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Ascitic cytological diagnosis is critical, but ovarian adenocarcinoma
cells and reactive mesothelial cells can be difficult to distinguish
because they usually have atypical cell nuclei and increased nuclear/
cytoplasmic ratios. Previous studies using DNA microarrays
have demonstrated that hepatocyte nuclear factor-1ββββ (HNF-1ββββ) is
expressed specifically in clear cell adenocarcinoma (CCC). Thus, in
the present study, we investigated the usefulness of HNF-1ββββ as an
immunocytochemical diagnostic marker of CCC in ascitic specimens.
We first confirmed that HNF-1ββββ expression levels were significantly
higher in CCC than in non-CCC (i.e. serous adenocarcinoma, mucinous
adenocarcinoma and endometrioid adenocarcinoma) in 55 surgical
specimens at both the mRNA (P < 0.05) and protein (P < 0.05) levels
by real-time polymerase chain reaction and immunohistochemistry,
respectively. Immunocytochemistry of 60 cytological specimens showed
significant positivity in CCC cases whereas all non-CCC cells, except
for three endometrioid adenocaricnoma cases, and mesothelial cells in
the background stained negatively for anti-HNF-1ββββ antibody (P < 0.05).
The sensitivity and specificity were calculated to be 0.955 and 0.921,
respectively. Immmunostaining patterns of HNF-1ββββ on cytological
specimens were similar to those observed on histopathological ovarian
specimens from the same patients. Double immunohistochemical
staining using anti-HNF-1ββββ antibody and HBME-1, a mesothelium-
specific monoclonal antibody, confirmed that anti-HNF-1ββββ antibody
distinguished CCC cells and mesothelial cells. In conclusion, our findings
indicate the specific expression of HNF-1ββββ in ovarian CCC and possible
clinical applications of HNF-1ββββ immunocytochemical staining for
the differential cytopathological diagnosis of CCC from non-CCC, as
well as from mesothelial cells using cytological specimens from
ovarian carcinoma patients. (Cancer Sci 2007; 98: 387–391)

Ovarian adenocarcinomas have the worst prognosis of any
gynecological carcinoma(1–3) because they are usually not

detected until late, leading to dissemination in the abdominal
peritoneum mediated by ascites.(4–6) The early detection of
ovarian carcinoma is made difficult by a lack of symptoms,(7)

other than abdominal distention caused by a huge ovarian mass
and ascites. Sometimes, massive ascites is a solitary symptom
lacking for primary tumors. Ascitic cytological diagnosis is very
important in inoperable cases, recurrent cases and cases in
which primary tumors are unclear.

Ovarian adenocarcinomas are classified into four major
histological types on the basis of morphological criteria: serous
adenocarcinoma, mucinous adenocarcinoma, endometrioid
adenocarcinoma, and CCC.(8) CCC has a worse prognosis than
any other ovarian carcinoma because of its low chemosensitiv-
ity,(9) even though it is usually detected at an early stage.(10) CCC
is much more frequent among Japanese women than European
and American women. CCC accounts for approximately 21% of
ovarian adenocarcinomas in Japan and approximately 7.5% in
most Western countries.(11)

The distinction of each pathological type on Papanicolaou-
stained specimens is approached based on cytological features.
However, cytological differential diagnosis between CCC cells
and non-CCC cells is often difficult because floating cells in ascites
are likely to be degenerated. Moreover, reactive mesothelial
cells in ascites resemble adenocarcinoma cells in that they have
obvious nucleoli, high mitotic rate, increased nuclear/cytoplas-
mic ratio with irregular chromatin clumping and vary in shape
and size,(12–15) causing an indefinite diagnosis. Thus, an immuno-
histochemical marker in ascites would aid cytological diagnosis.

