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The observation that total body irradiation in
female mice is frequently if not inevitably followed
by the development of ovarian tumor (8) has been
confirmed and extended by several investigators
(18, 15, 17, 19). The induction period of the tumors
is very long. While regenerative changes begin
after 4 to 6 months (5), tumor-like growth does not
appear before about 7 months; large tumors are in-
frequent and metastases are rare.

Six years ago experiments were begun to ascer-
tain by transplantation studies the neoplastic
character of the hyperplastic nodules that occur
following irradiation and to secure pure lines of
neoplastic cells of different sorts. Transplantations
are suitable to study the morphogenic potencies of
the ovarian tumor cells of different types, their
interrelationship and the secondary changes they
produce. Thus, 16 ovarian tumor strains have been
studied, of which a luteoma has already been de-
scribed in extenso (9). The successful transplanta-
tion of granulosa tumors and their striking second-
ary changes have been recorded in preliminary
reports (6).

It is the purpose of this paper to survey the
characteristics of the 16 strains of transplantable
ovarian tumors and to find out what they contribute
toward the understanding of ovarian tumor prob-
lems. Fifteen attempts to transplant x-ray induced
tumors were unsuccessful in the first passage. Most
of these were done under unfavorable conditions
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and in a small number of mice, and will not be re-
viewed. :

Tumors arising in irradiated ovaries are com-
plex. Most transplanted neoplasms are of the
granulosa cell type; a smaller number are luteomas
and tubular adenomas. All of these types are fre-
quently present in the same x-rayed ovary, and the
type of tumor particles used for transplantation,
the growth rate of the different elements, and
probably other factors residing in host tissue and
donor determine which and how many types of
transplantable neoplasms are isolated from a single
irradiated ovary. Less commonly encountered neo-
plasms are hemangiomas and endotheliomas, (two
of which resembled chorio-epitheliomas) and sarc-
omas. Only two types of cells thus far trans-
planted were found to be associated with hormone
production: granulosa cell tumors cause morpho-
logical changes indicative of the production of es-
trogens, and luteomas of progestins.

Increase of blood volume goes invariably with
granulosa tumor (11, 20) and for the hypothetical
substance responsible for this, the name plethorin
will be used.

MATERIALS AND METHODS

The ovarian tumors were cut up in Tyrode’s
solution and implanted through various routes,
including the spleen, liver, and the anterior cham-
ber of the eye. Since the tumors were induced in F,
(Ak/Rf) hybrids, the transfers were made rou-
tinely in young (2 to 3 months old) mice of this
stock. The organs studied were fixed in Zenker-
formol or formol solution, embedded in paraffip or
cut in the frozen state, stained routinely by hema-
toxylin and eosin and occasionally with Mallory’s
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anilin blue, Masson’s trichrome, Sudan III, and
other special procedures as will be named. The ir-
radiation factors and induction of the tumors have

been described (7).

Strain I: Granulosa Type

The animal from which this strain originated received 175 r
when 40 days old, was painted with methylcholanthrene twice
a week during 4 weeks (beginning one day after irradiation),
and was killed 12 months after irradiation. The right ovary was
replaced by a white-yellow-brown tumor, 18 X 18 mm. in the
two greatest diameters. The left ovary appeared normal. A
metastatic node was found in the liver.

The ovarian tumor wasof the granulosa cell type. In placesthe
cells formed amorphous masses, in places cords and follicle-like
structures. The cytoplasm was scanty and the nuclei showed a
coarse stippled chromatin pattern (Fig. 1). In some masses and
follicles, the cells liquefied into an eosinophilic transparent sub-
stance. There were many edematous and necrotic areas. _

In the first passage, the same structures were found in the
tumors (Fig. 2); but the follicular formations of Graafian type
were more abundant (Figs. 8 and 4).

In the second subpassage, deeply stained fibroblast-like cells
appeared. In parts granulosa cells with elongated nuclei showed
a bundle-like arrangement, some were detached, resembling
plasma cells.

In the third subpassage antrum-like structures occurred in
the solid masses (Fig. 4). They contained desquamated cells, or
a transparent eosinophilic liquid, or red blood corpuscles. The
tubules were lined with cuboidal cells (Fig. 5) some with papil-
lary formations. In some tumors, the low cylindrical cells
formed rows along the capillaries.

In the fourth subpassage, the structures remained the same.
Areas of degeneration (Fig. 6), fibrosis and necrosis were pres-
ent in almost all tumors. The histological picture did not
change in the subsequent passages and the ability of the tumor
cell to form follicles was retained after a year of subpassages.

Transplantation and biological behavior:—The
results of all transplantations are summarized in
Table 1. The per cent of takes after subcutaneous
injection of normal animals fluctuated after an in-
crease in the first and second subpassages; it
dropped and rose again in the fifth subpassage.
The males seemed to be slightly more susceptible
(55 per cent) than the females (42 per cent). Intra-
splenic injections were successful in all of 8 normal
mice of both sexes.

The latent period of the tumors did not change
in a constant direction. There was an increase until
the fourth subpassage, followed by a decrease. The
average was 30 days with a range of 7 to 85 days.
The rate of growth did not seem to parallel the
latent period.

The secondary changes produced by this strain
as well as by other granulosa strains are of at least
two kinds: a) estrogenic; b) a dilatation of sinus-
oidal system with blood volume rise, hereafter re-
ferred to as plethoric. These effects have been
mentioned in previous papers (11, 20) and are be-
ing further investigated currently (14).

The estrogenic influence was manifest from the

first subpassage on. Previous irradiation or gonad-
ectomy of the host did not materially alter them.

All routes of introduction save the intrasplenic
had these effects. The latter does not usually go
with hormonal changes except when the tumor ad-
heres to structures adjacent to the spleen. The
congestive changes became manifest during the
second subpassage and persisted until the final
subpassage. They were independent of the site of
injection and in the females a slightly greater tend-
ency of manifesting this change was recorded.

Intraabdominal hemorrhages occurred in 12
cases, due mainly to the rupture of the exceedingly
congested liver, spleen, or adrenal. The tumors ex-
hibited malignant properties: subcutaneous tu-
mors penetrated in the peritoneal cavity and me-
tastasized to the liver (10 cases); lungs (15 cases);
kidneys (1 case), and ovary (1 case). Only in two
cases was the tumor the source of the hemorrhage.
Hemorrhage into the thorax was also seen. In one
case pleural hemorrhage from pulmonary metasta-
sis was the cause of death.

In addition to these two main changes (estro-
genic and plethoric) most animals had a high de-
gree of relative anemia and splenomegaly with
marked extramedullary hemopoiesis.

Strain II: Granulosa Type

The original animal was irradiated with 175 r when she was
40 days old. She was painted with methylcholanthrene for 5
weeks, twice weekly (7) and was killed 7 months after irradia-
tion. The right ovary was replaced by a hemorrhagic yellow-
grey tumor of 15 X 18 X 9 mm. The uterus was about 3 mm.
thick. The tumor was composed of granulosa-sarcoma cells with
coarse and fine stippled nuclei, forming masses, and follicular
structures (Fig. 7). In places, the tumor cells regressed leaving
a stroma rich in capillaries.

In the first passage the tumors were of pure granulosa cell
type, forming solid masses and cords. Areas of fibrosis were
present. In the second passage, sarcomatous forms appeared.
There were abundant necrotic areas, many of which were cal-
cified, some ossified. The microscopic picture did not change
essentially in the course of subpassages, although in some tu-
mors, cords in others masses or follicular arrangements were
predominant. The sharpness of stippling of nuclei was variable;
it was usually present (Figs. 8 and 9). A cavernous hemangioma
developed in one of the recipients of the fourth subpassage.

Figures 10 to 12 show metastatic lesions in lung, kidney, and
liver respectively. Sudanophile fat was abundant in granulosa
cells in areas of degeneration and scant if any in “healthy”
cells. Acid-fast granules (ceroid) appeared in granulosa cells in
areas of degeneration (10).

Tubular necrosis in the kidney as illustrated in Figure 22
was a frequent finding.

Transplantation and biological behavior:—The
average per cent of takes was 47 per cent in both
sexes. No significant change occurred in the course
of the subpassages.

The latent period of the tumors increased from
an initial 17 days to 55 days in the fourth subpas-
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Fics. 1 to 6.—Strain L

F16. 1.—Solid masses of granulosa cells. Original tumor.
Mag. X 800.

Fic. 2.—Solid masses, rows and pyknotic granulosa cells.
First subpassage. X 850.

Fra. 8.—Follicle-like structures. Sixth subpassage. X 280.

Fic. 4.—An antrum follicle with a cumulus oophorus-like
formation. Fourth subpassage. X 280.

