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Abstract: We evaluated the diagnostic value of hepatocyte nuclear factor 1 beta (HNF-1B) and napsin A for diag-
nosing ovarian clear cell carcinoma. Immunohistochemical EnVision was used to measure HNF-13 and napsin A
expression in 38 cases of ovarian clear cell carcinoma, 30 cases of high-grade serous carcinoma, 22 cases of
endometrioid adenocarcinoma, and 16 metastatic Krukenberg tumor cases. Then we found that HNF-1(3 appeared
in all ovarian clear cell carcinoma and was less common in high-grade serous and endometrioid adenocarcinoma
(P < 0.05). However, no significant difference in HNF-13 between clear cell carcinoma and metastatic Krukenberg
tumor was found (P > 0.05). Napsin A was expressed in 97.4% of ovarian clear cell carcinoma, 6.7% high-grade
serous carcinoma, 22.7% endometrioid adenocarcinoma, and 0% metastatic Krukenberg tumors. Napsin A in clear
cell carcinoma was greater than that found in high-grade serous carcinoma, endometrioid adenocarcinoma, and
metastatic Krukenberg tumor (P < 0.05). Sensitivity and specificity of HNF-13 and napsin A for diagnosing ovarian
clear cell carcinoma was 100% and 54.4%, and 97.4% and 89.7%, respectively. Sensitivity and specificity of HNF-1(3
and napsin A for diagnosing ovarian clear cell carcinoma was 97.4% and 91.2%, respectively. So it is concluded that
HNF-183 and napsin A are more sensitive than currently used markers for diagnosing ovarian clear cell carcinoma.
Moreover, napsin A is more specific than HNF-13. Combining HNF-1p and napsin A may distinguish clear cell carci-
noma from high-grade serous carcinoma, endometrioid adenocarcinoma and metastatic Krukenberg tumors.
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Introduction

Ovarian cancer is one of the most common
malignant tumors of the female reproductive
system. Using molecular pathogenic data, ovar-
ian cancer can be classified into types | and Il
Type Il ovarian cancer includes ovarian clear
cell carcinoma and high-grade ovarian serous
carcinoma and both have poor prognoses.
Moreover, ovarian clear cell carcinoma is insen-
sitive to cisplatin-based chemotherapy. The
typical histopathological features of ovarian
clear cell carcinoma are transparent and hob-
nail-like cells arranged in tubulocystic, papil-
lary, or solid structures. Nevertheless, ovarian
serous and endometrioid-like cancers may also

have clear cell changes. In addition, high-grade
ovarian serous carcinoma has papillary or hob-
nail-like structures. Thus, these cases are diffi-
cult to differentiate. Our previous work con-
firmed that HNF-13 had high diagnostic sensi-
tivity for the ovarian clear cell carcinoma but
low specificity [1]. Napsin A is an aspartic prote-
ase highly expressed in normal lung and kidney
tissues. It is mainly used for diagnosis and dif-
ferential diagnosis of lung adenocarcinoma.
Recent studies indicate that napsin A is
expressed in ovarian and endometrioid clear
cell carcinoma [2, 3]. However, a comparative
study of HNF-1B and napsin A expression in
ovarian clear cell carcinoma has not been
reported. Thus, we used immunohistochemical
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staining to measure expression of HNF-13 and
napsin A in ovarian cancer samples and evalu-
ated the diagnostic value of dual detection of
HNF-1B8 and napsin A in ovarian clear cell
carcinoma.

Materials and methods
Clinical data

A total of 106 archived cases of epithelial ovar-
ian cancers were collected. All these patients
had been treated with gynecologic surgery and
were diagnosed in the department of patholo-
gy, at the First Hospital of Nanjing and Nanjing
Maternity and Child Health Care Hospital,
Nanjing, China, from June 2006 to September
2014. Collected cases included 38 cases of
ovarian clear cell carcinoma, 30 cases of high-
grade serous carcinoma, 22 cases of endome-
trioid adenocarcinoma, and 16 cases of meta-
static Krukenberg tumor. Pathological diagno-
sis of all cases was confirmed by two senior
pathologists after reviewing tissue sections
under light microscopy. No case had a history
of preoperative chemotherapy or radiotherapy.

