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Hepatocyte nuclear factor-1β (HNF-1β) is a transcriptional factor that has an important role in endometriosis–ovarian clear
cell carcinoma (OCCC) sequence by modulating cell kinetics and glucose metabolism. However, little is known about the
detailed molecular mechanisms that govern its regulation and function. Herein, we focus on upstream and downstream
regulatory factors of HNF-1β in OCCCs. In clinical samples, HNF-1β expression was positively correlated with the active
form of NF-κB/p65 in OCCCs, and closely linked with a low nuclear grade and non-solid architecture. In cell lines,
transfection of p65 resulted in increased HNF-1β mRNA and protein expression in TOV-21G cells (OCCC cell line with
endogenous HNF-1β expression), in line with activation of the promoter, probably through interacting with the basic
transcriptional machinery. Suppression of endogenous HNF-1β expression by siRNA increased apoptosis in TOV-21G cells,
while treatment of Hec251 cells (endometrial carcinoma cell line with extremely low endogenous HNF-1β expression)
stably overexpressing exogenous HNF-1β with doxorubicin abrogated apoptosis of the cells, along with increased ratio of
bcl-2 relative to bax. Moreover, overexpression of HNF-1β led to upregulation of bcl-2 expression at the transcriptional
level in TOV-21G cells, which provided evidence for a positive correlation between HNF-1β and bcl-2 expression in OCCCs.
These data, therefore, suggest that association between HNF-1β and NF-κB signaling may participate in cell survival by
alteration of apoptotic events, particularly in mitochondria-mediated pathways, through upregulation of bcl-2 expression
in OCCCs.
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Epithelial ovarian carcinomas, consisting of four histologically
distinct subtypes, including serous, mucinous, endometrioid,
and clear cell types, have the worst prognosis of all gyneco-
logical malignancies.1 Of these, ovarian clear cell carcinomas
(OCCCs) are not just another type of epithelial ovarian
carcinoma, but a distinct entity with a specific carcinogenic
mechanism.2 For example, OCCCs often show chemoresis-
tance and are accompanied by thromboembolic complication.
The clinical outcome in the advanced stage is generally
unfavorable, despite their slow growth.3–5 In addition, they
are frequently associated with endometriosis, which is
thought to be a precursor of tumor lesions.6,7

Hepatocyte nuclear factor-1β (HNF-1β) is a homeo-
domain-containing transcription factor that shares 480%
amino-acid sequence homology with the homeodomain of
HNF-1α.8 HNF-1β and HNF-1α bind to the same DNA
sequence as homodimers or heterodimers, and regulate the

expression of multiple genes that modulate cell cycle
progression, susceptibility to apoptosis, and glucose meta-
bolism through direct or indirect mechanisms.9–11 Previous
studies have revealed that specific expression of HNF-1β,
probably due to hypomethylation of the CpG islands in the
promoter region, is frequently observed in OCCCs and
endometriotic cysts.12–14

The high concentration of free iron due to repeated
hemorrhage and inflammation is frequently detected in
ovarian endometriotic cysts, promoting carcinogenesis
through iron-induced persistent oxidative stress and DNA
damage.11,15 Interestingly, iron-induced reactive oxygen
species (ROS) signaling participates in endometriotic cell
survival possibly by acting in detoxification and anti-apop-
totic pathways through overexpression of HNF-1β.16,17 How-
ever, little is known about the association between HNF-1β
expression and inflammatory cytokines, such as NF-κB, in the
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endometriosis–OCCC sequence. Moreover, the detailed
mechanisms that govern HNF-1β-mediated modulation of
cell kinetics, including cell proliferation and apoptosis, in
OCCCs remain to be clarified. We therefore extensively
investigated HNF-1β expression, together with examination
of NF-κB signaling and apoptotic pathways, as well as
expression of its related molecules, including HNF-4α and
Glut-1, in OCCCs and endometriotic cysts.

MATERIALS AND METHODS
Clinical Cases
A total of 94 cases of OCCCs, surgically resected at Kitasato
University Hospital in the period from 2002 to 2012, were
selected from our patient records, according to the criteria of
the 2003 World Health Organization classification. The mean
age of the patients was 54.8 years (range, 33–75 years). Sixty
cases were subcategorized as stage I and 34 as stage II to IV,
according to the criteria of the International Federation of
Gynecology and Obstetrics (FIGO),18 and 8 were positive for
nodal metastasis whereas 70 were negative.