Fi6. 5.—Solid masses and rows of granulosa cells. Fifth sub-
passage. X 400.

F1c. 6.—Replacement of degenerating tumor by connective
tissue. Fourth subpassage. X 220.
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sage. In the fifth and sixth subpassages it dropped
back to 17 days. The shortest latent period was 5
days, the longest 172 days. The growth rate of the
tumors dropped in the second passage, suddenly
increased in the fourth subpassage.

Estrogenic effects on the tumor-bearing hosts
were recorded in 11 of 27 males and 6 of 27 females.
“ongestive changes were often encountered. Both
estrogenic and congestive changes were manifest
also in irradiated recipients. The site of the tumor
had no influence on the congestive changes.

The transplanted tumors were malignant. Two

penetrated into the abdominal cavity, 5 metasta-
sized to liver, 8 to lung, 1 to kidney, and 1 to ad-
renal.

Abdominal hemorrhage occurred in 7 cases.
This was due either to an intraabdominal tumor
mass or to the rupture of the highly congested
liver, spleen, or adrenal.

Strain III: Granulosa, Luteoma, Ademona,
and Sarcoma Lines
The original animal was irradiated with 175 r at 47 days of
age and painted with methylcholanthrene twice during one
week. Ten months later the left ovary was replaced by a yellow-

TABLE 1
TRANSPLANTATION DATA ON OVARIAN TUMORS INDUCED BY X-RAYS

NUMBER OF
Pas- Subpas- NorMmaL
SteaIN  TYPE OF TUMOR sages sages Skx Subcut Intraspleni

GONADECTOMIZED PRE-IRRADIATED

Quhent

I Granulosa
II Granulosa

III Granulosa

F 14/30 (469,
15 6 MB8/17 (479
F 52/108 (49%)
7 9 M 51/114 gq,s%)

Intrasplenic  Intrahepatic  Subcutaneous

F 47/112 (42 8 100 6/15
34 10 M 114/218%553’3 6;2 EIOO%S 8;16 gg%% 7 (0 13 i)

2/3 (66%) 8/4 (16%) 4/7 (57%)

25/69 ss%;
26/62(42
9/18 (69%)
0/4

2/10 (20%)

11/29(38%) 0/5
9/9 (100%) 0/1

Luteoma F 12/13 (92%)
S 1 Mo/10 (90%)
Fibroscarcoma 1 1 F 7/9 (18%)
Granulosa F 27/64 (42%) 7/12 (58%) 7/19 (37%)
16 4 M 26/68 (38%) 0/8
IV Adenoma F 1/9 (11%) 2/8 (66%)
4 2 M1/2 0/3
V  Granulosa F 99/328 (81%) $/13 (23%) 19/78(24%) 11/18(66%) 11/14(78%) 6/19 (31%)
80 15 M 104/267(39%) 6/12 (50%,) 26/55(47%) 18/33(55%) 4/1 (57%) 0/2
Granulosa F 0/10 1/8 (18%)
4 1 Mojs 4/19 (21%,)
. VI Adenoma- F 0/81 11/14(78%) 8/12 (25%)
granulosa 18 4 M 2/25 (8%) 4/4 (100%) 4/7 (57%)
Fibrosarcoma 1 1 F 1/6 (17%)
VII Adenoma ) F o/10 18/24(54%) 0/2 ~ 1/4 (25%)
1S 3 M1/21 (5%) 6/14 (43%) 0/2
VIII Adenoma F 2/12 (17%) 2/5 (40%)
5 2 Mg/ (18%)
IX Luteoma F 108/205(50%) 2/2 (100%) 12/18(66%) 1/4 (25%) 6/8 (75%)
89 10 M 75/169 (44%) 1/2 (50%) 9/23 (830%) 1/4 (25%) 2/6
X Adenoma F 0/18 6/10 (60%) 0/2
5 2 M 2/4
X1 Luteoma- 17 2 F 20/81 (25%)
granulosa M 24/57 (42%)
XIII Adenoma- 5 2 F 4/14 (29%)
granulosa M 7/18 (39%)
Fibrosarcoma 9 3 F 11/44 (5%
M 9/28 (32%)
XIV Granulosa 15 s F 5/47 (%) o/3 10/11(91%)
M 9/68 (13%) 1/2
XV Adenoma 8 2 F 1/26 %) 2/2
M 5/30 (17%) 2/2
XVI Adenoma 5 2 F o/
M 4/25 (16%)
XVII Adenoma 3 1 F o/
' M 5/19 (26%)
Leuteoma 6 1 F 1/14 (%)
M 7/26 (27%)
XVIII Adenoma 3 1 F 1/6 (20%) 3/5 (60%)

M o0/2

The ratios indicate the number of positives over the total number of mice injected. = .

Subcutaneous implantation of Strain I to 20 Ak mice and intravenous and intracardiac injections to 10 homologous Rf/Ak mice were not succgssful.
Intraperitoneal injections made to 20 mice of Strain II were successful in only one and were not successful in 4 mice of Strain III.

With Strain I, intratesticular injections were successful in 2 of 8 mice, intramuscular in 8 of 4, and intravenous in 1 of 8.

Intraocular implantations of Strain V were successful in 21 of 30 mice of the homologous stock, in 18 of 17 mice of the heterologous Rf stock, and in 1 of 18

rats. Intraocular implantations of Strain IX were successful in 2 of 6 mice of the heterologous Rf stock. Intraocular implantations of Strain XIII were un-

successful in 6 mice of the homologous stock.
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.—Metastasis to lung. Sixth subpassage. X 50.
F16. 11.—Metastasis to kidney. Fourth subpassage. X 150

Fig. 9.—Higher power of Figure 8, from the proximity of a

“cleft.”” Fourth subpassage. X 800.

Fia. 10,

Fi6. 7.—Solid follicle-like structures. The tumor is made up
of nodules of granulosa cells. Original tumor. X 200.

Fics. 7 to 12.—Strain II.

Frg. 8.—Solid growth of similar cells without follicle forma-

tion. Fourth subpassage. X 200.

Fig. 12.—Metastasis to liver. Fourth subpassage. X 100.
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grey partially hemorrhagic and necrotic tumor, measuring
2 X 5 X 1.5 cm. The right ovary was yellow and 1 X 2 mm.
in size. The uterus was 8 mm. thick.

The left ovarian tumor used for transfer was composed of
granulosa cells, imitating Graafian follicles. Calcium and other
crystalloid deposits and foreign body giant cells were seen in
the margin of necrotic areas. The tumor cells stained with
Gomori’s technique were acid phosphatase negative and slight-
ly positive for alkaline phosphatase.

In the first passage granulosa cells formed masses and fol-
licular structures; there were large areas of necrosis and edema.
Hortega stains showed a network of reticulum fibers, in places
coarse, in places fine-meshed. Sudanophilic fat was present in
cells in the edematous areas.

The accumulation of some fluid material separating widely
the tumor cells (Fig. 13) and some degenerative changes were
characteristic of this strain. When connective tissue growth was
massive the microscopic picture resembled scirrhous carcinoma
(Fig. 14). Calcification and ossification of stroma was common
in older tumors (Fig. 15). In one animal of the fifth passage a
well differentiated fibrosarcoma replaced the tumor (Fig. 16).
This was readily transplantable.

One tumor in the first passage showed a typical luteoma and
upon subpassages a pure luteoma line was secured (Fig. 17).
A third line yielded a fibrotic tubular adenoma. Thus, this
strain was divided in three lines of which the granulosa and
luteoma lines were carried for several generations; the adeno-
ma line was lost. .

Some secondary changes in granulosa tumor-bearing mice
included: massive atrophy of testes (Fig. 18), of ovary (Fig. 19),
feminization of the kidney (Fig. 21), and of the submaxillary
gland (Fig. 20). Sections of kidneys frequently showed an ad-
vanced necrosis of proximal tubules.

Transplantation and biological behavior:—The
granulosa line of this strain showed a fluctuation in
the per cent of takes. The highest ratio of takes
(around 65 per cent) was in the fourth, fifth, and
sixth subpassages and the average somewhat be-
low 50 per cent in both sexes. The pre-irradiation
had no significant effect. All of the gonadectomized

- males but only 38 per cent of the females devel-
oped tumors (Table 1).

The luteoma line had a higher percentage of
takes than the granulosa line, (about 91 per cent)
and was equal in males and females.

The latent period of the granulosa line de-
creased during the subpassages from 81 days to 17
days, the longest was 138 days. The growth rate
did not significantly change during the subpas-
sages; the tumors reached a dimension of about
33 X 20 mm. in 2} months.