HNF-1β is a transcription factor that regulates the expression
of liver-specific proteins such as albumin and α-fetoprotein in
adult mammals and controls the growth and differentiation of
the liver and kidney in the fetus.(16,17) We and Schwartz et al.
previously revealed that HNF-1β is expressed at much higher
levels in CCC than in other types of ovarian carcinoma by using
a DNA microarray,(18,19) and have shown that HNF-1β is a potential
immunohistochemical marker for surgical specimens.(18,20) Here
we have examined the usefulness of HNF-1β as an immunocyto-
chemical marker of CCC cells in ascites of ovarian carcinomas.

Materials and Methods

Clinical specimens. We evaluated 60 cytological specimens of
malignant ascites arising from ovarian carcinomas (including 22
CCC, 24 serous adenocarcinomas, four mucinous adenocarcinomas
and 10 endometrioid adenocarcinomas) from patients who under-
went surgery at Keio University Hospital from 1995 to 2004; and
55 surgical specimens of ovarian carcinomas (including 21 CCC,
14 serous adenocarcinomas, eight mucinous adenocarcinomas
and seven endometrioid adenocarcinomas) obtained from 2003
to 2005.

The final diagnosis of the histological type of ovarian carcinoma
was based on histopathological and/or cytopathological findings.
Histopathological features were as follows: for serous adenocarci-
noma, malignant cells resembling epithelial cells of the ovitube
and ovarian surface; for mucinous adenocarcinoma, tall, mucin-
rich malignant cells resembling epithelial cells of the uterine
endocervix and intestines; for endometrioid adenocarcinoma,
endometrioid malignant cells; and for clear cell adenocarcinoma,
glycogen-rich ‘clear’ cells and/or ‘hobnail’-type cells whose
nuclei projected to the cavity of the glands.(21) Cytopathological
features were as follows: for serous adenocarcinoma, cells with
a fairly high nuclear/cytoplasmic ratio and severely dysplatic
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nuclei forming small cell clusters because of loose connections;
for mucinous adenocarcinoma, cells that are columnar and produce
much mucin in the cytoplasm resulting in multiple vacuoles; for
endometrioid adenocarcinoma, cells with mildly atypical nuclei
and scanty cytoplasm forming large cell clusters resembling
endometrial glands; for CCC, cells with a rich ‘clear’ cytoplasm
containing glycogen and severely atypical nuclei with a few
obvious nucleoli forming a ‘mirror ball’ pattern or raspberry
body.(12–15)

The present study was approved by the ethics committee of
the Keio University (Tokyo, Japan). All patients who underwent
operations after 2003 were well informed and gave written consent
for the investigations.

RNA extraction, reverse transcription and quantitative real-time PCR.
The optimal cutting temperature compound-embedded frozen
sections of surgically resected specimens were prepared, and
one of the sections was stained with hematoxylin and eosin.
According to the microscopic findings, the necrotic tissue and
stroma were removed as thoroughly as possible. Total RNA
was isolated from these frozen sections and cell lines using the
ISOGEN Reagent (Wako Pure Chemical Industries, Japan) and
contaminating genomic DNA was removed using DNaseI
(Roche, Germany). Reverse transcription was done using a
First-Strand cDNA Synthesis Kit (Amersham Biosciences,
UK) with the random primer contained in the kit following the
manufacturer’s directions.

Quantitative real-time PCR analysis was carried out using the ABI
PRISM 7000 Sequence Detection System (Applied Biosystems,
USA) with SYBR remix Ex Taq (Takara Bio, Japan) according
to the manufacturer’s instructions. We used a PCR consisting of an
initial denaturation at 94°C for 10 s, and 40 cycles of amplification
at an annealing temperature of 60°C. The primer sequences used
were as follows: human HNF-1β sense, 5′-GCCCACACACCA-
CTTACTTCG-3′, and antisense, 5′-GTCCGTCAGGTAAGCAG-
GGAC-3′; and human GAPDH sense, 5′-GAAGGTGAAGGTCG-
GAGTC-3′, and antisense, 5′-GAAGATGGTGATGGGATTTC-3′.
The GAPDH gene was the endogenous control for mRNA
expression levels. Levels of mRNA in each tumor sample were
normalized on the basis of the corresponding GAPDH level and
recorded as a relative value. PCR amplification was carried out
in triplicate for each sample.