Methods

All histopathological specimens were fixed in
10% neutral buffered formalin, followed by par-
affin embedding and tissue sectioning (5-um
thickness). Immunohistochemistry using the
EnVision method was performed following anti-
gen retrieval. All tissue sections were sub-
merged in a citrate buffer (pH 6.0) and heated
in a pressure cooker during antigen retrieval.
Immunohistochemical staining was carried out
in a Benchmarker instrument according to the
operating instructions provided by the manu-
facturer. Among the total mouse anti-human
HNF-13 monoclonal antibody purchased from
Santa Cruz Biotechnology, Inc (Dallas, TX).
Antibody was diluted to 1:200. And mouse anti-
human napsin A monoclonal antibody pur-
chased from Dako (Agilent Technologies, Santa
Clara, CA) was ready to use. Tissue sections
with known HNF-1p positive staining was used
as a positive control for anti-HNF-1[3, and tissue
sections of lung adenocarcinoma was used as
a positive control for anti-napsin A; PBS
replaced primary antibodies on corresponding
tissue sections as negative controls for anti-
HNF-18 and anti-napsin A. Diaminobenzidine
(DAB) coloring and hematoxylin counterstaining
were performed prior to microscopic analysis.
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Result analysis

Positive staining of nuclear HNF-13 was based
on staining intensity and percent positive cells.
Staining intensity of HNF-1(3 was scored as fol-
lows: no staining (Score 0), light yellow (Score
1), yellow (Score 2), brownish yellow (Score 3),
and brown (Score 4). Next, when the percent of
HNF-1B positive cells < 5%, the tumor was
scored as 0, 5-25% positivity was scored as 1,
26-50% positivity was scored as 2, and > 50%
positivity was scored as 3. Staining scores and
percent positive cells were summed to obtain a
total immunostaining score. When HNF-13
immunostaining scores > 2, this was defined as
positive staining. Positive staining of napsin A
was granular and localized to the cytoplasm.
Staining intensity of napsin A was ranked as fol-
lows: no/negative staining (0), light yellow (1+),
and brownish yellow (2+). To facilitate analysis
of napsin A, we only considered the staining
intensity but not the percent positive cells (i.e.,
any positive staining (> 0) was considered to be
napsin A positive) in tissue sections.

Statistical analysis

All data were statistically analyzed using the
SPSS 20.0 software (SPSS, Chicago, IL). HNF-
1B and napsin A positive rates in different
tumor types were calculated using x*test or
Fisher’'s exact method. A p-value of less than
0.05 was considered statistically significant.

Results
HNF-1[3 expression in ovarian cancer

All 38 cases of ovarian clear cell carcinoma had
different amounts of HNF-13 nuclear staining
and this was 100% positive. Of the 38 cases,
24 cases scored 7 for immunostaining; 10
cases scored 6; 2 cases scored 4, and 2 cases
scored 3. Of the 30 cases of high-grade ovarian
serous carcinoma, 4 cases expressed HNF-13
(13.3% positive). Of the 22 cases of endometri-
oid adenocarcinoma, 11 cases expressed HNF-
1B (50% positive). All 16 cases of Krukenberg
tumor expressed HNF-1( (100% positive). HNF-
183 positivity in ovarian clear cell carcinoma was
significantly higher than ovarian serous carci-
noma and endometrioid adenocarcinoma (P <
0.05). However, no significant difference in
HNF-13 positivity was found between ovarian
clear cell carcinoma and Krukenberg tumor
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Figure 1. HNF-103 and napsin (A) protein expression was observed in the nuclear and cytoplasm of ovarian clear
cell carcinoma by EnVision immunohistochemistry. In (A) ovarian clear cell carcinoma, (B) HNF-13 expression was
observed in the nuclear, (C) napsin (A) expression was observed in the cytoplasm (Magnification, x 200).

Figure 2. HNF-13 protein expression was observed in the nuclear of others ovarian neoplasm. In (A) high-grade ovar-
ian serous carcinoma, (B) endometrioid adenocarcinoma, (C) krukenberg tumor (Magnification, x 200).