The granulosa tumors were malignant. Twelve
lung, 5 liver, 6 intraperitoneal, 1 splenic, and 1
ovarian metastases were noted. Two subcutaneous
tumors penetrated into the abdominal cavity.
Massive hemorrhages were common. Thus 7 cases
of intraperitoneal, 1 intrathoracic, 1 intrasplenic,
1 intrahepatic, and 1 intraadrenal hemorrhages
were recorded. Four mice had generalized edema,
one with ascites. Anemia and splenomegaly were

present in most of the granulosa tumor-bearing
animals.

The luteoma line had an average latent period of
42 days, the shortest being 16, the longest 74 days.

Estrogenic changes were recorded in only 15 of
33 granulosa tumor-bearing females and in 2 of 6
gonadectomized females. Of 25 normal males, 19
were recorded as exhibiting estrogenic changes
while 2 gonadectomized males did not show them.

Congestive changes were recorded in 19 of 25
normal and in 5 of 6 gonadectomized females. The
ratio of congestive changes was 18/25 in normal
and 2/2 in gonadectomized animals. Thus, there
was no marked difference between males and fe-
males and normal and castrated recipients.

Strain IV: Granulosa, Adenoma, and
Endothelioma Lines

The original animal received 800 r when 41 days old. Sixteen
months later a laparotomy was performed and a piece from
each ovarian tumor was transplanted separately.

The left ovarian tumor was of the granulosa cell type with
areas of massive type of growth, cords (Fig. 28), and follicle-
like structures surrounded by ‘‘oat-shaped’ cells. In a narrow
area germinal epithelial tubules were seen with a stroma of
spindle-shaped cells. The right ovary had a tubular adenoma
with few granulosa cells among the tubules.

During the subpassages of this tumor, granulosa cells
gained an upper hand in one line. Granulosa cells were seen in-
side the basement membrane of tubules as well as in spaces
among them as shown in Figure 44. These differentiated into
“anovular” follicles (Fig. 28) or the secondary proliferation
products of germinal epithelium of Brambell and Parkes (5).
Transfers from this line were unsuccessful.

The passages from the left ovarian tumor invariably gave
granulosa cell tumors with areas of trabecular and follicular ar-
rangements. Mixed with typical granulosa cells were encoun-
tered elongated cells with scanty cytoplasm and an “oat-
shaped” nucleus, rich in chromatin (Fig. 26). These are fre-
quently referred to as theca cells. They formed bundles along
vessels and around follicular structures. In places they outgrew
the spherical granulosa cells. The presence of the two types of
cells with carcino-sarcoma-like appearance was characteristic
of this line. Accumulations of fatty material with formation of
lutein-like cells are shown in Figures 24 and 25. A tubular aden-
oma line as illustrated in Figure 27 soon vanished in the
course of subpassages.

Several tumors had capillaries with cavernous dilatation.
The tumor cells among them appeared to vanish. Thrombi had
formed in these capillaries. In some tumors connective tissue
overgrew the tumor cells among the capillaries; in others an ac-
tiveproliferation of endothelial cellsappeared totake place. This
was carried on as a pure line believed to be either a chorio-
epithelioma or hemangio-endothelioma (Fig. 29). Accepting
the majority opinion of specialists and because of lack of hor-
monal production, we are considering it as an endothelioma. It
will be described separately with other endotheliomas (1).

Transplantation and biological behavior:—The
granulosa line of this strain had at first a higher
per cent of takes: in the first passage 57 per cent in
males, 83 per cent in females; in the next passage
91 per cent in males and 100 per cent in females.
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Figs. 18 to 17.—Strain III.

Fic. 18.—Degenerative changes with elongation and sepa-
ration of cells probably by some secretion product. Sixth sub-
passage. X 400. .

F1a. 14.—Connective tissue overgrowths; resemblance to
scirrhous carcinoma. Third subpassage. X 220.

Fi6. 15.—Beginning ossification of stroma. Fifth subpas-
sage. X 80.

Fig. 16.—A well-differentiated fibrosarcoma replacing the
tumor. Fifth subpassage. X 280.

Fig. 17.—Luteoma line appearing in the first subpassage.
X 500.
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Figs. 18 to 22.—Strain III. Secondary changes in tumor-
bearing mice.

Fic. 18.—Marked atrophy of testis. Sixth subpassage.
X 360.

Fie. 19.—Marked atrophy of ovary. Seventh subpassage.
X 250.

Fre. 20.—Effect on submaxillary gland of a male mouse;
collapsed tubules with expansion of acini. Sixth subpassage.
X 80.

Fig. 21.—Feminization of parietal layer of Bowman’s eap-
sule of a male mouse. Fourth subpassage. X 150.

F1c. 22.—Necrosis of proximal tubules, male mouse. Fifth
subpassage. X 400.
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Figs. 23 to 29.—Strain IV.

Fie. 28.—Solid granulosa growth. Original tumor. X 280.

Fic. 24.—*Fattened” granulosa cells; suggestive of early
partial luteinization. Second subpassage. X 300.

Fie. 25.—Luteinization of granulosa cells. Fourth subpas-
sage. X 300.

F16. 26.—Sarcoma-like forms of granulosa cells. Third sub-

passage. X 400.

Fig. 27.—Tubular adenoma line. Second subpassage.
X 150.

Fie. 28.—Complex anovular granulosa follicle, tubular
adenoma, and spindle cells. First subpassage. X 800.

Fig. 29.—Endothelioma lire with chorio-epithelioma-like -

areas. Third subpassage. X 150.
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This dropped in the subsequent subpassage to 30
per cent for males and 22 per cent for females.

Pre-irradiation did not significantly influence
the success of inoculations. The tubular adenoma
grafts were successful in but a small per cent of
animals.

The latent period in the granulosa line was
about 66 days. The growth rate of granulosa tu-
mors was very slow, the tumors reaching about
3 X 2 mm. in 1 month. Nevertheless, they were
malignant: 2 penetrated into the abdominal cavi-
ty, 1 metastasized to lung, and 9 from spleen to
liver. Several tumors regressed in the third sub-
passage. The growth rate of the tubular adenoma
was also slow, the tumors reaching about 9 X 6
mm. in 11 months.

The hormonal activity of this strain was slight,
only two gonadectomized females exhibiting estro-
genic changes. No congestive changes were ob-
served.

Strain V: Granulosa Type

The original animal was irradiated with 800 r when 41 days
old. Sixteen months later a grey tumor 6 mm. in diameter re-
placed the right ovary. This was transplanted. The left ovary
was 2 mm. in diameter and yellow. No hyperplasia of uterine
horns was observed. The mammary glands were atrophic.

The original tumor showed a mixed composition, the major
parts being of granulosa type, the remaining a tubular adeno-
ma. The granulosa cells formed follicles and tubules, in some
of the latter the lining cells were partly granulosa and partly
germinal epithelium.

The left ovary was a tubular adenoma with ciliated epithe-
lium, pigmented (ceroid) cells, and a small number of granulosa
cells or ovariocytes (21) among the tubules. The uterine horn
showed a slight cystic hyperplasia.

In the first subpassage the tumor showed a massive type of
granulosa growth (Fig. 81). In many places the cells formed
rows, in others follicular structures (Fig. 80), with an eosino-
philic substance in some. Ossification was seen in the stroma
(Fig. 84).

In the subsequent subpassages the chromatin arrangement
in nuclei changed from granular chromatin structure into a
more homogeneous chromatin arrangement with slight con-
densation in the juxta-membranous parts of the nucleus (Fig.
83). Cavernous dilatation of the capillaries was characteristic.
In the third subpassage granulosa cells of a sarcomatous type
were seen in some recipients. In others, the insular form of
Varangot (22), namely large islands of tumor cells surrounded
by connective tissue, have been observed. In many tumors the
nuclei resembled those of the germinal epithelium (Fig. 81).
In the sixth subpassage, microfollicular formations (Varangot)
and spaces resembling Call-Exner bodies were seen. In the
tenth and later subpassages ‘“‘oat-shaped’ cells were numerous.
In some recipients of the twelfth subpassage some tumor cells
were detached and resembled histiocytes and plasma cells.

In a second granulosa cell line of this strain, the granulgsa
cells formed trabecular structures separated with wide con-
nective tissue septa. The cells tended to form rows as in the
““moire-silk’’ pattern of Varangot (Fig. 32) and papillary pro-
liferations of somewhat cylindrical cells. Extensive bone forma-
tions were seen in the stroma of some recipients (Fig. 34).
These tumors were stone hard and it was surprising to note on

microscopic examination “healthy’” tumor cells side by side
with ‘“healthy”” bone (Fig. 34).

