nuclei containing more conspicuous nucleoli. In
mÃ©tastasesintravascular thrombi composed of tumor cells are
frequent. For a detailed histological description of such
primary tumors, see Ref. 37.
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Autonomous Derivatives of Induced Tumors

Thirty primary, estrogen-induced renal carcinomas have
been transplanted into estrogen-treated hosts. Although all
have grown, only a few have been continued long enough to
have acquired autonomy.

In addition to the autonomous tumors mentioned in this
paper, the following DES-induced and -dependent renal
carcinomas are stored in the tumor bank: 1st serial passage of
Nos. 14198 and 14199 and 10th and 12th serial passages of
No. 4833.

Code No. 6207 (11677). The donor of No. 6207 was a
340-day-old male golden hamster killed 290 days after
implantation of a 20-mg DES pellet that was reimplanted after
every 100 days of treatment. Multiple tumors were present in
each kidney. One of these tumors was used to start a line of
serial passages in DBS-treated male hosts. The 11th passage
failed to grow in untreated hosts. The 23rd passage in a
DES-treated male became palpable after 27 days. Estrogen
treatment was discontinued after 200 days and samples of the
surviving transplant were used as donor tissue for an untreated
male host (No. 11677) 123 days later. This tissue became
palpable after 26 days and was continued for 27 passages in
untreated, intact hosts, growing equally well in each sex. The
48th, 49th, and 50th passages were preserved in the tumor
bank and the in vivo line was discontinued. The latent period
for transplant palpability for the 1st 3 passages in DES-treated
male hosts was 247 days. By the 26th and 27th passages in
DES-treated males, it was reduced to 28 days. For the
currently available autonomous tumor the latent period in
untreated males and females is from 8 to 11 days.
Histologically, the cuboidal to columnar or spindle-shaped

tumor cells are arranged in irregularly shaped, branching,
anastomosing cords, frequently resembling fascicles. Cells vary
from abundant small, mononucleated ones to less abundant
large, multinucleated giant cells, with transitions between the
2 types. Nucleoli are conspicuous and mitoses are abundant
(Figs. 6 to 8).

Code No. 1098. Of many autonomous tumor lines derived
from No. 1098 (Table 1), 6 are available in the tumor bank.
No. 1098 was multiple in each kidney of a 564-day-old golden
male implanted with a 15-mg pellet of 170-estradiol on the
50th day of life and reimplanted every 100 days during a total
of 514 days. No mÃ©tastases were found. Most of the
experimental work on transplants of estrogen-induced renal
carcinomas in this laboratory has been on derivatives of this
primary tumor. During the 1st 12 serial passages of the
carcinoma a great deal of work was done involving intact,
gonadectomized, hypophysectomized, and adrenalectomized
hosts of each sex and involving the use of various estrogens
and other hormones (progesterone, TPR, deoxycorticosterone,
cortisone, adrenocorticothrophin) (37), alone and in combina
tion. In spite of all these endocrine manipulations the 1st
autonomous derivatives occurred in the 12th passages (Nos.
3481 and 3482, Table 1). Since in 2 other lines involving no
experimental work, other than transplantation of the tumor
subpannicularly into DES-treated hosts, the 1st autonomous
derivatives occurred in the 15th and 24th serial passages,
respectively (in the latter, autonomy checks were performed

only after the 8th, 11th, and 24th passages), the acquisition of
autonomy may be independent of the endocrine manipula
tions.

The 6 available autonomous derivatives from No. 1098 are
described below. In each case additional data are presented in
Table 1.

Code No. 1098 (3482). The llth serial passage, in DES-
TPR-treated hosts, was transplanted into 2 untreated males. It
grew in each, but only 1 (No. 3482) was retransplanted. Its
hormone responsiveness is indicated by the fact that the 12th
passage (1st autonomous passage) grew at different rates in
untreated male hosts (mean = 742 mg after 150 days),
TPR-treated male hosts (mean = 3,067 mg after 121 days), and
DES-treated male hosts (mean = 27,000 mg after 150 days).
This responsiveness was even more marked in its hormone-
dependent predecessor, e.g., the 7th serial passage was
transplanted into 25 DES-treated males; progesterone was
added to 7 of these with a mean transplant weight of 8,000 mg
after 144 days; deoxycorticosterone acetate was added to 9
with a mean weight of 55,000 mg after 107 days; TPR was
added to the remaining 9 with a mean weight of 122,000 mg
after 119 days.