Tumors were graded based on the nuclear features, as des-
cribed by Veras et al19 with minor modifications, as follows:
nuclear grade (NG) 1, small round nuclei with smooth
nuclear contours and small nucleoli; NG2, enlarged nuclei
with some enlarged nucleoli; and NG3, highly pleomorphic

nuclei with vesicular chromatin and prominent nucleoli.
Tumor architecture was also subdivided into two categories,
solid and non-solid patterns, the latter including papillary
and tubulocystic features (Figure 1). The nuclear grade
and architecture were determined based on the highest
grade or feature providing it comprised at least 30% of the
tumor. Tumors were further subdivided into three groups
on the basis of a combination of nuclear grade and growth
architecture, as follows: group A, NG1 and non-solid; group
B, NG1-solid, NG2-solid or -non-solid, and NG3-non-solid;
and group C, NG3-solid.

Thirty-nine endometriotic and 19 atypical endometriotic
cysts were also selected, according to the criteria described
by Versa et al.19 In addition, 10 cases of endometrioid,
10 of mucinous, and 10 of serous adenocarcinomas were also
evaluated.

All tissues were routinely fixed in 10% formalin and
processed for embedding in paraffin wax. Approval for this
study was given by the Ethics Committee of the Kitasato
University School of Medicine (B12-58).

Antibodies and Reagents
Anti-HNF-1β, anti-NF-κB/p65, anti-HIF-1α, anti-p27kip1,
anti-Rb, and anti-bax antibodies were purchased from
BD Biosciences (San Jose, CA, USA). Anti-HNF-4α and

Figure 1 Nuclear grade and tumor growth pattern in ovarian clear cell carcinomas (OCCCs). Upper: nuclear grade (NG)1 (right), NG2 (middle), and NG3
(left). Original magnification, × 400. Lower: tumor growth patterns: non-solid (left) and solid features (right). Original magnification, × 100.
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anti-β-actin antibodies were bought from Sigma-Aldrich
Chemicals (St Louis, MO, USA). Anti-phospho-p65 at
Ser275 (pp65), anti-phospho-Rb at Ser807/811 (pRb), and
anti-cleaved caspase 3 antibodies were obtained from Cell
Signaling Technology (Danvers, MA, USA). Anti-bcl-2, anti-
p21waf1, anti-cyclin D1, and anti-Ki-67 antibodies were
purchased from Dako (Copenhagen, Denmark). Anti-Glut-1
and anti-survivin antibodies were bought from Millipore
(Billerica, MA, USA) and R&D Systems (Minneapolis, MN,
USA), respectively. Anti-HA antibody was obtained from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). TNF-α,
cisplatin, and doxorubicin were purchased from Sigma.

Immunohistochemistry (IHC)
IHC was performed using a combination of the microwave-oven
heating and polymer immunocomplex (Envision, Dako) methods.

For evaluation of IHC findings, scoring of nuclear
or cytoplasmic immunoreactivity for HNF-1β, pp65,
HNF-4α, HIF-1α, and Glut-1 was performed, as described
previously.20,21 Briefly, the proportion of immunopositive
cells among the total number of counted cells was subdivided
into five categories as follows: 0, all negative; 1, o10%; 2,
10–30%; 3, 30–50%; and 4, 450% positive cells. The
immunointensity was also subclassified into four groups: 0,
negative; 1, weak; 2, moderate; and 3, strong immuno-
intensity. IHC scores were generated by multiplication of the
values of the two parameters. Nuclear immunopositivity for
Ki-67 was also counted in at least 1000 cells in five randomly
selected fields. Labeling indices (LIs) were then calculated
as number per 100 cells, as described previously.20,21

Apoptosis and TUNEL (TdT-Mediated dUTP-Biotin
Nick-End Labeling) Assay
Apoptotic cells were identified in HE-stained sections,
according to the criteria of Kerr et al.22 A total of 20 fields
were randomly selected, and the amount of apoptotic cells
was calculated by counting the mean number of apoptotic
figures per 10 high power fields.

The In Situ Cell Death Detection Kit (Roche, Tokyo, Japan)
was also used for detection of apoptotic cells, according to the
manufacturer’s instructions. The number of positive cells was
counted among at least 700 cells, and apoptotic LIs were then
calculated as number per 100 cells.

