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CYTOGENETICS AND DIFFERENTIATION OF RAT OVARIAN TUMORS

Fig. 1. A, well-differentiated adenoenrcmoma (denved from cell lme 12) wnh well-formed glmds of various sizes and shapes lined by single epithelium with “enteric” pattern
containing mucous “goblet” cells. The glands infiltrate a fibrous stroma (X 250). B, higher power view of neoplastic glands invading fibro-collagenous stroma. The glands are dilated
and contain mucous and desquamated cells. Note the goblet-type mucous cells within the pseudostratified epithelium with other secretory, clear, and intercalated cells and some mitoses.
The stroma contains fibroblasts and mononuclear inflammatory cells (X 400). C, panoramic view of a moderately differentiated adenocarcinoma (cell line 14) in which most of the
epithelial clements formed solid sheaths or packed cords of small polygonal cells, in some areas forming small glands with mucous goblet cells, with or without lumen, but in most
areas giving just the suggestion of poorly differentiated glands. The connective tissue stroma is scant (X 100). D, Higher power view of the same tumor above showing ill-formed
neoplastic glands with mitotic activity and narrow lumens among poorly differentiated masses of epithelial cells with adenoid appearance including individual mucous cells not forming
glandular structures. Note the pleomorphism of the tumor cells (X 400). E, undifferentiated carcinoma (cell line 10) formed by diffuse masses of disorganized neoplastic epithelial cells
infiltrating and destroying skeletal muscle (remnants of muscle fibers at lower left) and with focal areas of necrosis (lower right; X 100). F, high power view of same tumor above
showing the highly pleomorphic neoplastic epithelial cells with obvious variation in size, shape, and orientation, some forming small groups and cords separated by fine strands of
collagenous stroma. Note larger cells with irregular nuclei and large nucleoli, some of which are hyperchromatic (X 400).
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CYTOGENETICS AND DIFFERENTIATION OF RAT OVARIAN TUMORS

Table 2 Cytogenetic findings in eight tumors produced in athymic mice following inoculation of rat ovarian surface epithelial cell lines

Tumor
no. Karyotype
Undifferentiated
8 4243, XX,dic(3;12)(p11;p11),ins(6;7X(q16;?),—16,+2-3mar (one mar contains an hsr)[5]
9 42,XX,der(2)t(2;7Xq10;q13 or q21.1),—7,add(14)(q11.2),der(16)add(1Xq?31)t(1;16)(q22;q12.3), + mar,1-2dmin[2]/84-85,idemx2, + 18[cp4]
10 42-43,XX,ins(6)(q12q16),add(13)(q26),der(16)t(1;16)q22;q12.3),— 17, + 1-3mar(5]
19 42,XX,+4,del(4)(q34.1q4%4),—17(5)
23 43,XX,add(1)(q55.2),add(3)(p11),—4,der(5)t(4;5Xq22;q10), — 12, + 3mar(5}/80-83,idemx2[cp2]
26 42-43,XX,del(6)(q24.1q32),— 15,+19,+der(7)t(?;4)X?;q11),hsr(4)q11)[5]
Well to
Moderately
Differentiated
12 43,XX,der(16)t(1;16)(q22;q12.3), +19[5)
14 43,XX,+12[5]

In the well-differentiated adenocarcinoma (cell line 12), the pre-
dominant neoplastic elements were glands of various sizes (Fig. 14).
The glands were formed by a single layer of polygonal or cuboidal
cells with eosinophilic, clear, or condensed cytoplasm and ovoid,
alternating clear, or hyperchromatic nuclei, as well as isolated or short
rows of “goblet” type epithelial cells with abundant mucous apical
cytoplasm (mucicarmin positive) and compressed basal nuclei, giving
an “enteric” appearance to the glandular epithelium. Numerous mito-
ses were observed. The tumor invaded the deep dermis, s.c. adipose
tissue, and underlying skeletal muscle (Fig. 1, A and B).

