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Summary

A 5-year-old female domestic shorthair cat was presented with abdominal distension and serum biochemical
evaluation indicated a high concentration of oestradiol (32.81 pg/ml). Exploratory laparotomy revealed a
large cystic mass in the right ovary with cystic fluid containing a high level of oestradiol (18.80 pg/ml).
The tumour was composed of immature neuroectodermal tissue, mature cartilage, smooth muscle, adipose
tissue and aggregated, poorly differentiated mesenchymal cells. It contained cysts of various sizes that were
lined by epithelium of different types. The basal layer of the lining epithelium was shown to express aroma-
tase by immunohistochemistry. The findings suggest that this was a novel, malignant, oestrogen-secreting
teratoma and that the aromatase-positive, neoplastic cells may have been the source of elevated levels of
serum oestrogen.

� 2016 Elsevier Ltd. All rights reserved.
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Teratomas are rare tumours composed of cells derived
from two or three germ layers showing various stages
of maturation. They develop multiple tissue types
that are foreign to the part of the body in which
they are located. Teratomas are categorized as
germ-cell tumours, which include germinoma,
embryonal carcinoma, endodermal sinus tumour
and choriocarcinoma, each of which represents the
neoplastic transformation of embryonic tissue
(Kennedy et al., 1998). The most common sites for
teratoma are the ovary and testis, but the tumour
also occurs less commonly in intracranial or retrobul-
bar locations. Descriptions of hormone-secreting tera-
tomas are limited to a human case of a malignant
oestrogen-secreting tumour arising from a mature
sacrococcygeal teratoma (Yoshida et al., 2011).
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The aromatase complex, which is also known as
aromatase cytochrome P450 protein, is a key
enzyme in steroidogenesis that catalyses the biosyn-
thesis of oestrogens from androgens. It also plays
important roles in sexual differentiation, fertility
and carcinogenesis (Bulun et al., 1994; Conley and
Hinshelwood, 2001; Subramanian et al., 2008).
Aromatase is expressed in a variety of human cells
and tissues, including the fetal brain, testicular
Leydig cells, placental syncytiotrophoblast, adipose
stromal cells in both males and females, and
ovarian granulosa and luteal cells (Conley and
Hinshelwood, 2001). In women, oestrogens are pro-
duced by aromatase-mediated catalysis of circu-
lating inactive steroids, which contributes to
tumour cell proliferation and malignancy in
hormone-dependent breast cancer (Subramanian
et al., 2008) and endometrial tumours (Bulun
et al., 1994).
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A 5-year-old female domestic shorthair cat was
admitted to the Family Animal Clinic, Nagareyama
City, ChibaPrefecture, Japan, with abdominal disten-
sion. On exploratory laparotomy, a large mass was
identified in the right ovary (13.5 � 10.5 � 8.0 cm).
The left ovary was reduced in size. There were no ab-
normalities of other abdominal viscera and the mass
was removed as part of a total ovariohysterectomy.
Samples of the mass, uterus and left ovary were fixed
in 10% neutral buffered formalin, processed routinely
and embedded in paraffin wax. Sections (5 mm) were
stained with haematoxylin and eosin (HE).

A laparotomy was conducted on three occasions
over the following 12 months, until the death of the
cat. Blood samples were collected prior to each lapa-
rotomy and at 14 days after the second laparotomy.
The concentrations of oestrogen and progesterone in
the blood, cystic fluid within the tumour and ascitic
fluid were measured by using the VIDAS Oestradiol
II and VIDAS Progesterone enzyme-linked fluores-
cence assay kits (Arkray, Kyoto, Japan) in a
SPOTCHEM VIDAS SV-5020 automated fluores-
cence immunochemistry analyser (Arkray). Biochem-
ical assay prior to the first laparotomy revealed a high
concentration of serum oestradiol (32.81 pg/ml,
normal <5.0 pg/ml) despite a lack of oestrus (Shille
et al., 1979) (Supplementary Fig. 1). In contrast, the
concentration of serum progesterone (1.83 ng/ml,
normal <1 ng/ml) was considered close to normal
(Shille et al., 1979) (Supplementary Fig. 1). The con-
centration of oestradiol in the cystic fluid from the
tumour was 18.80 pg/ml and that of progesterone
was 0.92 ng/ml. Seventy-seven days after the first lap-
arotomy, the cat again displayedabdominal distension
and poor appetite. Serum biochemistry indicated a
high concentration of oestradiol (41.73 pg/ml) and
an almost normal concentration of progesterone
(1.57 ng/ml) (Supplementary Fig. 1). The second lap-
arotomy revealed a large intra-abdominal mass
(17.0 � 8.0 � 4.0 cm) that was widely adherent to
the greater omentum. The mass was removed. Four-
teen days later, the concentration of serum oestradiol
reduced to 19.17 pg/ml. However, 40 days after the
second laparotomy, the cat exhibited anorexia and
was found to have high concentrations of oestradiol
in the serum (51.01 pg/ml) and ascitic fluid
(15.66 pg/ml), and a third laparotomywas conducted.
Numerous masses were found in the liver, greater
omentum and abdominal wall, and it was difficult to
remove all of them surgically. Bleomycin (10 mg/m2)
was administered at weekly intervals, but the cat
died 45 days later.

