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Abstract. Small‑cell neuroendocrine carcinoma (NEC) of
the endometrium is an extremely rare and highly aggressive carcinoma. Sex‑determining region Y‑box 2 (SOX2)
is a master transcription factor regulating the self‑renewal,
maintenance of stem cell properties and pluripotency of
embryonic stem cells, and recent studies revealed that SOX2
plays important roles in cancer growth and progression in
several types of carcinomas, including small‑cell neuroendocrine carcinoma (NEC) of the lung and oesophagus. Few
studies to date have analysed the association between SOX2
and endometrioid carcinoma, whereas the expression of
SOX2 in small‑cell NEC of the endometrium has not been
investigated. The aim of the present study was to analyse the
expression status of SOX2, p16 and paired‑box gene (PAX) 8,
a useful Müllerian marker, in endometrial small‑cell NEC. A
total of 4 patients with small‑cell NEC of the endometrium
were enrolled (median age, 70 years). Immunohistochemical
studies revealed SOX2 expression in 3 patients and p16
expression in all patients. No patients exhibited positive
immunoreactivity for PAX8. SOX2 expression has been
reported to be associated with the pathogenesis of small‑cell
NEC of the oesophagus. Therefore, the results of the present
study indicated that SOX2 expression plays an important role
in the development of small‑cell NEC of the endometrium
and the oesophagus. Moreover, expression of p16 and loss
of PAX8 do not indicate the origin of small‑cell NEC of the
endometrium.
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Patients and samples. The pathology archives of Kansai
Medical University Hospital between January 2006
and December 2017 were reviewed. Patients with a
histopathological diagnosis of endometrial small‑cell NEC
were enrolled in the present study. The diagnosis of small‑cell
NEC was independently confirmed by two diagnostic
pathologists. The majority of the patients evaluated in the

and Laboratory Medicine, Kansai Medical University, 2‑5‑1 Shinmachi,
Hirakata, Osaka 573‑1010, Japan
E‑mail: ishidamt@hirakata.kmu.ac.jp
sex‑determining region Y‑box 2, p16, paired‑box gene 8

Neuroendocrine tumours rarely occur in the genital tract,
and endometrial neuroendocrine tumours in particular are
extremely rare. Neuroendocrine tumours are classified as
low-grade neuroendocrine tumour or high-grade neuroendocrine carcinoma (NEC), with the latter further subclassified
as small‑and large‑cell NEC (1). Approximately 100 cases of
small‑cell NEC of the endometrium have been reported in
the English language literature (2,3), and this type of tumour
shows an aggressive clinical course.
Sex‑determining region Y‑box 2 (SOX2) is a member of
the SOX family and is a master transcription factor of the
self‑renewal, maintenance of stem cell properties, and pluripotency of embryonic stem cells (4). Its expression is tightly
regulated during embryonic development. It has been reported
that SOX2 also plays important roles in cell survival and
cancer growth and progression in several types of carcinomas,
such as lung, breast, gastric and pancreatic cancers, as well as
malignant melanoma (5‑9).
A limited number of studies have addressed the role of
SOX2 expression in endometrial cancer (10‑12). A recent study
detected SOX2 expression in 17% of patients with endometrial carcinoma, which was significantly correlated with high
histological grade and poor prognosis (10). Moreover, a high
frequency of SOX2 expression has been reported in small‑ and
large‑cell NECs of the lung (5) and small‑cell NEC of the
oesophagus (13). However, its expression and significance in
small‑cell NEC of the endometrium have not been examined.
The aim of the present study was to analyse the expression
profiles of SOX2 in small‑cell NEC of the endometrium,
which were compared with those of p16 and paired‑box gene
(PAX) 8, a useful Müllerian marker.
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present study were also included in our previous study on
the cytological characteristics of endometrial small‑cell
NEC (14). Patients who had been administered preoperative
chemotherapy were excluded.
The present study was conducted in accordance with
the principles outlined in the Declaration of Helsinki, and
the study protocol was approved by the Institutional Review
Board of Kansai Medical University Hospital (approval
no. 2016646). The need for informed consent was waived due
to the retrospective design of the study.

PAX8 in the small‑cell NEC component, although the conventional endometrioid carcinoma component in case 4 showed
positive immunoreactivity for this marker.
Chromogranin A and synaptophysin expression was noted
in 4 and 3 cases, respectively.
Discussion

