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Abstract.We report here the first orthotopic transplant model
for human ovarian cancer. Histologically-intact patient speci-
mens of ovarian cancer were transplanted by microsurgical
techniques under the capsule of the nude mouse ovary. The
human tumors grew locally and gave rise to a patient-like
metastatic pattern including the parietal peritoneum, colon,
omentum, and ascites. The orthotopic model described here
should be useful for evaluating new therapeutics and diagnos-
tics for ovarian cancer.

There have been many attempts to develop models of human
ovarian carcinoma for use in understanding the biology of the
disease as well as for testing of standard and experimental
treatments. The first in vivo models included human ovarian
carcinomas implanted subcutaneously in nude mice which
usually do not metastasize (1-4). Another model was subse-
quently developed which was constructed by intraperitoneal
injection of the cell line NIH: OVCAR-3™2*) into nude
mice. This cell line was derived from a tumor resistant to
drugs in the patient and develops intraabdominal carcinomas
in nude mice, as well as ascites (5). The cell line was selected
for growth in nude mice and in agarose (5). This model has
been shown to be useful for evaluation of certain therapeutic
regimens (6). Ward et al (7) intraperitoneally injected a slurry
derived from patient specimens into nude mice which re-
sulted in intraabdominal carcinomas, but distant metastases
were rare. Massazza et al (8) intraperitoneally injected into
nude mice either patient ascites from ovarian tumors or cell
suspensions derived from human ovarian cancers that re-
sulted in ascites growing in the nude mice. However, until
now, no model of ovarian cancer has been developed that
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reflects the clinical picture of local growth initiating in the
ovary with subsequent extension and metastasis from the site.

In this light, we wished to develop ovarian carcinoma
models in nude mice that could be constructed directly from
essentially any patient and not depend on selecting a cell line
or making cell suspensions, and whose growth and metastasis
originated from the ovary itself. In order to achieve this goal,
we orthotopically transplanted human ovarian tumor speci-
mens to the nude-mouse ovary with resulting local growth
and a metastatic pattern reflecting the clinical picture as
described in this report.

To construct such models of ovarian cancer, we utilized
techniques we developed for orthotopically implanting in
nude and severe combined immunodeficient (SCID) mice
histologically intact human specimens of colon cancer (9,10),
bladder cancer (11,12), pancreatic cancer (13), lung cancer
(14-16), prostate cancer (17), and stomach cancer (18), which
resulted in local growth and metastases reflecting the clinical
situation. In at least bladder cancer (11,12), stomach cancer
(18), and lung cancer (14-16), intact tissue orthotopic trans-
plants seem to result in considerably more metastatic poten-
tial than orthotopic injection of cell suspensions. The con-
struction of such orthotopic models with actual patient speci-
mens of ovarian cancer which are histologically intact is the
subject of this report.

Materials and Methods

SCID and nude mice were anesthetized by isoflurane (Forane) inhalation,
A midline incision was made in the lower abdomen of the nude mouse,
and the peritoneum was opened. One side of the ovary of the nude mouse
was exposed. The capsule of the ovary was opened and intact pieces of
human ovarian tumor tissue were transplanted into the capsule. The
capsule was closed with an 8-0 surgical suture. In this way, at maximum
two pieces of tumor tissue can be transplanted orthotopically. In order to
transplant more tissue orthotopically, we also carried out the onplantation
method, i.e. after the opening of the ovarian capsule, five to six pieces of
tumor tissue were transplanted on the mouse ovary by an 8-0 surgical
suture with the ovarian capsule left open. After orthotopic transplanta-
tion, the nude mouse abdomen was closed with 6-0 surgical sutures on one
layer. The procedure takes approximately 10 minutes.
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Table 1. Growth and metastases of human ovarian carcinomas after orthotopic transplantation as intact tissue in nude mice,

Number of mice with tumors Growth and

Stage/Grade after transplantation/ metastases
Case No, in patient number of mice transplanted in nude mice
1943 Stage 11
Poorly differentlated 213 Local growth
metastatic adenocarcinoma
2443 Stage IV
Poorly differentlated 444 Local growth,
adenocarcinoma, including extensive

small-bowel and omentum
metastasis

metastasis, to
peritoneum,
colon, and
omentum

Results and Discussion

Five cases of human ovarian cancer were transplanted into
nude mice (Table I), two of which gave rise to tumors. In the
first case with patient specimen #1943, the largest growth was
an encapsulated cyst, measuring 33X23 mm with watery
fluid. No rupture or intraperitoneal seeding was observed.
This tumor grew with a cystadenocarcinoma growth pattern.
In the second case (Figure 1) with patient specimen #2443,
extensive solid primary tumor growth was observed along
with ascites with extensive metastasis to the colon, omentum
and parietal peritoneum of two of the nude mice. It should be
noted that in the patient there was also metastasis to the
bowel and omentum.

As can be seen from Table I. the orthotopically-trans-
planted tumors in the mice resembled the tumors in the
patients.

The nude mouse models of human ovarian carcinoma
described in this report, unlike previous models, reflect the
clinical picture and have the following advantages over
previous models:

1) They can be constructed directly from patient tumor
specimens.

2) The tumors grow locally in the ovary.

3) The tumors can metastasize from the ovary to the peri-
toneal wall and to critical organs such as the colon, and the
omentum all of which reflects the clinical situation.

The approach to the construction of models of human
ovarian cancer reflecting the clinical picture described here
should be of eventual use to evaluate experimental treatment
of ovarian cancer and for modeling of individual patient
tumors, which heretofore was not possible. The models
described here should facilitate treatment testing and deci-
sion making.
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Figure 1. Orthotopic transplantation of human ovarian cancer case #2443 1o nude mice.

1A, Human ovarian cancer metustasized to nude mouse abdominal wall after being orthotopically transplanted to nude mouse ovary (big arrow).
Tumor masses can also be noticed throughowt the abdominal area (small arrows).

1 B. Human ovarian cancer seeding growth on parietal peritoneum in nude mouse after being transplanted orthotopically to nude mouse ovary (arrows).

1C. Human ovarian cancer grown on nude mouse ovary after orthotopic transplantation. Black arrow indicates tumor growth on nude-mouse ovary.

White arrow indicates metastasis to the nude-mouse colon,

1D, Human ovarian cancer grown on nude mouse ovary after orthotopic transplantation. Extensive tumor growth, intraperitoneal seeding and ascites

accurred. Arrow indicates abdominal wall metastasis.

1E. Seeding growth of human ovarian cancer on the omentum (arrow) of the same mouse as in 1D after orthotopic transplantation.

1F. Metastasis of human ovarian cancer on the nude mouse colon of the same mouse as in 1D (small arrow) and to the retroperitoneum, (big arrows).
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