Immunohistochemistry. The 10% formalin-fixed paraffin-embedded
tissue was deparaffinized and rehydrated before it was auto-
claved in citrate buffer (pH 7.0) for 10 min at 120°C and then
incubated in 0.03% H2O2 in 95% methanol at room temperature
for 20 min. After the slides were rinsed three times with PBS,
blocking was carried out in the 1.5% normal rabbit serum for
30 min at room temperature. This was followed by incubation
with an antihuman HNF-1β goat polyclonal antibody (sc-7411;
Santa Cruz Biotechnology, USA) diluted 1:100 in 1% bovine
serum albumin in PBS as a primary antibody at 4°C overnight.
The slides were rinsed three times in PBS and incubated for
30 min with biotinylated rabbit antigoat immunoglobulin as the
secondary antibody (Vector Laboratories, USA). Subsequently,
they were incubated for 30 min with the avidin–biotin–peroxidase
complex attached to a Vectastain ABC kit (Vector Laboratories).
The slides were rinsed three times in PBS, then incubated for
5 min in DAB/Tris solution (three DAB/Tris tablets diluted in
150 mL distilled water; Muto Pure Chemicals, Japan) to which
was added 15 µL of 30% H2O2. Finally, the slides were counter-
stained with Mayer’s hematoxylin after three rinses in PBS.

Staining with the anti-HNF-1β antibody in the cell nuclei was
classified into six grades (≥75%, 5; 51–75%, 4; 26–50%, 3; 6–
25%, 2; 1–5%, 1; ≤1%, 0). More than 100 cancer cells were
counted. Nuclei that were stained strongly and recognizable
microscopically even at low power were judged as positive.
Faint staining that was barely recognized at low power was
judged as negative.

Immunocytochemistry. Malignant ascites freshly removed from
2003 to 2004 was centrifuged and the supernatant was discarded.
The rest was resolved with 10 mL PBS and further processed by
Ficoll (IBL, Japan) and centrifuged onto microscopic slides.
The slides were then dried and the cells were placed on them
before being fixed with 95% ethanol. The archival (1995–2002)
cytological slides with Papanicolaou’s staining were decolo-
rized in a mixture of 1% hydrogen chloride and 70% ethanol
overnight.

All cytological specimens mentioned above were boiled for
10 min in citrate buffer (pH 7.0). After cooling at room tem-
perature, the slides were rinsed with PBS. Blocking and staining
were carried out as described above. The slides were then incu-
bated for 5 min in a DAB/Tris solution containing 15 µL of 30%
H2O2, 97.5 mg sodium azide and 1.35 g sodium chloride. Finally,
the slides were counterstained with Mayer’s hematoxylin after
being rinsed three times in PBS. Staining of the cytological
specimens was classified in the same manner as the surgical
specimens mentioned above.

Double immunocytochemical staining using anti-HNF-1β
antibody and HBME-1 (DAKO, USA), a mesothelium-specific
monoclonal antibody,(21) a Histofine New Fuchsin Substrate
Kit (Nichirei Corporation, Japan), and Fast Blue RR Salt
(Sigma Chemicals, USA) for color developing, were carried out
on both ascitic cytological specimens of patients with CCC and
1:100 mixed-cell samples of a CCC-derived cell line, and
mesothelial cells.

Mesothelial cells and a CCC cell line. Separation of the meso-
thelial cells from resected omentum was done according to a
method described previously.(22) All cells were used at passages
2–5. RMG-I cell lines, established previously from ascites of a
patient with CCC in our laboratory,(23) were cultured in F-12
supplemented with 10% fetal bovine serum, 100 IU/mL ampicillin,
and 100 µg/mL streptomycin in a humidified atmosphere of 5%
CO2 and 95% air at 37°C.

Statistical analysis. We analyzed all of the data using the
Statcel statistical program (OMC, Japan), then evaluated the statis-
tical significance using Mann–Whitney’s U-test. We considered
P < 0.05 to be statistically significant.