Both early and late transplant passages of this autonomous
tumor resemble the histolÃ³gica! pattern of the original
primary, dependent carcinoma (No. 1098) consisting chiefly of
branching, anastomosing cords of cuboidal cells with abundant
mitotic figures (Fig. 9). Soon after transplantation into an
untreated male or female host however, occasional multinucle
ated, giant epithelial cells and a few scattered spindle-shaped
cells may be seen (Figs. 10 and 11). Rarely, a transplant may
survive for an exceptionally long time in the host, (e.g., 600 to
700 days). In such transplants anaplastic tumor cells with
prominent nucleoli may appear singly or in clusters, scattered
diffusely throughout a delicate, edematous stroma (Fig. 12).

Code No. 1098 (4549). The 33rd serial passage was
transplanted into 4 untreated females. It grew in only 1 of the
4 animals (No. 4549). This was continued in serial passage.
The 24th passage (No. 4268, Table 1) grew in untreated
female, but not male, hosts, but due to postmortem autolysis
is no longer available. The 119th and latter passages grow well
in untreated hosts of each sex. Cuboidal cells of variable size
and shape are arranged in branching, anastomosing cords (Figs.
13 and 14). Within 1 or 2 weeks after transplantation, heavy
infiltrations of plasma cells occur, and the tumor cells become
separated into clusters of varying sizes scattered through the
delicate intercellular edematous stroma as in No. 1098 (3482)
(Fig. 15). Abnormal mitotic figures are not uncommon (Fig.
16).

The palpability latent periods for transplants from No. 4549
became progressively shorter in hosts of each sex, to about 15
to 30 days in the 120th passage. The periods are consistently
shorter in females than in males; e.g., the female:male ratio in
the 3rd passage was 35:133 and in the 120th passage was
29:122 days, indicating the persistence of hormone sensitivity
in this autonomous line.

Code No. 1098 (5066). The 42nd serial passage in
DES-TPR-treated hosts was transplanted into a single un
treated female host (No. 5066). The transplant was continued
in serial passage, growing well in each sex. Histologically, the
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Table 2
Spontaneous renal tumors (all in right kidneys) from the Stanford hamster colony

Original donor Transplants

Accessionno.
TumorAge(days)atMÃ©tastases autopsy Sex TreatmentSerialpassageintumorbankMeanlatentperiodforpalpa

bility(days)Meangrowthrate(mg/day)Meanwt/100
gbody

wt(mg)Remarks

8721 R Carcinoma 792 M TPR 200 17
days+ 543 days
without
treatment

19 Described in text.

14027B9313

B13729

B14009

BCarcinomaNephro-blastomaNeurofibro

sarcomaAdenoma542608679506FFFFNoneNoneNoneNoneAdjacent

to
cortical cyst,
very small.Nottransplanted.83

2 692 No growthafter2nd
invivopassage.1

131 34 722 Caudalpolekidney.
Largeand

hemorrhagic.Tiny.

Table 3
Incidence of tumors in Syrian hamsters implanted subpanniciilarly with pellets of TPRC

200 Â±days, and autopsied at various intervals subsequently
for

Accession
no.743874587459746074618082872188468875126521317573877408747683338519121761232512451124591246012528126871279012240SexMMMMMMMMMMMFFF1FCÂ°CCCCCCCSAge

when
treatment

started
(days)959595959549494949601189549494949515252525251525251Duration

of
treatment

(days)20020020020020020020020020061351520020020020020020020020020020020020020028Terminal

period
without

treatment
(days)32011911911911933954310059313288100100113100490338340417420420436480513681TumorsfoundbNoneAdrenal

adenomaNoneAdrenal

adenomaNoneAdrenal

adenoma,reticularcell
sarcomaRenal
carcinomaNoneAdrenal

adenomaAdrenal
adenomaNoneNoneNoneNoneThyroid

adenomaAdrenal
adenomaNoneNoneAdrenal

adenomaNoneNoneNoneNoneNoneParathyroid

adenocarcinoma

0 30-mg pellets, reimplanted every 150 days.
b Adrenal multinodular hyperplasias and Stage 1 or 2 preneoplastic nodules of scent glands