Plasmids and Cell Lines
Full-length cDNA for human HNF-1β (Open Biosystems,
Huntsville, AL, USA) with or without HA tag was sub-
cloned into pcDNA3.1 (Invitrogen, Carlsbad, CA, USA). The
HNF-1β promoter sequence between –1470 and either +47 or
+216 base pair (bp) relative to the transcription start site
(NG013019) was amplified by PCR and subcloned into the
pGL3-basic vector (Promega, Madison WI, USA). A series of
5′-truncated constructs were generated by PCR- and enzyme
digestion-based methods. The bcl-2 promoter region between
− 1650 and − 67 bp relative to the translation start site

(EU119400), and the Glut-1 promoter between − 2057 and
either +18 or +425 bp relative to the transcription start site
(NG008232) were also amplified, and a series of 5′-truncated
constructs were generated using similar procedures. In the
latter, site-directed mutagenesis of a putative HNF-1β binding
site in the promoter was performed using the PrimeSTAR
Mutagenesis Basal kit (Takara Bio, Shiga, Japan). The identity
of all constructs was confirmed by sequencing prior to use.
The sequences of PCR primers employed in this study are
listed in Table 1. In addition, the pGL4B-HNF-4α reporter
construct was obtained from the Riken DNA Bank Human
Resource (Tsukuba, Ibaragi, Japan). The pGL3B–survivin–luc
and the pcDNA-3.1 mouse p65 expression vectors were used
as described previously.21,23

The TOV-21G cell line was obtained from the American
Type Culture Collection (Manassas, VA, USA), and OVISE,
OVTOKO, Hec251 cells were from the National Institute
of Biomedical Innovation (Osaka, Japan). To establish

Table 1 Primer sequences used in this study

Gene Sequence

HNF-1β Promoter (−1470) Forward 5′-AACTGGCTTCCCGTCTTCTCAG-3′

(−140) Forward 5′-AGTACAATGGACCCTGGCAAAG-3′

(−14) Forward 5′-ACCATCATTTGCATCCAGCCGA-3′

(+216) Reverse 5′-AAGGACGGAAAAAGAAGGGGGT-3′

(+47) Reverse 5′-CTAACTTGCCATGATCGCCACC-3′

mRNA (187) Forward 5′-AAATGGTGTCCAAGCTCACGT-3′

(388) Reverse 5′-TTGGTGAGAGTATGGAAGACC-3′

ChIP E1 forward 5′-GGAGTAACAGGTGTCTGGAGG-3′

E1 reverse 5′-GTGCGAGAGAGGAGGGTGGA-3′

E2 forward 5′-AGTTGCCGGGACTACAGGCG-3′

E2 reverse 5′-ACCATCCTGGCTAACACAGT-3′

bcl-2 Promoter (−1650) Forward 5′-CCTTTAACCCGGGCCAGGGA-3′

(−429) Forward 5′-GTAAATTTAATTTCCAGGCA-3′

(−229) Forward 5′-AATAATAACGTGCCTCATGA-3′

(−160) Forward 5′-AAGTGTTCCGCGTGATTGAA-3′

(−67) Reverse 5′-CCCAGAGAAAGAAGAGGAGT-3′

mRNA (382) Forward 5′-TGGGAAGGATGGCGCACG-3′

(820) Reverse 5′-CAGTTCACCCCGTCCCTG-3′

Glut-1 Promoter (−2057) Forward 5′-TGGAAGTATCAGCAGGACGGACT-3′

(−255) Forward 5′-AGGGAAGGGAGAAGTCAATC-3′

(−63) Forward 5′-TCCAGTCCAGCTTTCCACC-3′

(+425) Reverse 5′-ACTCCCACTGCGACTCTGA-3′

(+18) Reverse 5′-TCTCTAGCAAAATGGTGGAGCCG-3′

mRNA (1711) Forward 5′-AGCCAGGGTCCACGTCCAGCT-3′

(2011) Reverse 5′-GGGCGACTCACACTTGGGAATC-3′
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Hec251 cells that stably overexpress HA-HNF-1β, cells were
transfected with the expression plasmid or empty vector, and
stable clones were established, as described previously.20,21

Transfection
Transfection of vectors was carried out using LipofectAMINE
PLUS (Invitrogen), and luciferase activity was assayed, as
described previously.20,21 The two siRNAs for HNF-1β or the
negative control were transfected using the siPORT NeoFX
transfection agent (Ambion, Austin, TX, USA), according to
the manufacturers’ instructions.