The moderately differentiated tumor (cell line 14) was composed
of a mixture of solid sheets, cords, or masses of neoplastic epithe-
lial cells with scant fibrous stroma and scattered groups of small
glands formed by epithelial cells similar to those of the well-
differentiated group, including “goblet” or “signet-ring” mucous

(

cells (Fig. 1C). Some of the neoplastic cells had a high nuclear/
cytoplasmic ratio with scant eosinophilic cytoplasm and pleomor-
phic hyperchromatic nuclei, usually ovoid, with a prominent nu-
cleolus. Mitoses were not numerous. Foci of necrosis and stromal
hyalinization were observed (Fig. 1D).

The poorly differentiated tumors (cell lines 8, 9, 10, 19, 23, and 26),
which represent the most frequent subtype observed, were formed
by solid sheets, masses, and closely packed cords of undifferenti-
ated epithelial cells that invaded the skin, s.c. adipose tissue, and
underlying muscle. Fibroblastic or collagenous stroma was very
scant (Fig. 1E), although foci of hyalinization were observed. The
tumor cells appeared disorganized and pleomorphic and displayed
ovoid or angular nuclei with one or more nucleoli, thick nuclear
membrane, and scant pale cytoplasm (Fig. 1F). Although no well-
formed glands were identified, occasional signet-ring-like cells
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Fig. 3. Karyotype of a G-banded metaphase
spread from a poorly differentiated tumor produced
in an athymic mouse following inoculation of cell
line 9. The karyotype displays multiple cytogenetic

changes (arrows).
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were present among the generally undifferentiated sheets of ma-
lignant epithelioid cells.

Cytogenetic Features. Cytogenetic analysis revealed abnormal
karyotypes in cells from every tumor (Table 2). The two more
differentiated tumors (numbers 12 and 14) had only one or two
cytogenetic changes. In tumor 14, trisomy 12 was the only alteration
observed (Fig. 2). Tumor 12 had an extra copy of chromosome 19 and
a der(16)t(1;16)(q22;q12.3).

Each of the poorly differentiated tumors had complex karyotypes
with five to eight clonal aberrations, except tumor 19, which showed
only three abnormalities: +4, 4q—, and —17. An example of such a
complex karyotype is shown in Fig. 3. Unbalanced rearrangements
and numerical losses were found in every one of the poorly differen-
tiated tumors. Three of these tumors had one or more marker chro-
mosomes of unknown origin, and three tumors had either dmin (Fig.
4A) or hsr (Fig. 4, B and C). Two poorly differentiated tumors
(numbers 9 and 23) had both near-diploid and near-tetraploid popu-
lations. In each case, the near-tetraploid subline represented a
polyploid version of the near-diploid clone. Occasional metaphase
spreads with even higher ploidies were also observed. Histological
examination of tumors 9 and 23 revealed a prominent subpopulation
of cells containing large nuclei.

DISCUSSION

The histopathological features of these rat ovarian surface epithelial
tumors are similar to those observed in clinical human ovarian cancer.
The data derived from this rat model of ovarian carcinoma suggest
that chromosome abnormalities play an integral role in ovarian sur-
face epithelial oncogenesis. Moreover, the degree of tumor differen-
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tiation parallels the cytogenetic complexity observed. Every one of the
tumors examined displayed cytogenetic alterations, although none of
the tumors from this larger series had losses of chromosome 5. The
histopathological findings appear to correlate with the karyotypic
pattern, with only simple changes being observed in well to moder-
ately differentiated tumors and increased chromosomal complexity
occurring in the less differentiated tumors. The two more differenti-
ated tumors examined had only one or two cytogenetic changes, and
they had in common the presence of numerical gains (i.e., +12 or
+19). One of the more differentiated rat tumors (number 12) also had
a der(16)t(1;16)(q22;q12.3). However, this rearrangement may have
originated early in cell culture, as this same abnormality was also
found in several rat ovarian surface epithelial cell lines examined at
subculture passage 5. The poorly differentiated tumors generally
displayed complicated karyotypes with at least five clonal changes.
The exception was tumor 19, which showed an intermediate karyo-
type with three chromosome abnormalities.