In the sections stained with Sudan III, the cells in fibrotic
areas and those with pyknotic nuclei were heavily laden with
fat. The “healthy” cells did not contain fat, not even discrete
droplets. In the line with “‘moire-silk’ pattern, some recipients
showed a luteinization of the granulosa cells.

Estrogenic changes were the rule. Some of these as illus-
trated in Figures 18 to 22, have already been mentioned. Fig-
ure 35 shows a marked atrophy of the ovary with hyaline
masses marking the site of the ova.

Transplantation and biological behavior:—The
males were slightly more susceptible than the fe-
males (39 per cent and 31 per cent). Gonadectomy
seemed to increase the “takes” in males (47 per
cent) and decrease them in females (24 per cent).

The latent periods fluctuated between 66 days
and 8 days and the growth rates roughly paral-
leled the latent periods. These are extreme values:
one tumor reached 16 X 12 mm. in 5 months and
another 32 X 13 mm. in 2 weeks. The average
growth rate of intrasplenic tumors was about
18 X 17 mm. in 1 month. The intraocular tumors
filled the anterior chamber in 2 or 3 weeks. The
intrahepatic tumors had a growth rate of about
21 X 16 mm. in 6 weeks.

The tumors were malignant. Two were recorded
to have penetrated the abdominal wall, 8 to have
lung metastases (one from an intrahepatic, the
others from subcutaneous tumors). In 27 mice,
liver metastases were seen, all of which had come
from splenic grafts. In 18, abdominal hemorrhages
were seen, 11 of which had intrasplenic grafts and
38 intrahepatic tumors.

In 4 mice, the tumor particles were injected in-
trasplenically but at death no tumors were found
in the spleen, instead, large tumor masses were
present in the liver.

Estrogenic effect was recorded in 19 per cent of
the 102 positive normal females and in 32 per cent
of positive gonadectomized females; in 31 per cent
of normal males and 6 per cent of gonadectomized
males. The intrasplenic tumors had estrogenic
changes only in the presence of perisplenic adhe-
sions or liver metastases with few exceptions, while
mice with splenic tumors usually had congestive
changes.

Congestive changes were noted in 25 per cent
of the positive normal females, in 17 per cent of 41
gonadectomized females and in 23 of the normal
males and 19 per cent of gonadectomized males.
Intraocular tumors did not have any secondary
manifestations.

The following routes of transplantation proved
more successful than the conventional subcutane-
ous route. Intraocular grafts gave 89 per cent
takes in females, 45 per cent in males. Intrahepatic
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Figs. 80 to 85.—Strain V. Fig. 88.—Solid growth; nuclear pattern resembles that of
Fie. 30.—Pulmonary metastasis reproducing the folliculoid the germinal epithelium and does not show the chromatin ar-
pattern. Third subpassage. X 300. rangement of typical granulosa cells. Third subpassage. X 850.

Fia. 81.—Solid, poorly differentiated growth but still having FiG. 834.—Bone formation in the stroma: Third subpassage.
the characteristic granulosa pattern. Third subpassage. X 400. X 250.

Fig. 82.—Formation of rows, ‘“moire-silk” pattern. First Fig. 85.—Atrophy of the ovary with hyaline remnants of
subpassage. X 250. the ova. Fifth subpassage. X 150.
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and intrasplenic routes (55 to 78 per cent, Table
1). Very recently intramuscular grafts made in as-
sociation with Dr. R. G. Gottschalk have yielded
a high per cent of takes. This is the oldest strain
carried in our laboratory. Now after 4 years of
passages it grows rapidly and its appearance in
sections is that of an anaplastic carcinoma, in
places suggestive of reticulum-cell sarcoma. It
grows rapidly, reaching 1 to 2 cm. in about 2
weeks, yet it produces both estrogenic and con-
gestive changes.

Strain VI: Granulosa, Adenoma, Fibro-
sarcoma Lines

The original animal was irradiated with 175 r when 46 days
old. Seventeen months later a yellow-grey firm spherical tumor
6 mm. in diameter was found at the site of one ovary. This was
composed of closely packed germinal epithelial tubules; the
lining epithelium had a large lightly stained nucleus with very
fine chromatin granules and one or two nucleoli (Figs. 36 and
38). This type of nucleus is characteristic of the nuclei of active
germinal epithelium seen in the mouse embryo. Among the
tubules, small clumps of granulosa cells were seen, which in
some places formed small follicles (Fig. 89).

In the first passage, some recipients showed an increment of
granulosa cells which formed cords and follicular structures
(Fig. 87). Luteinization was observed in some granulosa cells
(Fig. 36). Connective tissue increment was observed in some
tumors. In the passages some recipients developed a massive
pure granulosa cell tumor while the others had the complex
tumors with mere increment in granulosa cells, fattening and
luteinization of these cells, and a slight increment in “oat-
shaped” cells.

In the 2 recipients of this first subpassage, a sarcoma de-
veloped in the stroma (Figs. 39 and 40). The connective tissue
stroma was marked in the donor of one of these sarcomas and it
is probable that this had an inapparent sarcoma. In the second
subpassage, a granulosa cell line continued as a pure line. In
some sections numerous variations were observed in the germi-
nal epithelial tubules such as ramifying forms and papillary
proliferations; the lining cells varied from tall to flat endothe-
lium-like cells.

Transplantation and biological behavior:—The
subcutaneous transplantation of granulosa cell
tumors was unsuccessful in normal mice. Gonad-
ectomy enhanced transplantability of both granu-
losa and tubular adenoma lines. The latter was un-
successful in normal females and successful in only
8 per cent of normal males, while it gave 79 per
cent to 100 per cent takes in gonadectomized ani-
mals. Irradiation also enhanced susceptibility
(Table 1).

The incubation period averaged 83 days in the
first passage. This increased to an average of 105
days in the tubular adenoma line and decreased to
20 days in the granulosa line.

The tumors gave no evidence of malignancy.
Six of the 11 gonadectomized females showed hor-
monal changes; thése had subcutaneous tubular
adenomas overgrown by granulosa cells. Conges-

tive changes were noted in 2 of 5 gonadectomized
males with granulosa cells in the tumors.

Strain VII: Adenoma Type

The original animal was irradiated with 175 r when 35 days
old. Seventeen months later a laparotomy was performed. A
grey-yellow tumor replacing the left ovary was removed and
implanted subcutaneously in the host and other animals. The
uterus and breasts of the host were hyperplastic. Two months
later the animal died, and a tumor was found at the site of
implantation. This was a tubular adenoma with markedly pro-
liferated stroma and fattened cells in the intertubular spaces
as in Figure 41. The first passage gave tubular adenomas with
an abundance of granulosa cells forming nest and tubular struc-
tures which in places resembled very closely testis tubules (Fig.
42). The granulosa cells showed fattening in many tumors
(Fig. 41). In this passage only the subcutaneous tumor in the
donor was of the granulosa type. Many cells underwent a
“brown degeneration’ which is due to deposits of some acid-
fast lipoid (ceroid) in the cytoplasm (10).

In subsequent passages the granulosa cells were more abun-
dant. They formed nests, cords, and follicular structures, many
fattened and luteinized.

Transplantation and biological behavior:—The
subcutaneous injections remarkably failed in 31
normal mice with one exception but were fairly
successful in gonadectomized mice. The latent
period ranged between 109 and 312 days. The
growth rate was also slow, tumors reaching about
18 X 9 mm. in 17 months in the first and second
subpassage.

Four gonadectomized females had secondary
hormonal changes and in none were congestive
changes observed.

Strain VIII: Predominantly Adenoma Type

The original animal received 175 r at 38 days of age. Seven-
teen months later the ovaries were yellow, 5 X 3 mm. each.
The left ovary had a small cyst; the uterine horns were
atrophic.

The first passage gave a tubular adenoma partly overgrown
by granulosa cells. In subpassages the granulosa cell masses
among the tubules differentiated into cords and follicles in some
recipients while in others they showed fattening and degenera-
tive changes. Some had areas of fibrosis.

Transplantations were moderately successful (Table 1). The
latent period was about 2 months. The growth rate was very
slow, the tumors reaching about 10 X 8 mm. in 24 months in
the first passage and 6 X 5 mm. in 19 months in the next pas-
sage. No invasion or metastasis was seen. Only one gonadecto-
mized female showed hormonal changes. This had a tubular
adenoma overgrown by granulosa cells. Congestive changes
were absent.

Strain IX: Luteoma Type
A pure luteoma has been described (9). It is still being kept
in the laboratory. Its hormonal effects are not as marked as
years ago. A report on its ability to raise the blood volume very
slightly and increase considerably the red cell level will be
published (14).