RT-PCR (Reverse Transcription-PCR)
cDNA was synthesized from 2 μg of total RNA. Amplification
was carried out in the exponential phase to allow comparison
among cDNAs synthesized from identical reactions, using
specific primers (Table 1). Primers for the GAPDH gene were
also applied, as described previously.20,21 For quantitative
analysis, real-time PCR was carried out using a Power SYBR
Green PCR Master Mix (Applied Biosystems, Foster City,
CA, USA). Fluorescent signals were detected using the ABI
7500 real-time PCR System and data were analyzed using
the associated ABI 7500 System SDS Software (Applied
Biosystems).

Chromatin Immunoprecipitation (ChIP) Assay
ChIP analysis was performed using an EpiXplore ChIP assay
kit (Clontech Laboratory, Mountain View, CA, USA). Briefly,
after transfection with the p65 vector, the cells were cross-
linked with formaldehyde. Cell lysates were sonicated to shear
the DNA to a length between 200 and 1000 bp, and were
then precipitated overnight using an anti-NF-κB/p65 anti-
body or mouse IgG as negative control, along with magnetic
beads. After proteinase K digestion, the DNA was extracted
and analyzed by 25 to 30 cycles of PCR. ChIP analysis was
conducted, using two specific primer sets (Table 1).

Western Blot Assays
Total cellular proteins were isolated using RIPA buffer (50
mmol/l, Tris-HCL (pH7.2), 1% Nonidet P-40, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate). Nuclear and
cytoplasmic fractions were prepared using NE-PER Nuclear
and Cytoplasmic Extraction Reagents (Pierce Biotechnology,
Rockford, IL, USA). Aliquots of the proteins were resolved by
SDS-PAGE, transferred to membranes, and probed with
primary antibodies, coupled with the ECL detection system
(Amersham Pharmacia Biotechnology, Tokyo, Japan). The
intensity of individual signals was measured with the ImageJ
software version 1.41 (NIH, Bethesda, MD, USA), as detailed
earlier.20,21

Flow Cytometry
For cell cycle analysis, cells were fixed using 70% alcohol and
stained with propidium iodide (Sigma). The prepared cells

were analyzed by flow cytometry using BD FACS Calibur and
the associated CellQuest Pro software (BD Biosciences).

Statistics
Comparative data were analyzed using the Mann–Whitney
U-test, χ2- test, and the Pearson’s correlation coefficient,
whichever was appropriate. The cutoff for statistical signi-
ficance was set as Po0.05.

RESULTS
Expression of HNF-1β and Its Related Molecules in
OCCCs and Endometriotic Cysts
Representative IHC findings for HNF-1β and its related
molecules in OCCCs and ovarian endometriotic cysts are
illustrated in Figure 2. Distinct nuclear immunostaining
for HNF-1β, pp65, HNF-4α, HIF-1α, and Ki-67 was mainly
observed in epithelial cells, whereas cytoplasmic immuno-
reaction for Glut-1 was evident in both epithelial cells and
erythrocytes.

Average IHC scores for HNF-1β and pp65 were signifi-
cantly higher in atypical endometriotic cysts and NG1 OCCCs
than those in endometriotic cysts and NG3 tumors, whereas
HNF-4α and Glut-1 scores and Ki-67 LIs showed stepwise
increase from endometriotic cysts through NG1 to NG3
tumors (Figure 3a). In addition, HNF-1β and pp65 scores
were also significantly higher in OCCCs with non-solid
pattern than solid pattern, in contrast to significantly higher
Glut-1 scores and Ki-67 LIs in the latter (Figure 3b). A
combination of NG and growth pattern revealed that
HNF-1β and pp65 scores were significantly higher in group A
(NG1-non-solid) than those in group C (NG3-solid),
in contrast to HNF-4α and Glut-1 scores and Ki-67 LIs
(Figure 3c). Significant association between nuclear grade and
growth pattern was observed in OCCCs (Supplementary
Table S1), whereas clinicopathological factors, such as clinical
stage and lymph node status, were not linked with any of the
IHC markers, or the two histological features (Supplementary
Table S2).

Average HNF-1β scores were positively correlated with
only pp65 scores in OCCCs. Similar findings were also
observed in endometriotic cysts, with the exception of the
inverse correlation with Ki-67 LIs (Supplementary Tables S3
and S4).

With regard to associations with histological subtypes of
ovarian carcinomas, HNF-1 β and pp65 scores were
significantly higher in OCCCs as compared with the other
subtypes, in contrast to significantly higher HNF-4α scores in
the mucinous type (Supplementary Figure S1).

