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SUMMARY: Originating from post-meiotic germ cells, mature ovarian teratomas (MOT) are genetically homozygous tumors
within heterozygous hosts. MOT may be associated with malignant tumors of a non-germ cell phenotype (so-called malignant
transformation). Based on the presence of in situ changes, some cases have been hypothesized to arise from teratomatous
tissue. However, other malignancies associated with mature teratomas, such as sarcomas, may originate from either
teratomatous elements or preexisting somatic ovarian tissue. Eight cases of MOT containing various histologic types of
malignancy, including four squamous cell carcinomas, two sarcomas, one thyroid carcinoma, and one carcinoid tumor, were
selected for study. Using selective tissue microdissection and PCR-based analysis of the extracted DNA, we compared the
genotypic pattern of the mature teratomatous components to the associated malignant neoplasm with a random panel of highly
informative genetic markers for different chromosomes. In all eight cases, genetic analysis of the malignant component revealed
a homozygous genotype. In seven cases, the genetic profiles of mature teratomas and the associated malignant tumors were
identical, suggesting a direct pathogenetic relationship between these lesions. In one case, the malignant component revealed
homozygosity of different alleles compared with mature teratoma, suggesting independent teratomatous growth processes. This
finding indicates that some ovarian malignancies of the non-germ cell phenotype arise in teratoma and fall into the spectrum of
germ cell tumors. (Lab Invest 2000, 80:81–86).

C omposed of one or several embryonic layers
(ectoderm, endoderm, and mesoderm), mature

teratoma is the most common ovarian germ cell tu-
mor, accounting for 27% of all ovarian neoplasms in
adults (Russel and Farnsworth, 1997). Tumors of a
non-germ cell phenotype involving mature ovarian
teratomas (MOT) are well recognized and include
squamous cell carcinoma (Peterson, 1957), adenocar-
cinoma (Peterson, 1957), melanoma (Liberati et al,
1998), malignant lymphoma (Seifer et al, 1986), thyroid
carcinoma (Devaney et al, 1993), sarcoma (Peterson,
1957), and carcinoid tumor (Kelley and Scully, 1961).
Morphologically, different preneoplastic stages have
been detected in some of these tumors (Hirakawa et
al, 1989; Klionsky et al, 1972), suggesting that these
malignancies may have originated from benign terato-
matous tissue. This concept, however, has never been
verified by comparative genetic analysis. Furthermore,
in a subset of cases, preneoplastic changes cannot be
identified and in such cases the morphologic exami-
nation alone is insufficient to determine whether the

malignant component derives from teratomatous tis-
sue or represents an independent non-teratomatous
neoplastic growth.

To assess the pathogenetic relationship between
MOT and associated malignancies, we undertook a
genetic analysis of eight cases, using selective tissue
microdissection of different mature teratomatous
components and malignant lesions associated with
the teratomas.

Results

Selectively microdissected tissue samples from MOTs
and associated malignancies from eight women were
procured for genetic analysis (Table 1, Fig. 1). From
two to nine markers were informative, revealing the
presence of both allelic bands (heterozygosity) in the
normal tissue (ovarian stroma or fallopian tube) used
as a control in all cases.

In cases 1 to 7, each case revealed homozygous
genotype in both teratomatous and malignant compo-
nents with most informative markers (Figs. 2 to 4). In
each case, homozygosity of the same allele was
detected, when mature teratomatous tissue was com-
pared with the malignant components. Occasionally,
heterozygosity was detected in both the mature tera-
toma and malignant component of the tumors, as a
result of meiotic recombination.

Case 8 consisted of two independent mature ovar-
ian teratomas (MOT1 and MOT2) that were associated
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with widely metastatic angiosarcoma. Genetic analy-
sis revealed both teratomas to be homozygous, how-
ever, homozygosity of opposite alleles was observed
with several markers suggesting independent origin of
both teratomas. Angiosarcoma tissue from four differ-
ent sites, including the right ovary adjacent to MOT1
and to MOT2, the left ovary, and the omental metas-
tasis, was analyzed. All four sites yielded identical
results and were consistently homozygous with all
nine informative markers. However, different alleles
were homozygous with several markers, when com-
pared with MOT1 and MOT2 (Fig. 5).