Strain X: Adenoma-Granulosa Type

The original animal was irradiated with 175 r at 40 days of
age. Seventeen months later a laparotomy was performed. The
small tumor of the right ovary used for transfer was a tubular
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. Figs. 36 to 40.—Strain VI.
Fic. 86.—Tubular adenoma with partially luteinized
stroma cells. First subpassage. X 250.
FiG. 87.—Complex tumor with granulosa cells predominat-
ing. Anovular follicles. First subpassage. X 100.
FiG. 88.—A field, representative of this section, predomi-

nantly a tubular adenoma. Third subpassage. X 180.

F1G. 39.—The granulosa tumor is invaded by fibrosarcoma
arising in the stroma. First subpassage. X 250.

Fi6. 40.—Higher magnification of a sarcomatous area in the
above tumor. Third subpassage. X 800.
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adenoma with few granulosa follicles and many ceroid cells
among them (Fig. 45). The uterus was hyperplastic.

In the first passage one recipient showed a preponderance
of granulosa cells while others showed predominantly tubules of
germinal epithelium type. The subpassage made from the lat-
ter gave tumors in which the granulosa cells formed the main
structure. A second subpassage was unsuccessful. Figure 44
shows convincingly the origin of granulosa cells in tubules of
the germinal epithelium.

Transplantation and biological behavior:—This
was a poorly transplantable strain, successful in
normal males only. After ovariectomy, however,
subcutaneous transplantations were highly suc-
cessful in females.

The long latent periods, 111 days in the first
passage, 630 days in the subpassage, are note-
worthy. The growth rate paralleled roughly the la-
tent period. No invasiveness or metastasis was
seen. Three gonadectomized females showed the
hormonal changes but all three had adrenal corti-
cal nodules (23). All three had tubular adenomas
overgrown by granulosa cells. No congestive
changes were seen.

Strain XI: Luteinizing Granulosa Type

The original animal was irradiated with 175 r when 47 days
old, painted twice with methylcholanthrene, and killed 14
months after irradiation. The right ovary was replaced by a
yellow tumor with grey and red areas measuring 25 X 12 X
10 mm. The left ovary was 2 X 8 mm. The uterine horns were
slightly thickened.

The complex tumor was composed predominantly of lutein
cells with finely vacuolated cytoplasm; among large islands of
lutein cells an arborization of capillaries was seen. Germinal
epithelial tubules and strands of fibroblasts were along the
vessels. In the center of the lutein islands were masses of granu-
losa cells. The border between granulosa and luteoma areas
was indistinct; in this zone of transition the granulosa cells ac-
quired a larger and finely vacuolar cytoplasm, while retaining
at first the characteristic coarse stippled nuclei. In the adjacent
zone the cells acquired the characteristic vesicular nucleus of
the luteoma cell with finely dispersed chromatin particles and
one nucleolus.

The uterus and the vagina showed effects of luteinization:
elongation of uterine horn with hyperplastic narrow glands, and
" mucification of vagina.

The small ovary of this host showed a tubular adenoma with
many granulosa cells and masses of ceroid cells among them.

In the first passage most tumors had both granulosa and
luteoma cells (Fig. 47). In subpassages some of the tumors
were of pure granulosa cell type, others showed exclusively
lutein cells; in others granulosa cells were “‘oat-shaped” and
cytoplasm scanty (Fig. 46). They exhibited ability to form
follicular structures.

In the second subpassage a hemangioma developed in one
of the recipients which is still being carried as an independent
line (1). Mixed types of tumors also persisted in some of the
subpassages.

Transplantation and biological behavior:—The
mixed luteoma and granulosa lines were more
readily transplantable in males than in females.
The latent period increased from 62 days in the
first passage to 167 days in the subpassage and

later declined slightly. The growth rate paralleled
roughly the latent period. Two tumors penetrated
into the abdominal cavity. Ten of 20 normal fe-
males and 6 of 29 normal males showed hormonal
changes. Only the original animal had the second-
ary changes of both luteoma and ganulosa cells,
the others showed only the lutein cell influence
such as adrenal cortical atrophy and obesity (9).
The pure granulosa cell tumors did not show hor-
monal changes.

Strain XIII: Adenoma, Granulosa,
Fibrosarcoma Lines

The original animal received 175 r when 40 days old and
was painted twice with methylcholanthrene (7). When killed
16 months later a 1 cm. tumor replaced the right ovary; the
left ovary was atrophic. The uterine horn was hyperplastic
with a polypoid mass in one horn. The mammary gland showed
hyperplasia of the ducts.

The small left ovary contained a tubular adenoma with in-
tertubular granulosa cells that were fattened in some areas.
There were also areas of luteinized and ceroid cells.

The right ovarian tumor had a follicular arrangement of
granulosa cells with a basement membrane and dense papillary
ingrowths (Fig. 48). In the first passage of this tumor the
tendency to papillary formations was even more conspicuous.
In some recipients there was cystic enlargement of the granu-
losa nodules, thus taking the shape of a mature follicle. In the
first subpassage such formations closely resembling Graafian
follicles were numerous. In some recipients, the granulosa cells
formed a reticular structure, in others they closely resembled
tubular adenoma, but retained the coarse stippled nuclei of
granulosa cells. A metastatic well-differentiated folliculoma is
shown in Figure 49.

In still other cell recipients a sarcoma developed. Although
they were discovered in seemingly pure granulosa cell tumors,
we believe the latter contained sarcoma cells. At first the sar-
coma had an irregular structure with large hyperchromatic
nuclei and many giant and undifferentiated round cells (Fig.
50). In later passages the cells assumed the form of a more
mature fibrosarcoma.

Transplantation and biological behavior—There
was no marked difference in susceptibility between
males and females in the different lines (25 to 39
per cent). Intraocular implantations were unsuc-
cessful. The latent period was 260 days in the first
and 143 days in the subpassage. With the appear-
ance of the sarcoma in the second subpassage the
latent period dropped to 37 daysand to 7 daysinthe
third subpassage, in which the tumors were purely
sarcomatous. The growth rate paralleled the la-
tent period. The tumor measured about 8 X 7
mm. in 12 months in the first passage and 20 X 18
mm. in 1 month in the subpassage, and it did not
change thereafter. )

The tumors of specialized ovarian parenchyma
showed but little invasiveness while the sarcomas
had a great tendency to penetrate into the abdomi-
nal cavity.

Of 4 females that had tubular adenoma com-
bined with granulosa tumors, one showed second-
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Fi16. 41.—(Strain VII) Complex tumor. Few adenomatous
tubules; small follicles of granulosa cells; many are “fattened,”
others changed into ceroid cells. First subpassage. X 250.

Fic. 42.—Tubular structures reminiscent of male (Wolffian)
structures in a complex tumor of Strain VII. X 250.

Fi1G. 48.—Tubule formation in a granulosa tumor of Strain
XIV. The cytoplasm is fibrillary, those of two rows of cells ap-
pear connected; the structure resembles testis tubules. First sub-
passage. X 660.
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Fic. 45.—Predominantly tubular adenoma. Ceroid cells in

right lower corner. The muscular wall of the uterine horn on the

FiGs. 44 and 45.—Strain X.

Fic. 44
of germinal epithelial tubules into granulosa follicle, both with-

in the same basal membrane. First subpassage. X 850.

upper part of the field is invaded by the adenoma. Original

tumor. X 200,

.—Two convoluted tubules. Apparent differentiation



Fics. 46 and 47.—Strain XI.

Fias. 48 to 50.—Strain XIII.

FiG. 46.—Granulosa tumor with “oat-shaped”” cells. These
resemble those of the stroma but unlike the latter tend to form
circumscribed areas some of which are reminiscent of follicles;
the stroma cells form bundles but no circumscribed masses.
First subpassage. X 200.

Fig. 47.—Junction line between large areas of well-differen-

tiated luteoma and granulosa growths. Second subpassage.
X 250.

Fig. 48.—Well-differentiated follicular growth of the origi-
nal tumor XIII. X 250.

Fig. 49.—Pulmonary metastasis with reproduction of the
follicular pattern. First subpassage. X 100.

F1G. 50.—An undifferentiated sarcoma in the third passage
of a granulosa line. X 250.
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ary hormonal changes; none had congestive
changes.
Strain XIV: Granulosa Type

The original animal was irradiated with 87 r when 47 days
old. When killed 29 months later a 12 mm. sized grey-pink
spherical tumor was found to replace the right ovary and the
left ovary was occupied by a yellow-grey growth 6 mm. across.
The uterus was 4 mm. thick and cystic. The animal had also a
generalized myeloid leukemia. The breast was hyperplastic
and of lactating type.