Transcriptional Upregulation of HNF-1β by NF-κB/p65
On the basis of the above IHC findings, we examined an
association between HNF-1β and NF-κB signaling, using
TOV-21G and Hec251 cells treated with TNF-α, known as an
activator of NF-κB signaling.24–26 In TOV-21G cells, although
short-term exposure to TNF-α resulted in upregulation of
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HNF-1β mRNA expression within 1 h, changes in the protein
expression level were relatively minor, probably owing to a
high level of the endogenous protein. In the treatment of
Hec251 cells with extremely low endogenous HNF-1β
expression, short-term exposure to TNF-α caused an increase
in HNF-1β mRNA levels within 0.5 h, whereas the nuclear
level of HNF-1β protein transiently increased within 1 h
(Figure 4a).

To examine whether NF-κB signaling contributed to
transcriptional regulation of HNF-1β expression, transient
transfection was carried out using TOV-21G. As shown in
Figure 4b, transfection of p65 caused increased HNF-1β
mRNA and protein expression, in line with activation of the
promoter in a dose-dependent manner. We noticed that a
1517-bp fragment upstream of the transcription start site in
the HNF-1β gene contained two potential binding sites of NF-
κB, on the basis of a consensus NF-κB binding sequence 5′-
GGRNNYYCC-3′ (Figure 4c). However, the shortest con-
struct, which lacks both putative binding sites, still preserved
the responsiveness to p65 transfection (Figure 4d). Finally,
ChIP assay revealed that transfected p65 promoted its own
recruitment to the proximal region between +89 and +179 bp
within the promoter (Figure 4e).

Relationship of HNF-1β with Apoptosis, Cell
Proliferation, and bcl-2 Expression
Previous studies have demonstrated that HNF-1β is essential
for the survival of OCCC cells.9–11 To determine if there is a
correlation between expression of HNF-1β and apoptosis, we
first evaluated clinical samples. Apoptotic cells were readily
detected in HE-stained sections on the basis of characteristic
features,22 and the values were positively correlated with
apoptotic LIs as detected by the TUNEL assay (Figure 5a).
The average amount of apoptotic cells was significantly higher
in NG1, non-solid, and group A categories in OCCCs
(Figure 5b), but no significant correlation with HNF-1β
score was observed (Supplementary Tables S3 and S4).

Investigation into whether induction of apoptosis was
affected by HNF-1β as well as the mechanisms involved was
carried out by performance of in vitro assays. Following
suppression of endogenous HNF-1β by transfection of
siRNAs into TOV-21G cells (Figure 6a), the amount of
apoptotic cells was significantly increased within 48 h, despite
no alteration in the expression of survivin, bcl-2, and bax
(Figure 6b). Treatment of TOV-21G cells with cisplatin
caused an increase in the amount of apoptotic cells, as well as
expression of cleaved caspase 3, in a dose-dependent manner,

Figure 2 Immunohistochemistry (IHC) findings in serial sections of ovarian endometriotic cysts with or without atypia and ovarian clear cell carcinomas
(OCCCs). Staining is by hematoxylin and eosin (HE) and by IHC for HNF-1β, pp65, HNF-4α, HIF-1α, Glut-1, and Ki-67 in ovarian endometriotic cysts (Cyst),
atypical endometriotic cysts (Atypical cyst), and OCCCs. Note the nuclear features (indicated by arrows and magnified in the insets) in cystic and tumor
lesions. Original magnification, × 200 and × 400 (inset).
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whereas HNF-1β expression was completely abrogated by
higher, but not lower, doses of cisplatin (Supplementary
Figure S2). Moreover, suppression of endogenous HNF-1β
expression resulted in an enhancement of cisplatin-induced
apoptosis, along with alterations in bcl-2 and bax expression
(Figure 6c).

To further examine whether overexpression of HNF-1β
affected apoptosis, two independent cell lines stably over-
expressing exogenous HNF-1β were established. Treatment of
the stable cells with doxorubicin resulted in a reduction in the
quantity of apoptotic cells and stabilization of exogenous
HNF-1β, along with increases in the relative ratios of bcl-2 to
bax and survivin expression at 48 h as compared with control
cells (Figure 7a).

Transfection of HNF-1β resulted in increased promoter
activity of bcl-2 and HNF-4α, but not survivin (Supplementary
Figure S3A). The overexpression was also able to induce bcl-2
mRNA and protein expression. A search of the 1600-bp
fragment upstream of the translation start site in the bcl-2
gene revealed one potential HNF-1β-binding site (ATTAAC).
In a series of 5′-truncated promoter constructs, the shortest
reporter construct (−167 to − 67 bp), which lacks the putative
binding site, still retained the promoter activity (Figure 7b),
suggesting an association with the basic transcriptional
machinery at the promoter. In OCCCs, immunoreactivity
for bcl-2 was significantly associated with NG1, non-solid,

and group A categories, and the score was positively
correlated with the HNF-1β status (Figure 7c and
Supplementary Figure S3B).