The masses removed during the second and third
laparotomies were fixed and processed as described
previously. Sections were subjected to immunohisto-
chemistry (IHC) using primary antibodies specific
for pancytokeratin (clone AE1/AE3, 1 in 200 dilution;
Dako, Glostrup, Denmark), cytochrome P450 aroma-
tase (aromatase; rabbit polyclonal, 1 in 4,000 dilu-
tion; Yoshida and Osawa, 1991), inhibin-a (rabbit
polyclonal, 1 in 50 dilution; AbD SeroTec, Kidling-
ton, UK), S100 protein (S100; rabbit polyclonal, 1
in 1,500 dilution; Dako), glial fibrillary acidic protein
(GFAP; rabbit polyclonal, 1 in 500 dilution; Dako),
nestin (rabbit polyclonal, 1 in 1,000 dilution; Merck
Millipore, Darmstadt, Germany) and a-smooth mus-
cle actin (aSMA; clone 1A4, 1 in 400 dilution; Dako).
After reaction with the specific primary antibodies at
4�C overnight, the sections were incubated with bio-
tinylated goat anti-mouse IgG or anti-rabbit IgG an-
tibodies (1 in 500 dilution; Dako), followed by
incubation with a 1 in 500 dilution of peroxidase-
conjugated streptavidin (Dako) at room temperature
for 30 min. Antibody binding was ‘visualized’ using
3,30-diaminobenzidine tetrahydrochloride and sec-
tions were counterstained with haematoxylin. For an-
tigen retrieval, the sections were autoclaved at 121�C
for 10 min in citrate buffer (pH 6.0) for sections
labelled for pancytokeratin, inhibin-a, S100, GFAP,
nestin and aSMA and in Target Retrieval Solution
pH 9.0 (Dako) for sections labelled for aromatase.
As a negative control, primary antibodies were
substituted with phosphate buffered saline. The
ovaries from a 4-year-old normal cat undergoing
routine ovariohysterectomy were used as a positive
control.

The ovarian mass was encapsulated with a smooth
glistening outer surface. On cross section it was
composed predominantly of grey to brown soft tissue,
and contained clear serous or mucinous small cysts of
varying size (2e15 mm diameter) with some haemor-
rhagic and necrotic foci.

The ovarian mass and the subsequent masses
removed at the second and third laparotomies were
identical histologically. They were composed pre-
dominantly of immature neuroectodermal tissue
that commonly exhibited primitive neuroepithelial
rosettes, accompanied by foci of mitotically-active
glial cells (Fig. 1). Neoplastic mesodermal tissue,
mature cartilage (Fig. 1), smooth muscle, adipose tis-
sue and aggregated, poorly differentiated, mesen-
chymal cells were present. Cysts of various sizes
were identified, lined by stratified squamous epithe-
lium (Fig. 2), ciliated pseudostratified epithelium
(Fig. 3) or vacuolated epithelium (Fig. 4). Although
the stratified squamous and ciliated pseudostratified
epithelial tissues resembled the epidermis and lining
of the respiratory tract, respectively, the vacuolated
epithelium was histologically unique. Mitotic figures
were noted (2e3 per �400 field) in the



Fig. 1. Ovarian teratoma in a cat showing primitive neuroectoder-
mal tissue exhibiting neuroepithelial rosettes (asterisk),
relatively mature cartilage (arrowheads), a small cyst (ar-
row) lined by stratified squamous epithelium and some
monolayered cysts. HE. Bar, 200 mm.

Fig. 2. Part of a cyst lined by keratinizing stratified squamous
epithelium. HE. Bar, 50 mm. Inset: aromatase immunore-
activity is evident in the basal cells. IHC. Bar, 50 mm.