In the first passage pure granulosa cell tumors were obtained
with few unusual formations. The cells formed undifferentiated
masses, follicular and occasionally tubular structures. The lat-
ter were lined with a single layer of cylindrical cells; some of
these cells had a tall cytoplasm with a fibrillary structure
toward the lumen (Fig. 43). Some tumors showed an abundant
stroma which in some areas contained an intercellular sub-
stance with characteristics of mucin. In some sections the theca
externa type of cells were numerous. In the second subpassage
the same forms persisted and in addition ‘‘moire-silk” pattern
was seen in some masses. These forms persisted in the subse-
quent passages one or the other structure being predominant.

Transplantation and biological behavior:—Go-
nadectomy increased transplantability. No signifi-
cant difference was observed between normal fe-
males and males. The latent periods showed but
" slight differences. The growth rate fluctuated
slightly, the tumor reaching about 22 X 14 mm.
in 13 months. In one line the growth rate tended to
increase; in another to decrease. No invasion or
metastasis were observed.

Estrogenic changes were recorded in 7 of 10
gonadectomized, and in all 5 normal females, and
in 8 of 9 normal males. One of 5 normal females,
and 3 of 10 gonadectomized females, and 2 of 9
normal males showed congestive changes.

Strain XV: Predominantly Tubular
Adenoma Type

The original animal received 175 r when 40 days old and was
killed 28 months later. She had bilateral ovarian tumors and
the pituitary was about 10 times the normal size. The right
ovarian tumor was composed of germinal epithelial tubules
containing papillary proliferations with a moderate number of
granulosa cells. In the left ovarian tumor granulosa cells had
overgrown the tubules.

In the first passage the derivatives of the left ovarian tumor
resembled the original tumor. One tumor was locally invasive.
Derivatives of the right ovarian tumor were granulosa cells

with few tubules. The intrasplenic tumors had the same histo-
logical appearance as the subcutaneous tumors.

Transplantation and biological behavior:—The
subcutaneous injections were more successful in
normal males (17 per cent) than in females (4 per
cent). Intrasplenic injections were positive in all
of 4 males and females. The latent period was 144
days in the first passage and 229 in the subpassage.
The growth rate was constant at about 14 X 11
mm. in 4 months. The tumors were not invasive
and did not metastasize. Only one of the subcuta-
neously injected normal females with granulosa

tumor showed hormonal manifestations. No con-
gestive changes were seen. The intrasplenic tu-
mors showed neither hormonal nor congestive

changes.
Strain XVI: Adenoma Type

The original animal received 850 r when 40 days old. Twen-
ty-three months later a laparotomy was performed and a 25 X
18 mm. sized yellow tumor replacing the right ovary was re-
moved. The uterine horn was normal. When killed the animal
had several hepatomas. The ovarian tumor was a tubular
adenoma of germinal epithelium type. Strands of similar cells
were also seen along some tubules with suggestive changes into
granulosa type. In some areas granulosa cells formed follicles.
Large cysts full of blood were present. In the first passage the
granulosa cells overgrew the tubular adenoma.

Transplantation and biological behavior:—The
implantations were moderately successful in nor-
mal males (16 per cent) and unsuccessful in females.

The latent period was 51 days in the first pas-
sage and 73 days in the subpassage. The tumors
were not invasive or metastasizing. In the first
subpassage one of 4 positive males had both hor-
monal and congestive changes.

Strain XVII: Adenoma and Luteoma Lines

The original animal received 87 r when 83 days old. Twenty-
nine months latenthe right ovary was replaced by a spongy tu-
mor 2.5 X 2 X 1.8 cm. in size, and the left ovary by a grey
firm tumor. The uterine horns were elongated, thickened, and
cystic. Both tumors were transferred separately.

The left ovary had a tubular adenoma with papillary
growths in the lumina and many cells with fine stippled nuclei
among the tubules. The right ovarian tumor was composed of
lutein cells with extremely dilated capillaries. The uterine horn
had long and tortuous glands with scanty stroma.

In passages the tumors originating from the left ovary re-
tained the original structure. The papillary growths and granu-
losa cells were slightly more numerous in some tumors; in
others the granulosa cells were fattened.

The tumors originating from the right ovarian tumor were
exclusively luteomas rich in mast cells.

The tubular adenoma line of this strain had a fair ratio of
takes in males (26 per cent) and none in females. The luteoma
line could also be transplanted with greater success in males
than in females. .

The latent period did not change significantly through the
passages (about 118 to 125 days). The growth rate dropped
from 22 X 12.7 mm. in 7 months in the first passage, to 5 X §
mm. in 9 months in the first subpassage.

The tumors did not show any invasiveness and had no me-
tastasis. No hormonal or congestive changes were observed.

Strain XVIII: Adenoma, Hemangioma, Reticulum
Cell Sarcoma Lines

The original animal was irradiated with 350 r at 33 days of
age and killed 17 months later. The right ovary was replaced
by a yellow tumor 10 X 5 mm. which was used for transfer.
The part sectioned showed a tubular adenoma with granulosa
cells forming masses and cords of ceroid cells among them. A
growth at the site of the left ovary was composed mainly of
reticulum cells.

The first passage gave a reticulum cell sarcoma in one re-
cipient and a tubular adenoma in the other. In the latter granu-
losa cells among the tubules formed follicles. A third tumor in
this passage was a hemangioma.
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Transplantation and biological behavior:—
Transplantations were fairly successful only in
ovariectomized mice. The latent period decreased
from 204 days in the first passage to 94 days in the
subpassage. Several tumors regressed in the sub-
passages. No invasion or metastases were noted.
One of the 8 gonadectomized females with an
adenoma rich in granulosa cells showed estrogenic
changes; none had congestive changes.

DISCUSSION

Multiplicity of ovarian neoplasms induced by
z-rays:—The first fact that emerges from these
studies is the multiplicity of neoplasms that devel-
op in the irradiated ovaries and the constancy with
which they develop (7). Although serial sections
were not made and the bulk of the tumors was
often used for transfers, there is ample evidence
indicating that most ovarian growths are complex
containing at least three elements: tubular adeno-
ma, granulosa, and luteoma of which sooner or
later one type tends to overgrow the other. Using
grossly separable pure fragments for transfer these
neoplasms can be established as pure types.

In addition, sarcomas and endotheliomas may
develop in the stroma (1). Many angiomas have
doubtless been dismissed as mere telangiectasias
because our interest was focused on hormone-pro-
ducing cells.

Thus, five types of neoplasms seem to develop in
x-rayed ovaries: 1) Tubular adenoma, a product of
the germinal epithelium; 2) Granulosa cell tumors
which we believe to be their derivatives; 8) Lute-
omas, the derivatives of granulosa cells; 4) Sarc-
omas; and 5) Angiomas and endotheliomas.
Transformation of 1) into 2) and of 2) into 3), once
established, seems irreversible.

Transplantations as performed require masses
of cells and are influenced by so many variables
that they do not directly indicate which of the cell
masses transplanted are neoplastic and if so of
what grade, conditionally neoplastic or normal.
But those that were transplanted in series and
grew progressively in normal hosts can be regarded
as neoplastic.

Origin and interrelationship of the different in-
duced neoplasms:—After a few passages the granu-
losa cell tumors and luteomas became pure lines
and did not change in the course of many subpas-
sages. In morphological appearance the granulosa
cell tumors manifested about all variations de-
scribed in human tumors (8, 22). The various
strains possessed individual features as is the rule
with neoplasms. The luteomas on the contrary
were monotonously alike exhibiting only minor

morphologic variations. They were characteristi-
cally rich in mast cells (2).

The tubular adenomas resulted from down-
growth of germinal epithelium and there were
many intermediate forms between germinal epi-
thelium and tubule formations. Morphological ob-
servations suggest that the germinal epithelial cells
lining the tubules and cell masses among them can
turn into granulosa cells. Consequently tubular
adenomas are frequently overgrown by function-
ing granulosa cells. Nevertheless, tubular adeno-
mas were transplantable as such and none carried
in subpassages ended up as a pure, readily graft-
able granulosa tumor. This requires clarification.

No morphological evidence has been encoun-
tered, suggesting that the granulosa or lutein cells
originate from the ovarian stroma cell (ovario-
cyte). In the irradiated ovaries, the ovarian stroma
does not seem to give rise to secreting neoplasms.
The character of the theca cell and the concept of
embryonal multipotent character of the ovarian
stroma cell requires reconsideration. In the histo-
genesis of ovarian tumors they appear to play a
minor role, but the subject is highly controversial
(18, 18, 21, 22).

