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Of all of the epithelial ovarian cancers, clear cell
carcinoma (CCC) of the ovary has the worst progno-
sis. We applied the oligonucleotide array technique to
identify genes generally involved in CCC. Of the
�12,600 genes that were analyzed, 28 were expressed
significantly differently between four CCC and seven
non-CCC cell lines. Among 16 up-regulated genes in
CCC, we further investigated a transcription factor,
hepatocyte nuclear factor-1� (HNF-1�). We validated
up-regulation of HNF-1� in CCC in terms of both
mRNA and protein level using real-time quantitative
reverse transcriptase-polymerase chain reaction and
immunoblotting. Immunohistochemical analysis of
83 surgically resected ovarian cancers showed that
almost all CCC specimens (21 of 22 cases) had nuclear
staining for HNF-1� , whereas most non-CCC speci-
mens (60 of 61 cases) showed no immunostaining or
only focal and faint staining in the nucleus. Further-
more, we investigated the significance of HNF-1� ex-
pression in CCC using RNA interference. The reduc-
tion of HNF-1� expression by RNA interference
induced apoptotic cell death in ovarian CCC cells,
which was confirmed by terminal dUTP nick-end la-
beling and fluorescence-activated cell-sorting analy-
ses. Our results suggest that HNF-1� is not only an
excellent CCC-specific molecular marker but also a
molecular target for therapy of ovarian CCC. (Am J
Pathol 2003, 163:2503–2512)

Epithelial ovarian cancer has the worst prognosis of all
gynecological malignancies.1 Since the emergence of
platinum-based chemotherapy, the survival rate of pa-

tients with epithelial ovarian cancer has improved dra-
matically.2 Debulking surgery and adjuvant chemother-
apy (such as a combination of paclitaxel and carboplatin)
have now gained a position as the standard therapy for
epithelial ovarian cancer.3 However, we still face many
problems in the therapy of epithelial ovarian cancer. One
of the most difficult is the treatment of clear cell carci-
noma (CCC). The incidence of CCC among epithelial
ovarian cancers is not high (�10%), but patients with
CCC have a significantly worse prognosis than patients
with serous carcinoma.4,5 One of the reasons why CCC
has such a poor prognosis is its low response to standard
platinum-based chemotherapy.6

From a pathogenetic viewpoint, CCC has a number of
features distinguishing it from other epithelial ovarian
cancers. The percentage of patients with stage I disease
is significantly higher in patients with CCC (48.5%) than in
those with serous adenocarcinoma (16.6%),7 which
means the properties of invasion differ between CCC and
non-CCCs. The incidence of p53 mutation differs be-
tween CCC (0%) and endometrioid adenocarcinoma
(63%).8 The loss of heterozygosity pattern differs be-
tween CCC and non-CCCs.9 Immunohistochemical anal-
ysis has revealed that CCC shows trends such as weak
expression of both p53 and cyclin A and markedly in-
creased expression of both p21 and cyclin E compared
with the other histological subtypes.10 Glutathione perox-
idase 3 (GPX3) is overexpressed in CCC, which may
explain the cancer’s chemoresistance.11 Considering
these facts, it is evident that CCC is not just another type
of epithelial ovarian cancer but a distinct entity, and there
is a need to determine its molecular pathogenesis if we
are to improve its prognosis.
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Until the establishment of the genome-wide expres-
sion-analyzing technique such as serial analysis of gene
expression12 or cDNA microarray13,14 there was only
fragmentary knowledge about the molecular pathogene-
sis of epithelial ovarian cancer. Since then, there have
been extensive studies and rapid progress in our under-
standing of the molecular pathogenesis of various tu-
mors15–17 including epithelial ovarian cancer.18–22 Al-
though such studies based on the genome-wide
expression analysis have identified many novel genes
involved in ovarian cancer, the function and significance
of almost all of such genes still remain unknown.

Here, we demonstrated that a distinction could be
made between four CCC cell lines and seven non-CCC
cell lines in terms of their molecular signatures. We found
that hepatocyte nuclear factor-1� (HNF-1�), a sequence-
specific transcription factor, is up-regulated at both the
mRNA and protein level in CCC, unlike other epithelial
ovarian cancers, using immunoblotting of 11 ovarian can-
cer cell lines and immunohistochemistry of 83 surgically
resected specimens. As immunohistochemical analysis
revealed that HNF-1� expression was tightly linked to
CCC, we furthermore investigated the significance of
HNF-1� expression in CCC using RNA interference
(RNAi), a new gene-silencing technique.23–25 Ovarian
CCC cells were transfected with short interference RNA
(siRNA) targeted against the HNF-1� gene. Terminal
dUTP nick-end labeling (TUNEL) and fluorescence-acti-
vated cell-sorting (FACS) analyses revealed that the re-
duction of HNF-1� induced apoptotic cell death in ovar-
ian CCC cells. Our data indicate that HNF-1� would be
not only an excellent CCC-specific molecular marker but
also a molecular target for the therapy of ovarian CCC.