(39) are not included.
c C, castrate male; S, spayed female.
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Table 4
Incidence of tumors in Syrian hamsters implanted subpannicularly with pellets ofTPR" on the

50th day of life and continued for 550 or more days

Accession
no.157115721573157416091632168217252308230923106779685168821377139814021404141014221426150116251633166516681677169217244909146214941562690213791382145215061563156415651567156815691570SexMMMMMMMMMMMMMMC"CCCCCCCCCCCCCC1pI!â€¢1sssssssssssDuration

of
treatment

(days)817817817817851879900908663682800580e608e619e616670671674682694696778857879894894898902906565606650693630e554558654711747747747748748748748TumorsfoundbNoneAdrenal

adenomaAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaMelanotic

melanoma,malignantPancreatic
islet cell (ÃŸ)adenocarcinomaNoneNoneNoneNoneNoneNoneAmelanotic

melanoma,malignantAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaNoneAdrenal

adenomaAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaAdrenal

adenoma, pancreaticisletcell
(a)adenocarcinomaAdrenal

adenomaAdrenal
adenoma, thyroidadenocarcinomaAdrenal

adenomaNoneNoneNoneThecoma,

malignantThyroid
adenocarcinomaNoneAdrenal

adenoma, livercarcinomaFibroma
(rightorbit)Adrenal

adenomaAdrenal
adenomaNoneAdrenal

adenomaAdrenal
adenomaAdrenal
adenomaAdrenal
adenomaAdrenal

adenoma

0 As for Table 3, Footnote a.
b As for Table 3, Footnote b.
c Ten pellets (300 mg), reimplanted every 150 days.
d C, castrate male; S, spayed female.

transplants resemble those derived from Nos. 3482 and 4549
above, except for areas of spindle-shaped cells rather loosely
arranged in interweaving fasciculi.

In common with other autonomous lines, e.g., No. 7311
below (Fig. 17), the cells in transplants of this tumor tend to
become very diffusely arranged, as well as increasingly
anaplastic (cf. Fig. 12).

Code No. 1098 (6901). The 10th passage of No. 1098
(4549) in untreated male and female hosts was transplanted

subpannicularly in DES-TPR-treated female hosts and con
tinued for 18 passages. The 19th passage was returned to an
untreated female host (No. 6901), and continued in each sex
for 103 serial passages, and then stored in the tumor bank. In
summary, starting with the original donor, No. 1098, the basic
family history of this line is as follows: 21 passages in
DES-treated hosts, 11 in DES-TPR-treated hosts, 10 in
untreated hosts, 18 in DES-TPR-treated hosts, and, finally,
103 passages in untreated hosts before storage. During this
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Table 5
Incidence of tumors in Syrian hamsters treated with TPR" for the 1st

50 days of life, followed by no treatment for 45 7 days, followed by
treatment with TPR until death

Accessionno.4513451543804475SexMMFE-'Terminaltreatment(days)20020167165Tumors
foundbAdrenal

adenocarcinomaAdrenal
adenomaNoneNone

" As for Table 3, Footnote a.
b As for Table 3, Footnote b.

history 3 other autonomous derivatives occurred, namely, Nos.
4268,4549, and 6901 (see above and Table 1).

The latent periods for transplant palpability of this series
changed from a mean of 100 days for the 1st passage in
DES-treated hosts to a mean of 34 days throughout the next
59 passages to the final 103 passages in untreated hosts. The
1st of these, i.e., the 60th passage from the original donor No.
1098, had a period of 20 days, and the last, or 164th passage,
had a period of 18 days. This tumor is more anaplastic than
are those described above. It consists mostly of small,
mononuclear to huge multinuclear, polyhedral cells in branch
ing anastomosing cords; some nuclei are elaborately lobulated.
Nucleoli are prominent and mitoses are abundant (Figs. 18 to
20).

Code No. 1098 (7311). Again, as for No. 1098 (4549),
transplant tissue from No. 1098 was carried through 21
passages in DES-treated hosts; and 22nd through 38th passages
were in DES-TPR-treated hosts. The 39th passage grew in
untreated female, but not in male, hosts; the 40th through
50th passages were continued in DES-TPR-treated hosts. The
51st passage grew in an untreated female host (No. 7311) (Fig.
21) and was continued for 86 passages before being stored in
the tumor bank. Transplant growth is consistently better in
female than in male hosts. The latent periods for the 86
passagesvaried from 25 to 45 days.