The transformation of one cell type into another
with acquisition of hormone production (germinal
epithelium into granulosa) or change of type of
hormone produced (progestin in place of estrogen)
is a profound modification that appears irrevers-
ible, thus differing from common metaplasia.
While transitional forms are abundant in the ma-
terial here analyzed, once a tumor differentiated it
remained true to type.

The lutein cell transformation is frequently con-
fused with mere deposition of fatty material in the
cytoplasm of granulosa cells also called luteiniza-
tion. Granulosa tumors so affected are more cor-
rectly named “folliculome lipidique.” The nuclei
of these cells have the typical granulosa pattern
and their cytoplasms are not those of acidophilic,
sudan negative lutein cells. The cytogenetics and
histochemistry of this transformation deserves
further study. Evidence strongly suggestive of
transformation of perhaps already neoplastic gran-
ulosa cells into lutein cells was seen only in
Strain XI.

All strains that began as tubular adenomas were
sooner or later overgrown by granulosa cells. Al-
though the tubules may have been subjected to
pressure by the surrounding granulosa cells they
showed no degenerative changes. It is possible that
undifferentiated stromal ovariocytes have differen-
tiated into granulosa cells or the granulosa cells
may have overgrown the tubular epithelium, or
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the tubular cells may have been transformed into
granulosa cells. Actually there were masses and
anovular follicles of granulosa cells between the
epithelial cells within the basement membrane of
the tubules as illustrated. Some lining epithelial
cells of such tubules were of the granulosa type;
others were of germinal epithelium type. This
could be explained as invasion of the tubules by
granulosa cells. However cells of the granulosa
type could be found around small germinal epi-
thelium formations outside the ovarian tissue,
where an ovarian origin is unlikely. Conversion of
the tubular adenoma into a granulosa cell tumor
was also noted by Li and Gardner (18). This is a
field in which morphologists studying the same
situations have arrived at opposing view-points,
and clarification awaits further work with newer
techniques.

Fibrosarcomas originated in one granulosa and
in two mixed (tubular adenoma and granulosa)
strains. Two of the fibrosarcomas appeared in the
second generation and one in the sixth generation.
Hemangiomas occurred in two granulosa, one
luteoma, and one in a complex strain. One of the
hemangiomas appeared in the first passage, the
others in the fifth, third, and second passages.
After their appearance these tumors rapidly re-
placed the original structures. Two hemangioma
strains became increasingly malignant and ana-
plastic (1). The sarcomas on the other hand, al-
though equally malignant, developed more mature
features.

The available evidence suggests that these tu-
mors were already present in the original growth in
minute foci. Going back to a section of the original
tumor we actually saw them in one case. We
believe that these ‘“‘secondary’ tumors originated
from the stroma of irradiated ovaries and that the
respective cells carried with them potency of neo-
plastic proliferations through a few subpassages
of the carrier tumors as Cohnheim nests, until fa-
vorable conditions enabled them to form neo-
plasms of their own. The possibility that stroma
cells of transplanted tumors may undergo malig-
nant transformation should be considered.

Malignancy of induced tumors:—The x-ray in-
duced tumors have been compared with those that
arise in grafts of ovaries in spleen of castrated mice
(4, 12, 11, 16). Both seem to contain cells with a
wide range in character varying from those non-

NorMaL

Intra-

RECIPIENTS Subcut. splenic
/No. of mice 759 19
MaleslTakes, per cent 42 63
[No. of mice 694 19

Femalesl'l‘skes, per cent 85 32

neoplastic to those highly malignant. On the basis
of transplantability to normal hosts most x-ray in-
duced growths appear to be neoplastic in contrast
to those induced by the Biskind procedure, most
of which appear to be mere hyperplasias (10).

Many granulosa tumors and some luteomas
manifested malignant properties such as invasive-
ness and ability to metastasize. Metastasizing
granulosa cell tumors are rare in man. Some mouse
strains are more likely to metastasize than others.
Some had metastases in the original animal while
others manifested this potency only after a few
passages. Pre-irradiation and gonadectomy of the
host did not seem to influence the formation of
metastases. In microscopic appearance the metas-
tases were similar to the original tumor. The sites
of metastases of the subcutaneous tumors were (in
order of frequency) : lung, liver, kidney, and lymph
nodes. The latter were not often examined micro-
scopically. '

Metastases of intrasplenic tumors to the liver
were a common finding. In several instances he-
patic metastases appeared without a detectable
primary growth in the spleen. The impression is
gained that granulosa tumors metastasize by way
of the blood stream rather than the lymphatics.
Although all but one of the metastasizing tumors
were large, there is no direct evidence suggesting
that metastases are proportional to the size of the
tumor; neither do they seem to depend on the
growth rate or the duration of the tumors.

Factors influencing the success of transplantation:
—Difficulties at transplantation may be due in
part to genetic, in part to other factors that de-
serve a thorough analysis since they may disclose
forces that influence the genesis and the growth of
spontaneous tumors in general. Although both
donors and recipients were first generation hy-
brids of Rf/Ak mice, we are uncertain as to the
genetic homogeneity of donors and recipients. The
experiments lasted many years during which sev-
eral sublines were established and donors and re-
cipients came from varied sublines. The genetic
composition of both tumors and animals often
change with successive generations; in spite of
this, several important factors were identified.

Sex and hormonal influence.—Transplantation
of granulosa cell tumors is slightly more successful
in males than in females. The sum of transplanta-
tion results of seven granulosa strains is as follows:

GONADECTOMIZED Pre-
Intra- Intra- IRRADIATED
Subcut. splenic hepatic Subcut.
99 87 11 78
48 54 64 38
163 20 17 120
34 54 7 39
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More recent transplantations with Strain V
made in association with Dr. R. G. Gottschalk
have confirmed this trend.

The following summary of transplantation of
three luteoma strains shows a trend to some extent
the reverse of that of the granulosa tumors:

NormaL GONADECTOMIZED Pre-
Intra- Intra- IRRADIATED
RecrpienTs Subcut. splenic Subcut. splenic Subcut.
Males No. of mice 205 2 23 4 6
Takes, ger cent 44 50 39 25 33
No. of mice 116 2 18 9 8
Fem“”{'rakes, per cent 50 100 67 25 75

An unexpected observation is the marked in-
crease in the per cent of takes in grafting tubular
adenomas in gonadectomized mice as shown by the

following tabulation of nine strains in which the
cells were predominantly of this type:

SUBCUTANEOUS GRAFTS

RecrPiENTs Normal Gonadectomized Irradiated
No. of mice 157 21 12
Mal”{TaNkes, o]f)er cent 18.5 48 25
0. of mice 126 63 18
Females{ .k eq per cent 5.6 54 39

This is a combined tabulation of nine strains
(Table 1). Several of these strains could be grafted
in males only and gonadectomy greatly raised the
per cent of takes particularly in females (Table 1).
This observation suggests that these adenomas
may be inhibited by hormones of the gonads, par-
ticularly in females, or stimulated by excessive
amount of pituitary gonadotrophins. This working

ENDOTHELIOMA STRAIN

) . .1 2 [No. of mice
Iv. ChonO-eplth-'hkelT.kes, per cent

XI. Hemangioma type tumor{g.‘,’;;:sf, I:;fecent

It is possible though unlikely that strain IV was
actually a chorio-epithelioma and is therefore in-
fluenced by the endocrine state of the host. It is of
practical importance to know factors that marked-
ly influence the per cent of takes, such as gonadec-
tomy, irradiation, sex, and sites of implantation.
But for theoretical interpretation more data are
needed such as the effect of hypophysectomy and
of hypophyseal and other hormones, alone and
combined, on the transplantability of ovarian tu-
mors. Furthermore, data are needed on the spe-
cific relation of these factors to tumors of different
types.

Latent period and the growth rate:—Enormous
variations were encountered. The latent periods
were longest with tubular adenomas, averaging
207 days, while those of granulosa cell tumors were
80 days, and of luteomas 68 days. The longest la-
tent period was also encountered among the tubu-
lar adenomas (about 2 years) while that in granu-
losa lines was 260 days and in luteoma lines 167
days. The growth rates were also greater in the

hypothesis brings the adenomatous tumors of the
ovary in the group of those whose endocrine genesis
and control may be possible.

The endothelioma strain that resembled a (non-
secreting) chorio-epithelioma likewise grew better
in gonadectomized mice, while a typical endo-
thelioma did not:

SUBCUTANEOUS GRAFTS INTRASPLENIC

Normal Gonadect. Pre-irrad.  Gonadect.
104 21 9 9
31 71 33 100
108 8 14
31 75 0

granulosa and luteoma tumors than in tubular
adenoma.