Discussion

Malignant transformation, a well-recognized compli-
cation of MOT, occurs in less than 2% of cases (Kelley
and Scully, 1961; Peterson, 1957). Some malignancies
such as squamous cell carcinoma may arise from the
epidermal component of the mature teratoma via
carcinoma in situ (Klionsky et al, 1972) or from respi-
ratory epithelium via squamous metaplasia/dysplasia/
carcinoma in situ (Hirakawa et al, 1989). However, in
other cases, morphologic evidence for the transforma-
tion of benign ovarian teratomatous tissue into malig-
nant neoplasm is lacking. It is not known whether such
malignancies originate from ovarian somatic tissue or
from teratomatous elements.

Comparative genetic studies of germ cell and non-
germ cell tumors arising synchronously in the ovary
have never been reported. A cytogenetic study dem-
onstrating an i(12p) in acute leukemias associated with
mediastinal germ cell tumors is the only available
genetic evidence supporting the germ cell origin of
these hematologic malignancies (Ladanyi et al, 1990).

MOT can be associated with a variety of malignant
tumors of a non-germ cell phenotype, including car-

cinoma, carcinoid tumor, and sarcoma (Kelley and
Scully, 1961; Peterson, 1957). With this study, we
performed genetic analysis of eight MOT associated
with malignant tumors of a non-germ cell phenotype
to elucidate whether these malignant processes were
in fact of germ cell origin. We previously confirmed a
genotypic difference between homozygous MOT and
heterozygous host tissue (Vortmeyer et al, 1999) in
support of the original findings by Linder (Linder, 1969;
Linder et al, 1975). In the present study, we detected
genetic homozygosity in mature teratomatous tissues
and associated malignancies with multiple genetic
markers. The same allele was present in both the
teratomatous and malignant component of the tu-
mors. Occasionally, heterozygosity attributed to the
process of meiotic recombination was detected in
some of our cases (Vortmeyer et al, 1999). Our results
clearly demonstrate the presence of the same ho-
mozygous genotype in MOT and associated malig-
nancies of a non-germ cell phenotype, supporting a
germ cell origin for these cancers.

Of particular interest is the angiosarcoma with
omental metastasis and involvement of both ovaries in
a 40-year-old woman. The right ovary disclosed two
distinct cystic teratomas (MOT1 and MOT2), each
composed of squamous epithelium and thyroid tissue.
PCR analysis of both selectively microdissected his-
tologic components of MOT1 and MOT2 repeatedly
showed identical homozygous genotype within the
individual tumors; however, the genetic changes be-
tween MOT1 and MOT2 were markedly different,
suggesting the presence of two independent terato-
mas, as described previously (Carritt et al, 1982).
Although genetically different, MOT1 and MOT2 ap-
peared morphologically similar, indicating the role of
possible local and environmental factors in the phe-

Table 1. Microdissected Tissue (*) Separately Analyzed from Eight Patients with Malignancies of Nongerm Cell
Phenotype Involving Ovarian Teratomas

Site Mature teratomatous components Associated malignancy

Case 1 Right ovary Squamous epithelium* Squamous cell carcinoma*
Case 2 Right ovary Squamous epithelium* Squamous cell carcinoma*
Case 3 Right ovary Squamous epithelium* Squamous cell carcinoma*
Case 4 Left ovary Squamous epithelium*

Skin adnexal appendages, bone
Papillary thyroid carcinoma, follicular type*

Case 5 Right ovary Squamous epithelium* Squamous cell carcinoma*
Skin adnexal appendages
Respiratory epithelium, glia

Case 6 Left ovary Prostate*, cartilage* Carcinoid tumor*
Respiratory epithelium
Gastrointestinal epithelium

Case 7 Right ovary Squamous epithelium* Rhabdomyosarcoma*
Skin adnexal appendages*

Case 8 Right ovary MOT1:—Squamous epithelium* Angiosarcoma*
—Thyroid*

MOT2:—Squamous epithelium* Angiosarcoma*
—Thyroid*

Left ovary Angiosarcoma*
Omentum Angiosarcoma*
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Figure 1.
Three examples of malignancies of a non-germ cell phenotype within mature ovarian teratomas (MOT). (A) Poorly differentiated carcinoma (bottom) associated with
a mature teratoma with squamous epithelium (top) (hematoxylin and eosin; magnification, 3158). (B) Embryonal rhabdomyosarcoma closely associated with a
mature teratoma. The undifferentiated small cell neoplastic proliferation underlies the teratomatous squamous epithelium (hematoxylin and eosin; magnification,
3150). Insert: Note the presence of cross striations in the tumor cells (arrow) (hematoxylin and eosin, magnification, 31025). (C) Angiosarcoma associated with
mature teratoma (hematoxylin and eosin; magnification, 3100). Insert: Note the interconnecting vascular channels lined by sarcomatous cells (hematoxylin and eosin;
magnification, 3150).
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notypic differentiation of ovarian germ cell tumors. The
coexistent angiosarcoma also revealed a consistent
homozygous genotype; however, the genetic profile
obtained with multiple polymorphic markers was dif-
ferent from that of either MOT1 or MOT2. The consis-
tent homozygosity of the angiosarcoma with all nine
informative markers appeared to be pathogenetically
related to teratomatous growth.