Results

Expression of HNF-1ββββ in surgical specimens. We first examined
the expression of HNF-1β mRNA in human ovarian carcinoma
tissues using quantitative real-time PCR in order to confirm the
specific expression of HNF-1β in CCC. Figure 1 shows the
relationship between the relative expression of HNF-1β mRNA
normalized to that of GAPDH and histological types of ovarian
carcinomas. In 21 CCC, nine (36.7%) were given HNF-1β :
GAPDH mRNA ratios of 3.0 or higher, whereas all 14 serous
adenocarcinomas, eight mucinous adenocarcinomas and 12
endometrioid adenocarcinomas were given HNF-1β : GAPDH
mRNA ratios of lower than 3.0. Four (19.0%) CCC and four
(33.3%) endometrioid adenicarcinomas were given HNF-1β :
GAPDH mRNA ratios of 1.0 through 3.0. A significant
difference was recognized between CCC (4.00 ± 5.38) and non-
CCC (0.38 ± 0.69) (P < 0.01 or P < 0.05 by Mann–Whitney’s
U-test) similar to the data obtained with the DNA microarray
described previously.(18)

The immunohistochemical expression of HNF-1β on formalin-
fixed paraffin-embedded histological specimens of patients whose
fresh-frozen tissue was used in the above quantitative real-time
PCR analysis was then examined (Fig. 2). The same trend was
recognized in both the immunohistochemical and mRNA expression
of HNF-1β. That is, in 21 CCC cases, 10 (47.6%) were given a score
of 4 or 5, five (23.8%) were given a score of 2 or 3, and only
six (28.6%) were given a score of 0 or 1, whereas 14 serous
adenocarcinomas and eight mucinous adenocarcinomas were always
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given a score of 0. Of 12 endometrioid adenocarcinomas, four and
eight were given scores of 1 and 0, respectively. The immunostain-
ing scores for CCC were significantly higher than those for other
histologies (P < 0.01 by Mann–Whitney’s U-test). Because these

scores were variables of category, they need not compare mean
values of these scores between CCC and non-CCC.

Expression of HNF-1ββββ protein in cytological specimens. In order to
assess the usefulness of the application of HNF-1β on
cytological specimens, immunocytochemistry was carried out.
Specimens from 17 cases were used for both immunocyto-
chemistry and immunohistochemistry. Similarly to the surgical
specimens, HNF-1β was expressed diffusely in the nuclei of
cytological specimens of CCC but not in those of non-CCC
(Fig. 3). The immunohistochemical and immunocytochemical
scores in the same case did not always give the same score;
however, a significant correlation was shown by Spearman’s
rank correlation test between the scores of immunohisto-
chemistry and immunocytochemistry in the 17 cases (P < 0.01;
correlation rate = 0.94). In total, 60 cases were analyzed and
anti-HNF-1β antibody stained only the cell nuclei in CCC in
the ascitic cytological specimens, except in three cases of
endometrioid adenocarcinoma in which anti-HNF-1β antibody
stained focally in the nuclei (Fig. 4). In all 60 cases, more than

Fig. 1. Relative expression of hepatocyte nuclear factor-1β (HNF-1β)
mRNA. Levels of HNF-1β mRNA in 55 ovarian carcinoma specimens
(C, clear cell adenocarcinoma, n = 21; E, endometrioid adenocarcinoma,
n = 12; M, mucinous adenocarcinoma, n = 8; S, serous adenocarcinoma,
n = 14) were normalized with human glyceraldehyde-3-phosphate
dehydrogenase expression. The bars indicate the average expression
level of HNF-1β in each group. A significant difference was recognized
between ovarian clear cell adenocarcinomas (CCC) and each type of
non-CCC. *P < 0.01, **P < 0.05; by Mann–Whittney’s U-test.