Hormonal activity.—The observations concern-
ing hormonal activity were merely incidental to
this work and require a special study. All granu-
losa tumors and luteomas that have been studied
for some time have given evidence of stimulation
by estrogens or progestins respectively, while the
tubular adenomas appear inactive.

A unique feature of the granulosa tumors is their
ability to produce congestive changes with rise in
the blood volume. This is due to a hypothetical
substance, now named plethorin, which is directly
or indirectly related to granulosa cells.

The question arises whether or not the two
types of activities of granulosa cell tumors (estro-
genic and congestive) are bound to the same sub-
stance. Estrogenic activity of the tumors begins
earlier than the congestive change (Table 2). The
granulosa cells that have overgrown the tubular
adenomas had only estrogenic activity. The two
can occur independently (Table 3). The estrogenic
changes seem to come to a standstill when the tu-
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TABLE 2

THE RELATION BETWEEN TUMOR SIZE AND INTERNAL SECRETORY ACTIVITY
OF GRANULOSA TUMORS

TouMoRr s1ZE
STRAIN 14* 2+ S+ 44+
1 No. studied 9 10 21 58
No. with estrogen production 0 0 6 21
No. with plethorin production 1 2 11 40
II No. studied 1 10 12 %
No. with estrogen production 0 2 4 10
No. with plethorin production 0 2 2 11
III No. studied 1 8 20 87
No. with estrogen production 0 2 18 21
No. with plethorin production 0 0 17 29
IV No. studied 12 12 6 7
No. with estrogen production 1 0 0 ]
No. with plethorin production 0 0 0 0
V No. studied 18 15 22 45
No. with estrogen production 1 6 12 %
No. with plethorin production 0 4 10 24
VI No. studied 0 4 0 0
No. with estrogen production 0 1 0 0
No. with plethorin production 0 2 0 0
VIII No. studied 5 0 2 0
No. with estrogen production 0 0 0 0
No. with plethorin production 0 0 0 0
XIV No. studied 0 8 7 2 -
No. mth estrogen production 0 7 7 1
No. with plethorin production 0 1 8 1
Total no. studlecf 41 62 90 178
No. positive with estrogen production 2 18 42 79
No. positive with plenthorin production 1 11 43 1056
Per cent estrogen production 4.8 29.0 46.6 45.7
Per cent plethorin production 2.4 17.7 47 60.7

* Tumor Size: 14 = The two greater diameters less than 10 mm.
2+ = The two greater diameters each 10 to 20 mm.
8+ = One of the greater diameters is less, the other greater than 20 mm.
4+ = Both diameters greater than 20 mm.
The figures in Tables 2 and 8 include normal, dectomized and irradi “‘bocu'l'heomnastudledforutm'
mlc effects were: vagina, uterus, ovary, submmllary gland; testes and seminal For tion of congestive
s see text.
lﬁemsplemc tumors are included in Table 2 but not in Table 3. Intraocular tumors are not included.
The two mice of Strain VI that showed congestive changes only, were among the five mice with granulosa tumors
that have overgrown tubular adenomas, as was one mouse of Strain VII.

TABLE 8
RELATION BETWEEN ESTROGENIC AND CONGESTIVE CHANGES

NuMBER OF casEs

Changes
STRAIN Numser sTopiep  Estrogenic only Congestive only Both Neither
I 101 5 31 2 43
11 47 8 8 7 24
111 61 5 22 25 9
1V 63 12 5 24 42
\% 100 17 14 38 31
VI 4 1 2 0 1
VII 1 1 0 0 0
XIII 7 0 -0 0 7
X1V 2 14 0 6 2
Total 406 63 82 102 159
Per cent 15.5 20.2 23.1 86.7
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mors reach about 2 cm. in diameter whereas the
congestive changes progress. These findings sug-
gest that the two types of activities are independ-
ent of each other.

Another observation pointing in this direction
is that the estrogenic substance is inactivated in
the liver, whereas the congestive substance does
not seem to be affected by the liver:

SECRETORY ACTIVITY AFTER INTRASPLENIC GRAFTS

WITH LIVER METASTASIS NO LIVER METABTASIS

GRANULOBA STRAINS Estrogen Plethorin Estrogen Plethorin
) | 1/4 *2/4 0/8 2/3

1I 1/2 *2/2

5/25 **5/25 4/34 **6/34

Total 6/29 /29 5/39 **%10/39
Per cent 20.7 4.1 12.8 25.6

Fractions indicate number of positive mice over the number studied. Each asterisk des-
ignates an animal that also exhibited estrogenic stimulation.

The above data suggest that estrogen and
plethorin are different substances. It has been sug-
gested that plethorin originates in the liver (cf. 20).

It is known that the blood volume rise precedes
that of recognizable congestive changes. Thus
many more animals had an increased blood volume
than indicated in the tables. This is probably true
also for estrogenic stimulations. The precise rela-
tion of the two remains to be analyzed. However,
there is ample evidence to conclude that plethorin
is specifically related to granulosa cells.

Pathogenests.—Hormonal imbalance has recent-
ly been stressed as the most important factor in
the pathogenesis of ovarian tumors (12, 18) and
the now classical Biskind procedure (4) and the
many observations of Gardner and his associates
(12), indicate that it doubtless is a major factor.
However, there is no evidence indicating that the
growths induced by the Biskind procedure and the
nodules frequently found in endocrines are truly
neoplastic, but some can turn into true cancers.

We are impressed as are Van Eck-Vermande
and Freud (21) by the double effect of irradiation:
an immediate which is destructive and a delayed,
which is an anomaly in development, “comparable
to mutations obtained by x-rays where an invisible
immediate effect entails a new trend in later devel-
opment” (21). The immediate effect is a disorgan-
ization of the ovary; this is followed by a disturbed
regeneration; some cells stimulated by the hy-
pophysis proliferate and secrete and these in turn
influence other cells of this organ and the pituitary
itself. The magnitude of the delayed x-ray effect on
cells of the ovary, the role of disorganization, and
of the varied hormonal influences, all basic prob-
lems of tumor genesis, remain to be analyzed.

SUMMARY AND CONCLUSIONS

Exposure of ovaries to x-rays causes the devel-
opment of tumors of different sorts. Five types
have been transplanted in series: granulosa tu-

mors, luteomas, tubular adenomas, sarcomas, and
angioendotheliomas.

The granulosa tumors occur in such a wide range
of morphological forms and simulate so many dif-
ferent types of neoplasms that their identification
O.III) la. morphological basis alone is often not pos-
sible.

Common to all granulosa growths is the ability
to produce or initiate production of estrogens and
plethorins (a substance that raises blood volume)
although not all tumor-bearing hosts show effects
of these substances.

Manifestations of estrogen and plethorin stimu-
lations can occur independently, although both are
related to activities of granulosa cells.

No evidence was found to indicate that any cell
other than a variant of the granulosa cells secretes
estrogens.

Well-developed granulosa tumors did not
change into luteomas. After a few transplantations
each strain had certain morphological features
that remained true through numerous subpas-
sages.

All transplantable luteomas studied produced
secondary changes indicative of progestin produc-
tion.

The tubular adenomas are derivatives of the
germinal epithelium. Those transplanted were be-
nign and of exceedingly slow growth. In the course
of subpassages sooner or later most of them either
changed into or were overgrown by granulosa
cells.

Male hosts are more susceptible to grafts of tu-
bular adenoma and of granulosa tumors than fe-
males. This sex influence does not seem to be due
to a gonadal hormone since it is usually magnified
by gonadectomy.

Spleen and liver are better soils for granulosa
grafts than the subcutaneous tissue; the success of
splenic grafts is not necessarily due to inactiva-
tion of estrogens in the liver.

In the genesis of these tumors two major forces
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are postulated; direct and delayed x-ray effect, and
a hormonal “imbalance.” Both require a more pre-
cise analysis to unravel the complex sequence of
eventsinitiated by irradiation of ovaries. The expo-
sure to x-rays may last only for seconds but the
chain of events which follows covers the entire life
span of the animal.
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ADDENDUM

Discussions at the American Association for Cancer Re-
search meeting on April 16 and 17 disclosed that there are no
established criteria to differentiate by bioassay, androgens from
different organs (testiculoids, progestins, and corticoids). Mas-
culinization of submaxillary gland is produced by testiculoids
only according to unpublished observations of A. Kirschbaum
and M. J. Frantz.

In the present study no major role is attributed to intersti-
tial cells: the luteomas are related to granulosa cells and none
of the hormone-secreting tumors are derived from interstitial
cells. These observations are contrary to those reported by
others and should lead to further study but not to generaliza-
tions.
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