Ovarian sarcomas are rare, and their histogenesis is
controversial. Some are thought to originate from
ovarian connective tissue, whereas others may repre-
sent a component of a malignant mixed mullerian
tumor or a teratoma (Talerman, 1996). The unidirec-
tional differentiation of a teratoma (Talerman, 1996) or
sarcomatous overgrowth in a benign teratoma (Nucci
et al, 1998) could represent the mechanism of origin
for the ovarian angiosarcoma in our case. Interest-
ingly, a recent study of seven primitive ovarian angio-
sarcomas revealed an association with MOT in two
cases (Nielson et al, 1997).

In conclusion, tissue microdissection and genetic analy-
sis with microsatellite markers in eight cases of MOT
associated with malignancies of a non-germ cell pheno-
type suggest a common pathogenetic pathway for the
teratomatous and malignant components. In various histo-
logic types of malignancy involving mature teratomas of the
ovary, we demonstrated the same genotype as that of
mature teratomas, supporting a germ cell origin for these
malignancies. We therefore conclude that some malignan-
cies of non-germ cell phenotypes in the ovary fall into the
spectrum of germ cell tumors.

Materials and Methods

Tumor Samples

Sixty-six MOT with associated malignancies of a non-
germ cell phenotype were reviewed from the consul-

Figure 2.
Representative results of the PCR analysis in a teratoma with squamous cell
carcinoma from patient 1. The mature teratomatous squamous epithelium
(lanes 3 and 4) and the squamous cell carcinoma (lanes 5 and 6) microdis-
sected from the right ovary, showed an identical genotype. Both are homozy-
gous with the presence of the upper allele only at the D9S303 locus (A), the
lower allele only at the ANK1 locus (B), and the upper allele only at the CYP2D
locus (C). The presence of a weaker lower allele with D9S303 and CYP2D was
interpreted as contamination. Heterozygosity is retained in normal ovarian
tissue (lanes 1 and 2).

Figure 3.
Representative results of the PCR analysis in a teratoma with papillary thyroid
carcinoma, follicular variant from patient 4. Different areas of mature squa-
mous epithelium (lanes 5 and 6) and different regions from papillary thyroid
carcinoma (lanes 3 and 4) showed identical results. All different microdis-
sected tissues were homozygous with the presence of the lower allele only at
(A) D9S303, (B) D3S2452, (C) AR, and with the upper allele only at (D)
D1S1646, while normal ovarian tissue (lanes 1 and 2) revealed the presence
of both alleles.
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tation files of the Department of Gynecologic and
Breast Pathology of the Armed Forces Institute of
Pathology from 1965 to 1999. Eight cases with avail-
able paraffin blocks and normal tissue were selected
for genetic analyses, to encompass a variety of histo-
logic types of malignancies. The latter included squa-
mous cell carcinomas (n 5 4), sarcomas (n 5 2),
papillary thyroid carcinoma (n 5 1), and carcinoid
tumor (n 5 1) (Table 1). Formalin-fixed, paraffin-
embedded tissue blocks were selected from normal
adnexal control tissue, MOT, and associated malig-
nancies for analysis. In case 8, the omental metastasis
from the sarcoma was also analyzed.

Sample Preparation and DNA Extraction

Unstained 5-micron tissue sections on glass slides
were deparaffinized with xylene, rinsed in graded
ethanol (100% to 80%), briefly stained with hematox-
ylin and eosin, and rinsed in 10% glycerol in EDTA
buffer. Normal tissue (ovarian stroma or fallopian tube)
and different teratomatous components of each MT,
as well as multiple samples from different areas of the
malignancies (Table 1), were selectively microdis-
sected from stained slides as described previously
(Zhuang et al, 1995). Procured cells were immediately
resuspended and incubated for 48 hours at 37° C in a
25-ml solution containing 50 mM Tris-hydrochloric
acid (pH 8.0), 1 mM EDTA, 0.5% polyoxyethylene
sorbitan monolaurate (Tween 20), and 0.5 mg/ml pro-
teinase K. The mixture was heated to 95° C for 5
minutes to inactivate the enzyme and was stored at
4° C until use.