The present study demonstrated that SOX2 was expressed in
3 of 4 patients with small‑cell NEC of the endometrium (the
median proportion of positive neoplastic cells was 70% in
Immunohistochemistry. Formalin‑fixed and paraffin‑ positive patients), p16 was diffusely expressed in all cases, and
embedded blocks of resected specimens of small‑cell NEC none of the cases showed positive immunoreactivity for PAX8.
of the endometrium were cut into 4‑µm sections, deparafSOX2 is a transcription factor that plays an important
finized and rehydrated. Immunohistochemical analyses were role in the growth and progression of several types of
performed using autostainers (Discovery ULTRA System, carcinomas (5‑9). The role of SOX2 expression in small‑cell
Link 48; Roche Diagnostics, Dako Cytomation) according to NEC of some organs has been previously analysed (13,15).
the manufacturer's instructions. The primary antibodies used A recent study revealed high SOX2 expression in small‑cell
were mouse monoclonal antibody against chromogranin A NEC of the oesophagus and the lung, indicating that SOX2
(clone LK2H10, Cell Marque, dilution 1:500), mouse mono- plays a pivotal role in the development of small‑cell NEC
clonal antibody against p16 (clone. E6H4, Roche Diagnostics, in these locations (13). In the present study, 3 of 4 patients
prediluted), mouse monoclonal antibody against PAX8 with endometrial small‑cell NEC exhibited positive
(clone. PAX8R1, Abcam, dilution 1:100), rabbit polyclonal immunoreactivity for SOX2. Accordingly, SOX2 may play an
antibody against SOX2 (cat. no. PM056, Medial and Biological important role in the pathogenesis of small‑cell NEC of the
Laboratories Co., Ltd., dilution 1:500), and mouse monoclonal endometrium, lung and oesophagus, as only 17% of patients
antibody against synaptophysin (clone 27G12, Nichirei with conventional endometrial carcinoma, particularly those
Bioscience, prediluted). Immunohistochemical staining with high histological grade, express this marker (10).
of p16, PAX8 and SOX2 was quantitatively analysed as the
p16 plays important role in cell cycle regulation, and its
proportion of positive neoplastic cells. p16 expression was expression is observed in most cases of human papillomaevaluated as nuclear and/or cytoplasmic stainings, and PAX8 virus‑related cervical carcinoma (16). It is well‑known that
and SOX2 were evaluated as nuclear staining. The expression p16 is expressed in high‑grade endometrial carcinomas,
status of chromogranin A and synaptophysin was evaluated including serous carcinoma (16). The largest case series of
as the presence of positive neoplastic cells (more than 1%). small‑cell NEC of the endometrium revealed p16 expression in
Immunohistochemical staining results were independently 5/5 cases (2), which was consistent with the results obtained in
evaluated by at least two researchers.
the present study (4/4 cases); therefore, p16 expression appears
to be a common finding in high‑grade endometrial carcinomas,
Results
including small‑cell NEC. Moreover, p16 expression has been
reported in small‑cell NEC of cervical origin (17); therefore,
Clinicopathological characteristics. The present study positive immunoreactivity for this marker in small‑cell NEC
included 4 patients with small‑cell NEC of the endometrium. does not indicate cervical origin.
The clinicopathological characteristics of the present series
PAX8 is a transcription marker associated with the organoare summarized in Table I. The median age of the patients genesis of the Müllerian system, thyroid and kidney (18).
was 70 years (range, 61‑73 years). All the patients were Epithelial cells in the genital tract and conventional endomepost‑menopausal.
trioid carcinoma cells commonly express this marker (18).
The characteristic histopathological features of However, no samples from small‑cell NECs of the endometrium
small‑cell NEC are shown in Fig. 1. Diffuse proliferation exhibited positive immunoreactivity for PAX8 in the present
of neoplastic cells with round to oval nuclei showing a salt study, although the conventional endometrioid carcinoma
and pepper chromatin pattern and high nuclear/cytoplasmic component was positive in 1 case. This agrees with the results
ratio were observed. Mitotic figures (more than 10 mitotic of a previous study, in which PAX8 expression was detected
figures/10 high‑power fields) and apoptotic bodies were in 2/6 cases of small‑cell NEC of the endometrium (2). These
frequently observed. A conventional endometrioid carcinoma results suggest that loss of PAX8 may be a common finding in
component was detected in 1 patient (Case 4).
small‑cell NEC of the endometrium, and PAX8 is not a reliable marker of endometrial origin when diagnosing small‑cell
Immunohistochemical characteristics. The immunohis- NEC of unknown primary site (2).
tochemical results of the present study are summarized
In conclusion, the present study demonstrated that SOX2
in Table I. SOX2 was expressed in 3 of the 4 patients, and may play an important role in the development of small‑cell
the median percentage of positive neoplastic cells in positive NEC of the endometrium, as well as that of the lung and
patients was 70% (range, 30‑80%; Fig. 2A). p16 was expressed oesophagus. Expression of p16 or loss of PAX8 expression are
in all cases (100% of neoplastic cells in all cases; Fig. 2B). common findings associated with this type of tumour, and do
None of the cases exhibited positive immunoreactivity for not indicate the origin of small‑cell NEC. The present study
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Table I. Clinicopathological and immunohistochemical characteristics of small‑cell neuroendocrine carcinoma of the endometrium.

Case no.

Age (years)

1
2
3
4

Immunohistochemical
Endometrioid
characteristics
carcinoma 	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
component
SOX2 (%)
p16 (%)

73	‑	
72	‑	
61	‑	
68
+

70
30
80
0

100
100
100
100

PAX8 (%)

Chromogranin A

0
0
0
0

Synaptophysin

+
+
+	‑
+
+
+
+

SOX2, sex‑determining region Y‑box 2; PAX8, paired‑box gene 8.

Figure 1. Typical histopathological characteristics of small‑cell neuroendocrine carcinoma of the endometrium (case 3). Diffuse proliferation
of neoplastic cells with round to oval nuclei exhibiting a salt‑and‑pepper
chromatin pattern and lack of conspicuous nucleoli, with a high nuclear/cytoplasmic ratio. Non‑neoplastic atrophic endometrial glands are observed in
the lower left (haematoxylin and eosin staining; magnification, x100).

included a limited number of patients with small‑cell NEC
of the endometrium; therefore, additional studies are needed
to fully elucidate the expression profiles of immunohistochemical markers and pathogenesis of small‑cell NEC of the
endometrium.
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