Fig. 2. Hepatocyte nuclear factor-1β (HNF-1β) immunostaining scores
of surgical specimens. Specimens from the same patients (n = 55) as in
Fig. 1 (C, clear cell adenocarcinoma, n = 21; E, endometrioid adeno-
carcinoma, n = 12; M, mucinous adenocarcinoma, n = 8; S, serous
adenocarcinoma, n = 14) were analyzed. Each specimen was classified
according to the percentage of cells with positive nuclei. The bars
indicate the average score for each group. The immunostaining scores
for ovarian clear cell adenocarcinomas were significantly higher than
those for other histologies. *P < 0.01; by Mann–Whittney’s U-test.

Fig. 3. Immunostaining of ascitic and surgical specimens using anti-
hepatocyte nuclear factor-1β (HNF-1β) antibody. The ascitic cytological
(a–d) and surgical (e–h) specimens from four patients with ovarian
clear cell adenocarcinoma (a,e), serous adenocarcinoma (b,f), mucinous
adenocarcinoma (c,g) and endometrioid adenocarcinoma (d,h) are
shown. Anti-HNF-1β antibody showed positive staining for only the cell
nuclei of ovarian clear cell adenocarcinomas, and not those of serous
adenocarcinoma, mucinous adenocarcinoma or endometrioid
adenocarcinoma. Representative mesothelial cells in the slides of ascitic
cytological specimens are indicated with arrows (a,c,d). Scale bar: (a–c)
50 µm; (d–h) 100 µm.
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100 mesothelial cells for each case were examined and no cells
were stained by the antibody (Fig. 3). Of 22 CCC, 21 (95.5%)
showed score 2 or higher whereas 24 serous adenocarcinomas
and four mucinous adenocarcinomas, and 10 endometrioid
adenocarcinomas always showed score 0 or 1. The immuno-
staining scores for CCC (3.46 ± 1.69) were significantly higher
than those for other histologies (0.08 ± 0.28) (P < 0.05 by
Mann–Whitney’s U-test; Fig. 4). Because the five percentile of
the immunostaining scores for CCC was 0.08 and the 95
percentile of the immunostaining scores for non-CCC was 0.64,
the HNF-1β immunostaining score 0 was defined as negative
and score 1 and over were defined as positive. According to
the definition, the sensitivity and specificity were calculated as
0.955 and 0.921, respectively.

Differentiating between CCC and mesothelial cells. In order to con-
firm the in vivo findings of clinical cases, we conducted an
in vitro analysis using CCC and mesothelial cells. Anti-HNF-1β
antibody stained the nuclei of CCC cells but not mesothelial
cells, whereas mesothelial cells were stained by the HBME-1
antibody in the cytoplasm. The same reciprocal pattern of
staining was observed in the clinical cytological specimens of
CCC patients with double immunostaining (Fig. 5).

Discussion

In the present study, we first confirmed the specific expression
of HNF-1β in CCC in surgical specimens using real-time
quantitative PCR and immunohistochemistry. The results were
consistent with previous findings based on immunohisto-
chemistry.(18,20) At present, the potential causes of the over-
expression of HNF-1β in CCC are not clear. Hirasawa et al.
demonstrated the amplification of 17q21–24 in 40% (8/20)
of CCC cases using the comparative genomic hybridization
technique.(24) Because HNF-1β is located at 17cen-17q23, this
amplification might upregulate its expression. Terasawa et al.
carried out methylation profiling of HNF-1β among cases of
ovarian carcinomas and revealed epigenetic deletions of HNF-
1β in 41.4% of serous adenocarcinoma cases, 25.0% of mucinous
adenocarcinoma cases, 28.6% of endometrioid adenocarcinoma
cases and 0% of CCC cases.(25) This epigenetic mechanism also
might contribute to HNF-1β expression in CCC.