To examine whether HNF-1β contributed to changes in
cell kinetics, quiescence was induced in the three OCCC cell
lines by serum starvation and then restimulated with serum.
However, HNF-1β expression was not altered during steady
cell growth (Supplementary Figure S4A). The two indepen-
dent clones of Hec251 cells stably overexpressing HNF-1β
also showed no difference in cell proliferation rate as
compared with the mock case (Supplementary Figure S4B).

As it is known that HNF-1β has a central role in glucose
homeostasis,9–11 an association between HNF-1β and Glut-1
expression was investigated. Transfection of HNF-1β induced
a significant increase in Glut-1 mRNA and protein expres-
sion, in line with activation of the promoter (Supplementary
Figure S5A). On the basis of the potential HNF-1β-binding
site (GTTAAT) in the Glut-1 promoter, a series of 5′-trun-
cated promoter constructs were generated (Supplementary
Figure S5B). Deletion from − 2057 to − 255 bp had little effect
on induction of promoter activity by HNF-1β, whereas
that from − 225 to − 63 bp did so at only a very low level.
An additional promoter construct carrying four nucleotide
alterations in the putative HNF-1β-binding site led to consi-
derable reduction in response to HNF-1β (Supplementary
Figure S5C), suggesting the region from − 152 to − 147 bp

Figure 3 Relationship of the immunohistochemistry (IHC) markers with nuclear grade and growth pattern in ovarian clear cell carcinomas (OCCCs).
(a) Relation between nuclear grade and IHC scores (left), as well as Ki-67 labeling indices (LIs) (right). Cy, endometriotic cyst; A, atypical endometriotic
cyst; G, nuclear grade. (b) Relation between tumor growth patterns and IHC scores (left), as well as Ki-67 LIs (right). NSo, non-solid pattern; So, solid
pattern. (c) Relation of a combination of nuclear grade and growth patterns with IHC scores (left), as well as Ki-67 LIs (right). The data shown are
means ± s.d.
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is required for the Glut-1 promoter to be stimulated by
HNF-1β. However, such associations were not observed in
OCCCs and endometriotic cysts (Supplementary Tables S3
and S4).

DISCUSSION
Several lines of evidence from the present study support the
role of NF-κB/p65 as a transcriptional activator of HNF-1β.
First, treatment of Hec251cells with TNF-α caused an increase
in HNF-1βmRNA and protein expression, along with nuclear
p65 stabilization. Further, transient transfection of p65 led

to increased expression of HNF-1β at both mRNA and
protein levels. Moreover, p65 could transactivate the HNF-1β
promoter by binding to the region from − 14 to +216 bp of
the transcriptional start, probably through interacting with
the basic transcriptional machinery at the promoter. Finally,
HNF-1β immunoreactivity was positively correlated with the
pp65 status in both OCCCs (r= 0.73, Po0.0001) and
endometriotic cysts (r= 0.89, Po0.0001).

The environment inside endometriotic cysts is affected
by severe oxidative stress.15 Given that some ROS act as
a messenger in the TNF-α- and okadaic acid-induced

Figure 4 Transcriptional upregulation of HNF-1β by NF-κB/p65. (a) Conventional reverse transcription-PCR (RT-PCR; upper) and real-time RT-PCR (middle)
analyses of HNF-1β mRNA expression, and western blot analysis (lower) of HNF-1β, as well as nuclear p65 (N-p65), expression in TOV-21G (left) and
Hec251 cells (right) for the time shown after exposure to 20 ng/ml TNF-α. (b) Left: analyses of mRNA and protein expression levels of HNF-1β using total
RNA or protein extracted from p65-transfected TOV-21G cells by RT-PCR (left) and western blot assays (right), respectively. Note the exogenous p65
(indicated by asterisk) in the middle panel of the western blot assay. Right: TOV-21G cells were transfected with HNF-1β reporter constructs, together
with p65. Relative activity was determined based on arbitrary light units of luciferase activity normalized to pRL-TK activity. The activities of the reporter
plus the effector relative to that of the reporter plus empty vector are shown as means ± s.d. The experiment was performed in duplicate. (c) Upper: the
HNF-1β promoter sequence containing two putative NF-κB-binding sites including κB1 and κB2 sites. Lower: various promoter constructs were used for
evaluating transcriptional regulation of the HNF-1β promoter by p65. (d) TOV-21G cells were transfected with various constructs of the HNF-1β promoter,
along with p65 expression plasmids. The experiment was performed in triplicate. (e) Chromatin immunoprecipitation (ChIP) assay data showing that p65
is bound to the proximal (element (E1)), but not distal (E2), region of the HNF-1β promoter.
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post-translational activation of NF-κB/p65,24 it is suggested
that persistent oxidative stress induced by repeated
hemorrhage in endometriotic cysts may serve as an activator
of NF-κB signaling, and this in turn may cause induction of
HNF-1β expression. In fact, our results revealed that high
expression levels of pp65, as well as HNF-1β, were observed
in endometriotic cysts.