In humans, Pejovic et al. (10) observed simple karyotypic changes
(i.e., numerical changes only or a single structural aberration) in 6 of
52 ovarian carcinomas. The remainder had complex karyotypes. Five
of their six carcinomas with simple karyotypes were well differenti-
ated, leading the authors to conclude that simple karyotypic changes
are generally characteristic of less aggressive ovarian tumors. Our
data from this rat model support this contention and indicate the
potential relevance of this model to the study of clinical ovarian
cancer. Furthermore, simple karyotypic changes appear to be much
more common in benign epithelial tumors of the ovary than in ovarian
carcinomas. For example, in one study, clonal abnormalities were
identified in 7 of 42 benign ovarian tumors; all 7 cases with chromo-
some changes had simple karyotypes (37). Five cases had trisomy 12,
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Fig. 4. A, portion of polyploid metaphase spread from tumor 9 showing numerous
dmin, some of which are indicated by arrows. B and C, partial metaphase spreads showing
hsr (arrows) observed in tumor 8 (B) and tumor 26 (C). Insets in B and C show additional
examples of the hsr-containing chromosomes from cells of these two tumors with brackets
demarcating each hsr.

including three in which this was the only change observed. Crickard
et al. (38) reported trisomies of 2 and 7 as the only changes in a serous
tumor of low malignant potential (“borderline”). Among 13 reported
ovarian carcinomas known to have simple chromosomal changes, 11
tumors were either well-differentiated adenocarcinomas or tumors of
low malignant potential (10, 39).

Some of the poorly differentiated rodent tumors displayed highly
complex karyotypes reminiscent of those observed in most primary
human ovarian carcinomas (4—10). Unbalanced rearrangements (e.g.,
deletions and derivative chromosomes) and numerical losses were a
consistent finding in the poorly differentiated rat tumors. Such chro-
mosomal losses have been associated with the involvement of reces-
sive cancer genes (i.e., tumor suppressors) and may unveil a mutation
or submicroscopic deletion on the remaining homologue (40). Three
of the poorly differentiated rat tumors had multiple dmin or an hsr. In
neoplastic diseases, dmin and hsr are usually associated with ampli-
fication of oncogenes (41). Such amplification represents an important
mechanism for increased expression of genes involved in tumorigen-
esis. In some types of cancer, amplification of specific oncogenes has
been correlated with advanced disease (17, 42, 43). In ovarian cancer,
sporadic amplification of KRAS (16, 21, 22), MYC (17, 19, 27), HRAS

(19), ERBB2 (23, 24, 29), and AKT2 (30) has been reported. We
intend to determine whether any of these genes is amplified in the hsr
and dmin seen in our rodent tumors. Alternatively, it may be possible
to identify the amplified DNA sequence by microdissection cloning.

Although the karyotypes observed in the poorly differentiated rat
tumors are complex, many human ovarian carcinomas have even more
cytogenetic changes than we observed in our rat model. Many of the
changes observed in human ovarian carcinomas probably represent
late events associated with tumor progression. In human ovarian
cancer, there are often many unidentified markers, and the chromo-

some banding quality may be suboptimal. These obstacles have hin-.

dered efforts to identify primary cytogenetic changes that might have
clinical relevance. Such problems appear to be less pronounced in our
rodent model. Consequently, it may be possible to focus attention on
a few chromosomes that are repeatedly altered in the rat tumors.
While no single change has been consistently observed in our model,
several chromosomes were altered in two or more tumors. For exam-
ple, trisomy 19 and monosomy 17 were each observed in two tumors.
Monosomy 16 occurred in one tumor, and partial loss of 16q due to
a der(16)t(1;16) was observed in two others. Various rearrangements
of chromosome 6, including two with breakpoints at band q16 (tumors
8 and 10), were found in three poorly differentiated tumors.

In conclusion, the experimental malignant tumors produced by
these rat ovarian surface epithelial cell lines range in degree of
differentiation which is paralleled by the complexity of the karyotype.
Thus, this model system could facilitate efforts to define the genetic
basis for many features of common epithelial tumors of the human
ovary.
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