In each host, even prior to autonomy, the transplant is at
first compact, but later the cords of cells become widely
separated by the accumulation of abundant intercellular
material in the stroma (Fig. 17).

Code No. 1098 (7528). The 77th serial passage in
DES-treated hosts was transplanted into 2 untreated females, 8
untreated males, 8 untreated ovariectomized, and 8 DES-
treated ovariectomized hosts. Transplant growth occurred in
all but 2 males and the 8 untreated gonadectomized females.
The transplant from 1 of the 2 females (No. 7528) was
continued in serial passage. This autonomous line grew only in
female hosts through the 6th passage. Subsequent passages
grew in untreated, intact, and gonadectomized males and
females, in TPR-treated and in DES-treated gonadectomized
males and females, and in progesterone-treated females, but
not in progesterone-treated, ovariectomized hosts. The female
series with progesterone alone was discontinued after 6
passages. In intact and gonadectomized, untreated males and
females the latent periods showed no significant differences.
The series was continued through 29 passages. Histologically,

this autonomous line consists of cords of cuboidal cells (Figs.
23 and 24). A few giant cells have been observed.

The tumor bank also contains the 9th and llth serial
passages from DES-induced renal carcinoma No. 4833 (Fig.
25). The 3rd passage failed to grow in either of 2 untreated
males. The llth passage failed to show growth in any of 5
males untreated for 150 days; subsequently, however, after 48
to 71 (mean = 57) days of treatment with DES, all 5
transplants grew well (Figs. 26 and 27), with a mean growth
rate of 143 mg/day and a mean transplant weight/100 g of
body weight of 225 mg indicating tumor cell viability, but not
mitotic activity during the 150-day, no-treatment period. It is
probable that this line would acquire some degree of
autonomy very soon if in vivo transplantations were resumed.
With DES this tumor has a latent period of from 50 to 70
days.

Table 1 includes 63 additional autonomous derivatives of
estrogen-induced renal carcinomas that have been discontinued
in vivo and are not available from the tumor bank or
elsewhere. One of these derivatives (No. 6501) is illustrated in
Figs. 28 and 29; another (No. 3478) is illustrated in Fig. 3.

DISCUSSION

With the exception of the estrogen-induced renal carcinoma,
induced kidney neoplasms, like spontaneous ones, are rare in
hamsters. A single simple renal adenoma is mentioned by
Tomatis et al. (69) in a group of hamsters fed with
dimethylnitrosamine. Toth et al. (74) report a clear-cell renal
adenoma, and Toth (70) reports 2 carcinomas and 1
myxosarcoma in a large group of urethan-treated hamsters.
Lee et al. (52) list 2 renal angiosarcomas in a group of
newborn hamsters given 7,12-dimethylbenz(a)anthracene in
tricapryline. Following the administration of urethan associ
ated with X-rays, GuÃ©rinet al. (23) report finding a
nephroblastoma and 2 renal angiosarcomas in 1 hamster. In
spite of their occurrence in experimental animals these tumors
are interpreted as spontaneous.

In one way or another all of the autonomous lines are
responsive to some steroidal hormone(s), even when capable of
continuous growth in gonadectomized hamsters of either sex.
It is not satisfactory to refer to estrogen-induced renal
carcinomas as estrogen dependent and estrogen independent,
for even so-called estrogen-dependent transplants may grow as
well in TPR-conditioned hosts as in DBS-conditioned ones
(34), and some so-called estrogen-independent transplants may
grow at different rates in intact, untreated male and female
hosts. Even the Sirbasku tumor may still require some
estrogen, since the calf serum in the in vitro culture medium
has a trace of estrogen and since growth in gonadectomized
adrenalectomized hosts has not been reported.