An interest finding in this study was that the HNF-1β score
was positively associated with low nuclear grade and
non-solid structures in OCCCs with low cell proliferation
activity, in contrast to the relatively low scores in tumors that
displayed high nuclear grade and solid architecture, as well as
high cell proliferation activity. Given that HNF-1β acts as an
inducer of potent cell cycle regulatory genes that inhibit G1
progression, including CDKNA1A and CDKN1B,27 it was

expected that HNF-1β may function as a suppressive effector
of cell proliferation in OCCCs. Our results, however,
demonstrated that HNF-1β expression did not alter during
steady cell growth in OCCC cells, as well as in Hec251 cells
stably overexpressing exogenous HNF-1β. Moreover, HNF-1β
score showed a weak negative correlation (r=− 0.35,
P= 0.001) with Ki-67 LIs in OCCCs, indicating that this
molecule may be simply associated with less aggressive
features of OCCCs.

Importantly, suppression of HNF-1β expression by siRNA
promoted an increase in apoptosis in TOV-21G cells,
consistent with an earlier report,28 whereas Hec251 cells
stably overexpressing HNF-1β treated with doxorubicin
showed a decrease in the amount of apoptotic cells, along
with increased bcl-2 expression. Moreover, transfection of

Figure 5 Frequent apoptotic findings in ovarian clear cell carcinomas (OCCCs) with NG1 and non-solid features. (a) Upper: detection of apoptotic cells
(indicated by arrows) by hematoxylin and eosin (HE) sections (upper) and TUNEL (TdT-Mediated dUTP-Biotin Nick-End Labeling) assay (lower). The
enclosed boxes magnified in the insets. Original magnification, × 200 and × 400 (inset). Lower: correlation for detection of apoptotic cells between HE
sections and TUNEL assay. (b) Upper: apoptotic cells detected by HE sections in endometriotic cysts (Cy), atypical endometriotic cysts (a), and OCCCs. G,
nuclear grade. Lower: relationship of apoptotic cells detected by HE sections with tumor growth pattern (left) and a combination of nuclear grade and
growth patterns (right). The data shown are means ± s.d. NSo, non-solid; So, solid.
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HNF-1β induced transcriptional upregulation of bcl-2
expression, in line with the IHC findings that demonstrated
a positive correlation between the two in OCCCs. Given that
toxic insults cause activation of the intrinsic apoptotic
pathway through changes in expression of bcl-2 in the
mitochondria,29 it is suggested that HNF-1β may participate
in blockade of mitochondrial-mediated (intrinsic) apoptotic
events, leading to alteration in bcl-2 expression.

Although both HNF-1β score and amount of apoptotic
cells were significantly higher in OCCCs with NG1 and non-
solid growth pattern, evidence that supports a direct
association between the two factors is lacking. In general,
ovarian carcinomas accompanied by endometriosis show
relatively higher level of 8-hydroxy-2′-deoxyguanosine
(8-OHdG), which indicates severe oxidative DNA damage,15

in line with our results demonstrating that pp65 scores were

significantly higher in OCCCs as compared with the other
subtypes of ovarian carcinomas. Given that the extrinsic
apoptotic pathway is activated by cell death receptors, such
as TNF-α receptors,30,31 it is suggested that both extrinsic
and intrinsic apoptotic pathways may be activated in
OCCCs. With regard to overexpression of exogenous
HNF-1β by treatment of the stable cells with doxorubicin,
it appeared that toxic insults may also contribute to the
regulation. Further studies to clarify these results are
warranted.