Table 1. HNF-18 and napsin A expression in ovarian cancer

positivity in ovarian clear

Sample HNF-1B

napsin A cell carcinoma was signifi-

Histological type number  + (%)

+ (%) R cantly higher than in ovari-

Ovarian clear cell carcinoma 38 38 (100)
Ovarian serous carcinoma 30 4 (13.3)
Endometrioid adenocarcinoma 22 11 (50.0)
Krukenberg tumor 16 16 (100)

0 37(974) 1

11 5(22.7) 17

an serous carcinoma, endo-
metrioid adenocarcinoma
and Krukenberg tumor (P <
0.05). Table 1 shows nap-
sin A expression in different

2(6.7) 28

0(0) 16

samples (P > 0.05). HNF-1B3 expression in dif-
ferent types of ovarian cancer is shown in
Figures 1, 2 and Table 1.

Napsin A expression in ovarian cancer

Figures 1 and 3 shows cytoplasmic expression
of napsin A in tumor cells. Of the 38 cases of
ovarian clear cell carcinoma, 37 cases were
positive for napsin A (97.4% positive). Of the 30
cases of high-grade ovarian serous carcinoma,
only 2 cases were positive for napsin A (6.7%
positive). Of the 22 cases of endometrioid ade-
nocarcinoma, 5 cases expressed napsin A
(22.7% positive). Of the 16 cases of Krukenberg
tumor, all were negative for napsin A. Napsin A

8307

types of ovarian cancer.

Diagnostic sensitivity and specificity of HNF-13
and napsin A in ovarian clear cell carcinoma

Diagnostic sensitivity and specificity of HNF-13
in ovarian clear cell carcinoma were 100% and
54.4%, respectively. Diagnostic sensitivity and
specificity of napsin A in ovarian clear cell carci-
noma were 97.4% and 89.7%, respectively. It
was observed that 37 cases of ovarian clear
cell carcinoma, 1 cases of high-grade serous
carcinoma and 5 cases of endometrioid adeno-
carcinoma expressed HNF-13 and napsin A.
Diagnostic sensitivity and specificity of HNF-13
and napsin A double positivity in ovarian clear
cell carcinoma were 97.4% and 91.2%, respec-
tively.
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Figure 3. napsin (A) protein expression was observed in the cytoplasm of others ovarian neoplasm. In (A) high-grade
ovarian serous carcinoma, (B) endometrioid adenocarcinoma, (C) krukenberg tumor (Magnification, x 200).

Discussion

Ovarian clear cell carcinoma accounted for
5-6% of the ovarian malignant tumors [4]. The
typical features of ovarian clear cell carcinoma
are tubular, cystic, papillary, and solid struc-
tures. These tumor cells have hobnail features,
and the cytoplasm is transparent and bright.
Many studies indicate that ovarian clear cell
carcinoma has a unique, aggressive biological
behavior. Compared with other ovarian can-
cers, ovarian clear cell carcinoma responded
poorly to cisplatin [5]. Papillary structures and
clear cell features of ovarian clear cell carcino-
ma were also present in ovarian serous carci-
noma and endometrioid adenocarcinoma.
Hence, a correct diagnosis of ovarian clear cell
carcinoma is essential for clinical treatment
plans.

HNF-1B is a transcription factor involved in
embryonic organ development (liver, kidneys,
pancreas, and Mullerian/Woolfian ducts) [6-8].
It is also a regulatory factor for glucose homeo-
stasis [9]. Tsuchyia’s group applied real-time
quantitative PCR, Western blot, and immuno-
histochemistry to confirm that HNF-1p3 is a spe-
cific marker for ovarian clear cell carcinoma
[10]. Subsequently, Kato and colleagues con-
firmed that HNF-13 was a suitable marker for
identification of benign, borderline, and malig-
nant ovarian clear cell neoplasms [11]. Given
the clear cell changes in ovarian serous carci-
noma and endometrioid carcinoma, Kao [12]
and Delair [13] performed HNF-13 immunohis-
tochemical staining in ovarian clear cell carci-
noma and ovarian serous cancer and endome-
trioid carcinoma with clear cell changes (also
called mixed serous and clear cell carcinoma)
and confirmed that HNF-13 was not only a sen-
sitive and specific marker for ovarian clear cell
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carcinoma, but could also verify that mixed
serous and clear cell carcinoma accompanied
by the changes of clear cells in ovarian serous
carcinoma. Using cytological specimens,
Higashiguchi and colleagues reported that
HNF-13 was specifically expressed in clear cell
carcinoma and may be a differential diagnostic
marker for identifying clear cell carcinoma from
mesothelial cells [14]. However, Higashiguchi’'s
group found four cases of endometrioid-like
cancers also expressing HNF-1B3. Here, we
report that HNF-13 was expressed in all ovarian
clear cell carcinoma. However, 22.7% of en-
dometrioid adenocarcinoma samples also
expressed HNF-1[3, data that were consistent
with results from Higashiguchi’'s work. HNF-1(3
positivity in endometrioid adenocarcinoma is
likely due to sharing common pathogenic pro-
cess with clear cell carcinoma; they are both
related to endometriosis. Metastatic ovarian
Krukenberg tumors can be misdiagnosed as
ovarian clear cell carcinomas, when there is a
lack of clinical history, tumor cells from glandu-
lar ducts or diffused solid lesions, and the cyto-
plasm of tumor cells become transparent.
Therefore, we also included cases of metastat-
ic ovarian Krukenberg tumor and report that
100% of the cases expressed HNF-13. Although
we confirmed that HNF-1p3 was a highly sensi-
tive marker for ovarian clear cell carcinoma,
because of the high expression of HNF-1f3 in
metastatic ovarian Krukenberg tumors, data
interpretation should always rely on a com-
bination of staining results and clinical
observations.