Autonomy checks, consisting of the transplantation of small
random samples from hormone-dependent tumors into un
treated hosts, are not as significant as sometimes supposed.
For example, the 38th serial passage in DES-treated hosts of
estrogen-induced hamster renal carcinoma No. 1098 was
transplanted s.c. into a 100-day-old, otherwise untreated male
hamster. The transplant remained unpalpable for 407 days,
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after which time, i.e., at the age of 507 days, a 20-mg pellet of
DES was implanted s.c. The transplant was readily palpable 40
days later; after 66 days of estrogen treatment it weighed 20 g
or 22,222 mg/100 g of body weight. Random samples of the
transplant failed to grow in an untreated male. However, the
tumor transplants were continued serially in DBS-treated male
hosts with autonomy checks in 2 untreated males each after 5,
8, 15, 19, 22, 26, 29, 32, 35, 38, 41, 45, and 47 serial
passages. Perceptible transplant growth occurred only in the
8th, 32nd, 35th, and 38th passages (in the 35th passage
growth was observed in only 1 of the 2 hosts). Transplant
tissue from the 32nd passage was continued for a 2nd
autonomous passage in 2 untreated males and 2 untreated
females, with good growth in all 4 hosts. After this the line
was discontinued. After a variable number of serial passages in
estrogen-treated hosts, the estrogen-induced renal carcinoma
contains areas of autonomous cells as well as areas of
hormone-dependent ones. In taking random samples of
transplants for serial passages, chance plays a significant role in
which areas are selected. This focal progression to neoplasia
within single hyperplastic nodules is well known for other
tumors also and has been emphasized particularly by Foulds
(19, 20). The observation stresses the desirability of using
cloned material for in vivo as well as for in vitro transplanta
tion studies.

The existence of specific protein receptors in estrogen target
tissues of various animals (60), e.g., uterus, vagina, anterior
pituitary gland, mammary glands (10), and even certain
hypothalamic nuclei producing gonadotropic releasing factors
(67), is now well established. In the Syrian hamster the kidney
may be added to this list (Refs. 21, 53,65, and 66; J. J. Li, D.
J. Talley, and C. A. Villee, personal communication).
Presumably, such receptors are demonstrable in other estro
gen-responsive hamster tissues in which estrogen-induced
tumors occur, e.g., pituitary gland pars intermedia (29, 50,
75), epididymal head (49), and possibly (in association with
androgen receptors), certain scent gland tissue components
(40, 46) and muscularis of uterine horn (44, 48), ductus
deferens, and epididymal tail (41, 43, 49). However, the
demonstration of such receptors in cytosol preparations does
not explain the relation of estrogen to tumor induction or the
hormone responsiveness of the neoplasms.

The estrogen-induced renal carcinoma is generally thought
to arise from epithelial cells of proximal convoluted tubules
with possible contributions from distal tubules (24, 30, 36,54,
62,63). A possible role of stromal tissue, either as a direct (14,
15) contributor to the tumor or, more likely, as exerting an
inducing or organizing influence upon adjacent epithelium, has
been discussed (14, 37, 38). Since the neoplasm arises as
multiple nodules in widely scattered foci through the cortex, it
would seem that intracellular estrogen receptors either lack
uniformity in concentration or chemical maturity in different
cells making up the convoluted tubules, or unknown factors,
e.g., vascular and/or stromal variations, cyclic mitotic, or other
metabolic activities, influence availability of the receptor
protein. It has been suggested that the principal role of
estrogen may be to induce the conversion of the cytoplasmic
receptor protein to a biochemically functional form (receptor
transformation) followed by its temperature-dependent trans-
location to the nucleus (32). Differences in the latent periods

for induction of different tumor foci require explanation also;
i.e., a diffuse gradient of tumorigenesis with the earliest
nodules tending to appear near the corticomedullary junction
and the later ones more peripherally has been observed and
discussed (39). The occurrence of such multiple foci is
common in hormonal tumorigenesis, a conspicuous exception
being the estrogen-induced, so-called "adenoma" of the

pituitary gland pars intermedia of the hamster, where the
entire area appears to enlarge uniformly (29, 50, 75). On the
other hand, many other hamster cells known to contain
estrogen receptors, e.g., vagina, oviduct, and mammary gland,
do not acquire tumors following prolonged treatment with
estrogen, suggesting that the possible relation of such receptors
to estrogenic tumorigenesis is no simple matter. Since
progesterone and some other steroids inhibit the induction of
renal tumors by estrogen (37), competition between different
hormone receptors may well be significant. In spite of the
demonstration of hormone receptors in many targets, known
to give rise to tumors following the prolonged administration
of hormones, the possibility remains that hormonal influences
are of secondary significance in neoplasia, and that, although
the hormones are of clinical importance and very significant in
tumor progression, they are not primarily involved in tumor
induction (55).