Fig. 3. Part of a cyst lined by ciliated stratified epithelium with
accessory mucinous glands. HE. Bar, 50 mm. Inset: aroma-
tase immunoreactivity is seen in the basal cells. IHC. Bar,
50 mm.

Fig. 4. Part of a cyst lined by stratified vacuolated epithelium.HE.
Bar, 50 mm. Inset: aromatase positivity is evident in the
basal cells. IHC. Bar, 50 mm.
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neuroectodermal tissue, cysts and stromal tissues. The
left ovary appeared atrophic and was devoid of devel-
oped follicles.

Immunohistochemically, the neuroectodermal-
derived cell components were weakly positive for nes-
tin, S100 and/or GFAP. Immature cartilaginous and
smooth muscle cells were positive for S100 and a-
smooth muscle actin, respectively, and both were pos-
itive for vimentin. In contrast, the undifferentiated
mesenchymal cells were positive for vimentin only.
The cells lining all three types of cysts were positive
for cytokeratin AE1/AE3 and the basal epithelial cells
were aromatase positive (Figs. 2e4). In the normal
ovaries, aromatase was expressed in cells of the
granulosa and theca and the corpus luteum.
Inhibin-a was present in the granulosa cells of the
normal ovary, but was not detected in any of the
tumour cells. Based on these results, the tumour was
diagnosed as a malignant oestrogen-producing tera-
toma of the ovary.

The tumour consisted of predominant areas of
immature neuroepithelial cells showing rosette forma-
tion against a background of well-differentiated stro-
mal elements. Teratomas are classified into mature
or immature types, based on the degree of differentia-
tion. In general,mature types are ‘cystic’ and ‘benign’,
while immature types are ‘solid’ and ‘malignant’ (Prat
et al., 2014). In cats, several cases of mature teratoma
arising in the ovary have been reported (Basaraba
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et al., 1998; Sato et al., 2003). An immature teratoma
consisting of immature glial, epithelial and
cartilaginous tissues was reported in a unilateral
cryptorchid testis from a cat (Miyoshi et al., 2001).
Inman, almost all immature teratomas contain imma-
ture neuroectodermal tissue (Norris et al., 1976).
Moreover, immature teratoma is categorized as grades
1 (low) to 3 (high), according to the area occupied by
immature neuroepithelial tissue (Prat et al., 2014). If
this gradingwas applied to feline teratoma, the present
case may correspond to high-grade immature tera-
toma.The repeated recurrence of the present teratoma
over a short interval and its fatal transcoelomic spread
confirmed its malignant behaviour.

Oestrogen is secreted from the ovaries, testes, adre-
nal glands or functional tumours of these organs. In
the present case, despite removal of both ovaries dur-
ing the first surgery, the serum oestrogen concentra-
tion was again elevated prior to the second
laparotomy. The second surgery resulted in a transient
decrease in serum oestrogen, but the concentration
rose again just before the third surgery. The serumoes-
trogen concentrations were likely to have reflected
growth of the tumour. With regard to oestrogen-
secreting ovarian tumours in cats, granulosa cell tu-
mours are the most common (Gelberg and McEntee,
1985). However, in the present case, the possibility of
a granulosa cell tumour as a source of the oestrogen
was ruled out by the microscopical appearance of the
mass and the absence of expression of inhibin-a, which
is considered to be a specificmarker for granulosa cells.
The high concentration of oestradiol in the cystic fluid
from the tumour further suggested that the tumour
was the source of the oestradiol.

In the cysts lined by stratified squamous epithe-
lium, ciliated pseudostratified epithelium or stratified
vacuolated epithelium, the basal cells expressed aro-
matase, suggesting oestrogen synthesis and secretion
into the cysts. Aromatase activity has been detected
in the human fetal liver, brain and intestine, but is
highest in the placenta during pregnancy (Doody
and Carr, 1989). Likewise, given that aromatase
expression has been reported in normal epidermis
(Inoue et al., 2011), oral keratinocytes and oral squa-
mous cell carcinoma in people (Cheng et al., 2006); it
is possible that the stratified squamous cells lining the
cysts of this teratoma might have contributed to oes-
trogen synthesis. As demonstrated by the fact that
all tumour samples obtained from each laparotomy
contained these cystic structures, they can be consid-
ered one of the tumour elements rather than ovarian
remnants. This is the first report of a feline malignant
ovarian teratoma containing cells expressing aroma-
tase and associated with high serum oestradiol con-
centrations.
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