Napsin A is a member of the aspartic protease
family and plays an important role in matura-
tion of surfactant protein B. Under normal con-
ditions, napsin A is chiefly expressed in the
cytoplasm of type Il alveolar cells and macro-
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phages in the lung. In pathological conditions,
napsin A is a sensitive marker for lung adeno-
carcinoma that has been used with thyroid
transcription factor 1 (TTF1) for the differential
diagnosis of lung adenocarcinoma and squa-
mous cell carcinoma [15]. Recent studies indi-
cate showed that napsin A was highly positively
expressed in ovarian clear cell carcinoma.
Skirnisdottir's group studied napsin A expres-
sion in 15 cases of ovarian clear cell carcinoma
(type | = 40 cases; type Il = 75 cases) and
reported that 80% of the ovarian clear cell car-
cinomas had positive expression of napsin A;
while only 4% of type | and type Il ovarian can-
cers were positive for napsin A expression [3].
Yamashita and colleagues reported that 83%
of ovarian clear cell carcinoma and 100% of
clear cell adenofibroma were positive expres-
sion for napsin A [16]. None of the non-clear
cell carcinomas (i.e., 30 cases of serous adeno-
carcinoma, 11 cases of serous adenoma and
borderline tumor, 19 cases of endometrioid
adenocarcinoma, 22 cases of mucinous ade-
noma and borderline tumor; 10 cases of muci-
nous adenocarcinoma, and 3 cases of yolk sac
tumor) expressed napsin A. Similarly, Kandalaft
and co-workers reported that napsin A expres-
sion occurred in 100% of ovarian clear cell car-
cinoma sample but not in serous borderline
tumor and high-grade serous carcinomas [17].
In addition, napsin A was expressed focally in
10% of endometrioid adenocarcinomas. In our
work, 97.4% of ovarian clear cell carcinoma
samples expressed napsin A, which was great-
er than expression in serous carcinoma (6.7%)
and endometrioid adenocarcinoma (22.7%).
And the same time, there was no metastatic
Krukenberg tumors expressed napsin A. Thus,
napsin A appears to be a sensitive marker for
diagnosing ovarian clear cell carcinoma. It can
be used to distinguish ovarian clear cell carci-
noma from serous carcinoma, endometrioid-
like cancers and metastatic Krukenberg tumors
as well.

Here we compared the diagnostic sensitivity
and specificity of HNF-13 and napsin A in ovari-
an clear cell carcinoma and confirmed that the
diagnostic sensitivity of HNF-13 in ovarian clear
cell carcinoma was slightly higher than napsin
A. However, the diagnostic specificity of HNF-13
in ovarian clear cell carcinoma was lower than
napsin A. Positive expression of both HNF-13
and napsin A indicated had diagnostic sensitiv-
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ity and specificity in ovarian clear cell carcino-
ma, suggesting that dual detection may signifi-
cantly improve accuracy of diagnosis for ovari-
an clear cell carcinoma.

To conclude, this study indicated that HNF-13
and napsin A were sensitive markers for diag-
nosing ovarian clear cell carcinoma. Combined
marker detection may be useful for distingui-
shing between ovarian clear cell carcinoma and
high-grade ovarian serous carcinoma/end-
ometrioid adenocarcinoma and metastatic
Krukenberg tumor.
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