The common erigin of the epithelia of the renal nephron
and the epididymis, their stromal tissue, and the muscularis of
both ductus deferens and uterine horn, from mesenchyme of
the urogenital ridge is undoubtedly involved in the relative
sensitivities of these several tissues to the tumorigenic
properties of sex hormones. This is a very complicated and
imperfectly understood field, however (8), and cannot at
present be more specifically implicated in the histogenesis of
the estrogen-induced renal carcinoma or in the sex hormone-
induced hamster tumors of the other tissues mentioned. It is
remarkable how little attention is being paid to stromal-
epithelial relationships in current studies of tumor induction,
in view of the great significance of these relationships in
processes of embryonic induction and differentiation and of
the fact that cancer investigators have been more or less
cognizant of the possibilities inherent in such relationships for
nearly 100 years (64, 68). Although a primary stromal role in
tumorigenesis has been postulated frequently, stromal reac
tions usually are considered in relation to transplanted tumors
and interpreted as host responses to neoplastic cells, e.g.,
Bashford's "specific stroma reaction" [see discussions by

Foulds (20)].
Do the renal target cells contain preexisting latent viral

genomes that require heavy estrogen dosage to become
carcinogenically activated? If so, how is this activation
accomplished? The oncogenic RNA viruses appear first
cytoplasmically and only later in nuclei. Does the estrogen act
simply to get receptor proteins inside the nuclei, after which
they become dispensable (32)?

With regard to possible virus involvement, Dodge (12) and
Llombart and Peydro4 have not found any electron micro-

4A. Llombart, Jr., and A. Peydro. R-Type Particles (RTP) in
Hormone-Independent Transplants of a Diethylstilbesterol-(DES) in
duced Kidney Tumor in the Syrian Golden Hamster. Second Meeting of
the European Association for Cancer Research, Hiedelberg, October 2
to 5, 1973.
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scopic evidence of viral presence in estrogen-dependent renal
carcinomas, but they have found C particles in autonomous
derivatives from them. Is a virus required for the transition
from hormone dependency to autonomy, rather than from
normalcy to neoplasia? Or, as suggested by Farber (18), does
the estrogen induce hyperplasia, followed by autonomy after
exposure to some unknown carcinogenic stimulus.

The subject of tumor immunogenicity, in terms of
cell-mediated (T lymphocytes) and humorally mediated (B
lymphocytes) antibodies in the estrogen-induced renal tumor,
has received very little attention. However, McLaughlineÃa/.5
suggest a "dissociation between hormonal dependence and
tumor immunogenicity" with respect to this tumor. Earlier

Weiler (76, 77) described antigenic differences between
estrogen-induced renal carcinoma and normal hamster kidney.

Even if the precise mechanism of estrogen tumorigenesis
were understood, it would not explain progression from
hormone dependency to hormone responsiveness to hormone
independence (autonomy).

It is characteristic of the estrogen-induced renal carcinoma
and of other hormone-induced or conditional (19) tumors
that, during the early periods when its growth is dependent
upon a suitable hormonal environment and removal of that
environment results in what appears to be complete tumor
regression, restoration of that environment, even after a very
prolonged period, e.g., 500 days, is followed by a rapid
restoration of tumor growth at the original site(s). The
character and potentialities of the presumed residual tumor
cells is of great importance in studies of the differentiation and
progression of any conditional neoplasm and, as discussed by
Foulds (19, 20), has received surprisingly little attention.
Foulds suggests that these residual cells seem to be comparable
with the unspecialized basal or reserve cells of normal tissue.

The tendency of late transplant passages of most of these
autonomous derivatives of estrogen-induced renal carcinomas
to resemble the original primary lesion shortly after transplan
tation (Fig. 22), but to exhibit very marked histolÃ³gica!
alterations (often accompanied by plasma cell "infiltration")

later on while still in the same host (Fig. 17), reflects an action
of the host upon the neoplasm. This action, however, does not
indicate "progression," since biopsy samples of the altered

transplant, retransplanted into new hosts, repeat the cycle.
Certain tumors synthesize sulfate esters of sex hormones

and appear to convert certain steroid precursors into physio
logically active hormones (10). Do autonomous renal tumor
cells, derived from hormone-dependent ones, owe their
survival to an acquired ability to synthesize estrogen (or
androgen)? Occasionally, hosts for such autonomous renal
tumors have shown at autopsy atrophie testes but seminal
vesicles and prostate of normal size and appearance. This
phenomenon has not been systematically studied for any of
the Stanford tumor lines but suggests a positive answer to the
above question.