HNF-1β expression was closely related to histological type
based on morphological features, though the function of HNF-
1β in CCC is not clear. Cheng et al. reported that homeobox
genes, which have a homeodomain just like HNF-1β, played
pivotal roles in the peculiar histology of ovarian epithelial ade-
nocarcinomas except CCC.(26) HNF-1β has been reported to act
antagonistically toward HNF-1α,(27) which increases expression
of sodium-glucose cotransporter 1,(28) glucose 6-phosphate trans-
porter, and glucose 6-phosphatase.(29) Given that glycogen storage
was shown in the hepatocytes of HNF-1α-null and mutant,(29,30)

HNF-1β overexpression might cause clear cytoplasm character-
istics. In addition, we previously reported that HNF-1β might
associate with an antiapoptotic function of CCC.(18)

We further assessed the usefulness of the application of HNF-1β
to cytological specimens by immunocytochemistry. In 17 cases
that were used for both immunohistochemistry and immuno-
cytochemistry, similar staining with the anti-HNF-1β antibody
was demonstrated in both cytological specimens and surgical
specimens of the same patient. Similar to the results for surgical
specimens, the majority of cytological specimens of CCC cases were
classified with a score of 4 and 5, whereas all non-CCC cases

Fig. 5. Immunochemical discrimination between ovarian clear cell adenocarcinoma cells and mesothelial cells. The cytospin of (a) RMG-I cells,
(c) mesothelial cells and (b) a mixture of RMG-I cells and mesothelial cells were subjected to double immunocytochemical staining using anti-
hepatocyte nuclear factor-1β (HNF-1β) antibody (brown color) and HBME-1 (blue color). HNF-1β was positive only in the cell nuclei of RMG-I in
which HBME-1 is negative in the cytoplasm. (d) In the ascitic specimens from a ovarian clear cell adenocarcinoma (CCC) patient, HBME-1 was
negative in the cytoplasm of CCC cells and HNF-1β was positive in the CCC cell nuclei, whereas HNF-1β was negative in the nuclei of the mesothelial
cells. Representative CCC cells and mesothelial cells are indicated by arrowheads and arrows, respectively. Scale bar: 50 µm.

Fig. 4. Hepatocyte nuclear factor-1β (HNF-1β) immunostaining scores
of ascitic cytological specimens. The specimens arising from patients
(n = 60) with ovarian carcinomas (C, clear cell adenocarcinoma, n = 22;
E, endometrioid adenocarcinoma, n = 10; M, mucinous adenocarcinoma,
n = 4; S, serous adenocarcinoma, n = 24) were analyzed. Each specimen
was classified according to the percentage of cells with positive nuclei.
The bars indicate the average score for each group. The immuno-
staining scores for ovarian clear cell adenocarcinomas were
significantly higher than those for other histologies. *P < 0.05,
**P < 0.01; by Mann–Whittney’s U-test).
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except three endometrioid adenocarcinoma cases were stained
negatively. Thus, HNF-1β could be applied to clinical cytological
diagnosis as a molecular marker. To our knowledge, HNF-1β is
the first histology-type-specific cytological diagnostic marker.
HNF-1β also stained negatively not only the stroma of paraffin-
embedded cancer tissue but also the mesothelial cells in cytological
specimens. Double immunocytochemical staining using HBME-1(21)

and anti HNF-1β antibody revealed a clear distinction between
CCC cells and mesothelial cells. Diverse markers are applied to
ascitic and pleural effusion cytology for specific recognition of
cancer cells from mesothelial cells. Ber-EP4, B72.3, anticarci-
noembryonic antigen antibody, anti-CA125 antibody, antiepithelial
membrane antigen and LeuM1 are markers sensitive to cancer
cells,(31–33) whereas HBME-1(21) and calretinin(34) are applied as
mesothelium-sensitive markers. In ovarian cancer, a novel monoclonal
antibody,(35) a combination of Ber-EP4 and calretinin, and so
forth,(36,37) had been applied. We consider HNF-1β applicable to
clinical specimens, and evaluations of the sensitivity and specificity
of the above-mentioned markers to be necessary.

In conclusion, our results indicated specific expression of
HNF-1β in ovarian CCC in both neoplastic tissues and ascites
and suggest that HNF-1β can be applied as a CCC-specific
immunocytochemical marker of ascites. For the purpose of
clinical application, it is necessary to assume the usefulness of
HNF-1β prospectively.
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