In this study, an unexpected finding was that transfection
of HNF-1β was able to increase transcription of the Glut-1
gene, in line with a previous study,27 but such an asso-
ciation was not observed in OCCCs. This may be owing
to the presence of abundant and intricate signals that
regulate glycolytic metabolism, such as HIF-1α pathways.32

Figure 6 Inhibition of apoptosis by HNF-1β. (a) Suppression of endogenous HNF-1β expression by transfection of two siRNAs (#1 and #2) in TOV-21G
cells. (b) Left: after transfection of siRNA#1 for HNF-1β into TOV-21G cells for the time shown, cells undergoing apoptosis (sub-G1) were detected by
flow cytometry. These experiments were performed in triplicate, using independent samples. Right: analysis of protein expression levels by western
blot assay in TOV-21G cells after transfection of HNF-1β siRNA for the time shown. (c) Left: after treatment of TOV-21G cells with or without transfection
of siRNA#1 for HNF-1β with 0.2 μM cisplatin (CDDP) for the time shown, cells undergoing apoptosis (sub-G1) were detected by flow cytometry.
These experiments were performed in triplicate, using independent samples. Middle: analysis of protein expression levels by western blot assay
in the TOV-21G cells with or without transfection of siRNA#1 for HNF-1β after treatment with 0.2 μM CDDP for the time shown. Right: values of
endogenous bcl-2 relative to bax protein in the TOV-21G cells with or without transfection of siRNA#1 for HNF-1β after treatment with 0.2 μM
CDDP were calculated by normalization to β-actin using the NIH ImageJ software. Expression level in the absence of transfection (0 h) is set as 1.
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Further, the lack of association between HNF-1β and
HNF-4α expression in OCCCs was also unexpected because
HNF-4α is one of the target genes of HNF-1β. Given
our results that showed significantly higher HNF-4α expres-
sion in mucinous carcinomas, as well as OCCCs with
aggressive features, it appeared that HNF-4α may have
an important role in the establishment and maintenance of
phenotypic characteristics in a subset of ovarian carcinomas.

In conclusion, our observations clearly define some of
the functional roles of HNF-1β in OCCCs. Activation of
NF-κB signaling and several apoptotic (cytotoxic) signals
by several microenvironmental factors may cause trans-
activation of the HNF-1β gene. Subsequently, its over-
expression may participate in cell survival by alteration

of apoptotic events, particularly in mitochondria-mediated
pathways, through upregulation of bcl-2 expression in
OCCCs (Figure 8).

Figure 7 Transcriptional upregulation of bcl-2 by HNF-1β. (a) Left: after treatment of two independent Hec251 cell lines stably overexpressing
exogenous HA-HNF-1β with 1 μg/ml doxorubicin (Dox) for the time shown, cells undergoing apoptosis (sub-G1) were detected by flow cytometry.
These experiments were performed in triplicate, using independent samples. Middle: analysis of protein expression levels by western blot assay in the
two stable cell lines after treatment with 1 μg/ml doxorubicin for the time shown. HA-HNF-1β protein was detected by an anti-HA antibody. Right:
values of endogenous bcl-2 relative to bax protein after treatment with 1 μg/ml doxorubicin were calculated by normalization to β-actin, using the NIH
ImageJ software. Expression level in the absence of transfection (0 h) is set as 1. (b) Left: analyses of mRNA and protein expression levels of bcl-2 using
total RNA or protein extracted from HA-HNF-1β-transfected TOV-21G cells by reverse transcription PCR (RT-PCR; left) and western blot (right) assays,
respectively. HA-HNF-1β mRNA was detected using a combination of HA-5′ forward (5′-TACCCATACGATGTTCCAGATTACGC-3′) and HNF-1β (388)
reverse primers (Table 1), while HA-HNF-1β protein was detected by an anti-HA antibody. Right upper: various bcl-2 promoter constructs were used
for evaluating the transcriptional regulation by HNF-1β. Note the putative HNF-1β-binding site (5′-ATTAAC-3′). Right lower: TOV-21G cells were
transfected with various constructs of the bcl-2 promoter, along with the HNF-1β expression plasmid. The experiment was performed in triplicate.
(c) Left: staining is by IHC for bcl-2 in ovarian clear cell carcinomas (OCCCs). Note the lack of bcl-2 immunoreactivity in OCCCs with solid features, in
contrast to the bcl-2-positive infiltrating lymphocytes (indicated by arrows). Right: relationship between HNF-1β and bcl-2 scores in OCCCs.

Figure 8 Schematic representation of associations among HNF-1β, NF-κB,
and bcl-2 in response to microenvironment factors in ovarian clear cell
carcinoma (OCCC) cells.
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