Glucose 6-phosphate dehydrogenase analysis of hamster

5A. P. McLaughlin, III, W. O. Kessler, and R. F. Gittes. The
Dissociation between Endocrine Carcinogenesis and Tumor Antige-
nicity. American Urologica! Association Meeting, New York City, May
1973.

renal tumor tissue has been used to distinguish hormone-
dependent from hormone-independent tumors (2, 11). Hor
mone-dependent rat mammary gland tumors contain more
estrogen receptor proteins than do nondependent rat mam
mary tumors (31). Activities of certain enzymes, e.g., glucose
6-phosphate dehydrogenase, isocitrate dehydrogenase, and
pyruvate kinase, are higher in human breast carcinomas lacking
specific estrogen-binding capacity than in those that contain it.
In other words, "carcinomas that are potentially hormone

responsive demonstrate a different enzyme activity profile
from that of those that are potentially hormone independent"

(25). These observations suggest the possibility that similar
isoenzyme differences may exist in human tumors and provide
a rationale for the clinical use of estrogen inhibitors in
preventing progressive autonomy of primary estrogen-depen
dent human tumors (11).
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Fig. 1. An epididymal metastasis from a subpannicular, 49-day-old transplant from Sirbasku's autonomous renal carcinoma No. 14193, derived

from a DES-induced hamster tumor, cultured for 7 months. The cuboidal cells are arranged in branching, anastomosing cords, as in the original
hormone-induced and -dependent neoplasm. Chromatin pattern is somewhat denser than in original tumor, cf. Fig. 4. The transplant was palpable
after 45 days, with an estimated growth rate of 299 mg/day. Transplant weight, in mg/100 g of body weight, at autopsy was 9,466. (H & E,) X

550.
Fig. 2. The 1st serial passage of spontaneous renal clear-cell carcinoma No. 8721 after 46 days in an untreated female hamster. Many of the

robust epithelial cells are elongated or spindle shaped and arranged in whorls or fascicles. P = 30;' GR = 1.6; TW = 106. H & E, X 550.

Fig. 3. Nineteenth serial, subpannicular, 161-day-old transplant of autonomous derivative No. 3478 in untreated male host, from original
estradiol-induced and -dependent renal carcinoma No. 1098. The histolÃ³gica!pattern remains essentially the same as in the original dependent
tumor. P = 145;GR = 252;TW = 46,600. H & E, X 550.

Fig. 4. The 1st serial passage, after 202 days, in an untreated male hamster, of estradiol-induced and -dependent renal carcinoma No. 1098. P =

150;GR = 2.5;TW = 472. Mallory azan stain, X 550.
Fig. 5. The 4th serial passage of spontaneous renal carcinoma No. 8721 .after 16 days in host. P= 10; GR = 125;TW = 455. H & E, X 550.
Fig. 6. Pulmonary metastasis from the 49th serial in vivo passage of DES-induced renal carcinoma No. 6207,48 days after transplantation. The

line grew without exogenous estrogen in the 24th passage (No. 11441); i.e., the 49th serial passage is the 25th autonomous passage. P = 14; GR =

1500; TW = 857. H&E.X 100.
Fig. 7. As for Fig. 6, but X 500.
Fig. 8. The 49th subpannicular passage, after 48 days, of No. 6207, i.e., the transplant giving rise to the metastasis illustrated in Figs. 6 and 7. H

&E, X 550.
Fig. 9. Autonomous derivative No. 3482 from original estrogen-induced and -dependent No. 1098. Twenty-seventh serial passage, 197 days

after transplantation (11 passages in estrogen-treated hosts followed by 16 in untreated hosts). H. & E, X 550.

6The abbreviations used are: P, palpable (days after transplant); GR, estimated growth rate (mg/day); TW, transplant weight (mg/100 g of body

weight at autopsy).
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Fig. 10. Eleventh passage of autonomous derivative No. 3482 from estradiol-induced No. 1098 after 350 days. Marked variation in nuclear size.
P = 290; GR = 46; TW = 988. Mallory azan stain, X 550.

Fig. 11. As for Fig. 10.
Fig. 12. Seventh passage of autonomous derivative No. 3482 from induced No. 1098, after 692 days. Marked variation in cell size and shape.