Genetic Analysis

Using PCR, the samples were independently evalu-
ated for heterozygosity at 6 to 10 chosen loci among
12 highly polymorphic microsatellite markers:
D1S1646 (1p36), D2S1364 (2), D3S2452 (3p21.1-
14.2), D7S1822 (7q31.1-31.2), ANK1 (8p21.1-11.2),
D9S303 (9q), D9S171 (9p21), IFNA (9p22), INT2
(11q13), PYGM (11q13), CYP2D (22q13), and AR
(Xq11.2-12). Locus-specific PCR assays were per-
formed using a previously described procedure

Figure 4.
Representative results of PCR analysis of tumor samples from patient 7. At
ANK1 locus on chromosome 8 (A) and at AR gene locus on chromosome X (B)
both mature teratoma (T: lanes 2 to 5) and rhabdomyosarcoma (S: lanes 6 to
9) revealed a homozygous pattern with the presence of the lower allele only
while heterozygosity was retained in normal tissue (N: lane 1).

Figure 5.
Representative results of the PCR analysis in two mature teratomas (MT1 and
MT2) and an angiosarcoma (S) from patient 8. (A) Homozygosity of different
components of MT1 (MT1: lanes 2 and 5) and different components of MT2
(MT2: lanes 3 and 4) as well as different areas of the angiosarcoma in the right
ovary (S: lane 6) and in the left ovary (S: lane 7) at the ANK1 locus on
chromosome 8, whereas heterozygosity was retained in normal tissue (N: lane
1). (B) At the D1S1646 locus, MT1 was homozygous with the presence of the
upper allele (lane 2), whereas MT2 was homozygous with the presence of the
lower allele (lanes 3 and 4). No amplification was obtained from one of
samples of MT1 (lane 5). The DNA obtained from the angiosarcoma in the right
(S: lane 6) and left ovary (S: lane 7) was homozygous with the presence of the
upper allele only. The lower allele in these two samples was of lesser intensity
in a ratio greater than 50% and was interpreted as contamination with
non-tumoral DNA. (C) At the AR locus on chromosome X (samples run in
duplicate), whereas the normal tissue was heterozygous (N), both components
of MT1 (lanes 2 and 5) showed homozygosity with the presence of the upper
allele, whereas both components of MT2 (lanes 3 and 4) demonstrated
homozygosity of the opposite allele. Different areas of the angiosarcoma from
the right ovary (S: lane 6) and left ovary (S: lane 7) showed a homozygous
profile with the presence of the lower allele only. The presence of a weaker
upper allele in lanes 6 and 7 corresponds to contamination. (D) At the CYP2D
locus, MT1, MT2, and the angiosarcoma showed a different genotypic pattern,
with the normal ovarian stroma (lane 1) being heterozygous. MT1 was
heterozygous (lanes 2 and 5) and MT2 was homozygous with the presence of
the upper allele only (lanes 3 and 4), whereas the angiosarcoma was
homozygous with the presence of the lower allele only (lanes 6 and 7). The
presence of a weaker upper allelic band in lanes 6 and 7 represents
contamination.
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(Zhuang et al, 1995) in a total volume of 10 ml contain-
ing 1.5 mM MgCl2, 1 ml of 10X PCR buffer (Perkin
Elmer, Norwalk, CT), 0.5 U Taq DNA polymerase, 1.25
mM each of the four standard nucleoside triphos-
phates, 0.4 mM of each primer, 0.2 ml of [32P]dCTP
(6000 Ci/mM), and 1.5 ml of DNA. Thirty-five PCR
cycles (template denaturation at 94° C for 1 minute,
appropriate annealing temperature for 1 minute, and
primer extension at 72° C for 1 minute) were carried
out. The amplified DNA was diluted 1:1 with loading
dye (12 mM EDTA, 0.1% bromophenol blue, and 0.1%
xylene cyanol in formamide), denatured at 94° C for 4
minutes, loaded onto 8% polyacrylamide gels (Gel Mix
8; Life Technologies, Gaithersburg, MD) and subjected
to electrophoresis at 60W for an average of 100
minutes. Gels were transferred onto Whatman 3 MM
paper and dried, and autoradiography was performed
with Kodak X-OMAT film (Eastman Kodak, Rochester,
NY).
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