Prominent nucleoli. Stromal edema. P = 310;GR = 108;TW = 55,556. H & E, X 550.
Fig. 13. Autonomous derivative No. 4549 from original No. 1098, 63 days after transplantation. No. 4549 was the 33rd serial passage from No.

1098, but the 1st autonomous passage in this line was No. 4268, the 23rd serial passage. Fig. 13 is from the 77th serial passage from No. 4549. P =
25;GR= 1968;TW = 167,568. H & E, X 550.

Fig. 14. As for Fig. 13, except that biopsy specimen was taken from transplant after 25 days in host.
Fig. 15. As for Fig. 13, but the 120th serial passage. Plasma cell infiltration is evident. P = 70; GR = 50; TW = 4,714. H & E, X 550.
Fig. 16. As for Fig. 15. Much stromal edema. Multipolar mitotic figure.
Fig. 17. The 4th DES-TPR-treated passage of the precursor of autonomous derivative No. 7311 from No. 1098, after 102 days of treatment. It

is the 43rd serial passage of original estradiol-induced No. 1098. The 1st 21 passages were in DES-treated hosts, the next 17 passages in
DES-TPR-treated hosts, the next passage in an untreated female, followed by 4 paasages in DES-TPR-treated females. The tumor is composed of
small clusters and columns of tumor cells separated by an abundant, edematous stroma. P =42;GR = 1412;TW = 202,817. H & E, X 350.

Fig. 18. The 2nd final autonomous passage of No. 6901 from No. 1098, after 29 days in host. P = 22;GR = 217; TW = 25,424. Mallory azan
stain, X 550.

Fig. 19. The 103rd final autonomous passage of No. 6901 from No. 1098, after 48 days in host. P = 18; GR = 96, TW = 4,894. H & E, X 550.
Fig. 20. As for Fig. 21.
Fig. 21. Autonomous derivative No. 7311 from original No. 1098. This is from the 7th final serial passage in untreated female hosts. It shows a

considerable variation in tumor cell size. Nucleoli are prominent. P = 71 ; GR = 228, TW = 46. H & E, X 550.
Fig. 23. Pulmonary metastasis from the 81st serial in vivo passage of estradiol-induced renal carcinoma No. 1098, 203 days after transplantation

in a female host. The line first grew without exogenous estrogen in the 77th passage (No. 7528); i.e., the 81st passage is the 4th autonomous
passage. P = 72; GR = 118;TW = 13,408. H & E, X 100.

Fig. 24. As for Fig. 23, except that the illustration is from the transplant, not a metastasis, and is from the 7th instead of the 4th autonomous
passage and the host was ovariectomized. The cuboidal epithelial cells are rather uniform in appearance and are arranged in distinct cords. P = 39;
GR = 41 ; TW = 5,405. H & E, X 550.

Fig. 25. Eighth subpannicular passage of DES-induced renal carcinoma No. 4833 after 149 days in a DES-treated male host. The cords of
cuboidal to columnar tumor cells are arranged in the pattern characteristic of this estrogen-induced carcinoma. P = 83; GR = 188;TW = 33,333. H
&E, X 550.

Fig. 26. DES-induced renal carcinoma No. 4833 was carried for 10 subpannicular passages in DES-treated hosts. The llth passage was carried
for 101 days in an untreated male host, during which time it did not become palpable;a 30-mg pellet of DES was then implanted subpannicularly
and the transplant became readily palpable 48 days later. The photograph is from a section of the transplant taken after 135 days of treatment.
The histolÃ³gica!pattern is essentially the same as in Fig. 25. The GR during the 135 days of estrogen treatment was 207; the TW was 239. H & E,
X 550.

Fig. 27. As for Fig. 26, but transplant from another host. The transplant became palpable after 71 days of the final treatment with DES. GR =
81;TW = 125.H&E, X 550.

Fig. 28. Tenth serial subpannicular, 303-day-old transplant of autonomous derivative No. 6501 in untreated hosts, from original
estradiol-treated renal carcinoma No. 1098. The transplant became autonomous after 62 passages in DES-treated hosts. There is considerable
variation in cell and nuclear size among the cuboidal cells arranged in characteristic cords. P = 58;GR = 132;TW = 30,303. H & E, X 150.

Fig. 29. As for Fig. 30, but X 550.
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