Materials and Methods

Cell Cultures

RMG-1, RMG-2, and RMUG-L cell lines were kindly pro-
vided by Dr. S. Nozawa (Keio University, Tokyo, Japan).
JHOC-5, JHOS-2, and JHOS-3 were generously provided
by Dr. H. Ishikawa (Tokyo Jikeikai Medical School, Tokyo,
Japan). OMC-3 was kindly provided by Dr. T. Yamada
(Osaka Medical College, Osaka, Japan). MCAS was ob-
tained from the Japanese Cancer Research Resources
Bank, Tokyo, Japan. OV-90, TOV-21G, TOV-112D, and
HeLa cells were obtained from the American Type Cul-
ture Collection (Manassas, VA). Abbreviations used for
these cell lines and the cell line histologies are shown in
Table 1. All cell lines were cultured in RPMI 1640 supple-
mented with 10% fetal bovine serum, 100 U/ml penicillin,
and 100 �g/ml streptomycin in a humidified atmosphere
of 5% CO2 and 95% air at 37°C.

RNA Extraction and Oligonucleotide Array

Total RNA was extracted from each cell line using Trizol
reagent (Invitrogen, Carlsbad, CA) according to the man-
ufacturer’s instructions, and then treated with DNase I
(Promega, Madison, WI). The cRNA target was synthe-

sized from 5 �g of total RNA derived from each sample
using a Super Script Choice System (Invitrogen) and the
BioArray High Yield RNA Transcript Labeling kit (Enzo
Diagnostics, Farmingdale, NY) according to the manu-
facturer’s instructions. Hybridization of each cRNA target
to human U95Av2 oligonucleotide probe arrays (corre-
sponding to 12,686 human genes and expressed se-
quence tags; Affymetrix, Santa Clara, CA) and detection
of the signals were performed as instructed by the man-
ufacturer. Absolute analysis was performed with Af-
fymetrix Microarray Suite 4.0 software. The hybridization
intensity data were normalized to 1000 total signal inten-
sities for each array. The data were further filtered and
analyzed by GeneSpring Software (version 4.2.1; Silicon
Genetics, San Carlos, CA).

Real-Time Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR)

From total RNA sample, template cDNA was synthesized
with an oligo (dT)12–18 primer (Invitrogen) and Omniscript
Reverse Transcriptase (Qiagen, Hilden, Germany). Real-
time quantitative RT-PCR was performed with a Quanti-
Tect SYBR Green PCR kit (Qiagen) and a GeneAmp 7700
Sequence Detector (Applied Biosystems, Foster City, CA)
under the following conditions: one cycle at 95°C for 15
minutes, then 40 cycles at 95°C for 15 seconds, 55°C for 30
seconds, and 72°C for 30 seconds. For standardization of
the amount of RNA, expression of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) in each sample was
quantified. The primer sets for amplification of HNF-1�,
lamin, and GAPDH cDNA were as follows: HNF-1� forward,
5�-GCCCACACACCACTTACTTCG-3�; and reverse, 5�-GT-
CCGTCAGGTAAGCAGGGAC-3�; lamin forward, 5�-CTGC-
GCAACAAGTCCAATGAG-3�; and reverse, 5�-CAGGGT-
GAACTTTGGTGGGAAC-3�; GAPDH forward, 5�-AGGAA-
GAGAGAGACCCTCACTGC-3�; and reverse, 5�-ATGACA-
AGGTGCGGCTCC-3�. Quantitative RT-PCR was performed
at least three times, including a no-template control as a
negative control. Statistical analyses were performed by the
Mann-Whitney U-test.

Immunoblot Analysis

For immunoblot analysis, cells were lysed with lysis buffer
[50 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 1%

Table 1. Analyzed Ovarian Cancer Cell Lines

Abbreviation Cell name Histology

C1 RMG-2 Clear cell
C2 RMG-1 Clear cell
C3 JHOC-5 Clear cell
C4 TOV-21G Clear cell
E1 TOV-112D Endometrioid
M1 RMUG-L Mucinous
M2 MCAS Mucinous
M3 OMC-3 Mucinous
S1 JHOS-3 Serous
S2 OV-90 Serous
S3 JHOS-2 Serous
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Triton X-100, 1 mmol/L phenylmethyl sulfonyl fluoride,
and complete protease inhibitor cocktail tablet (Roche
Diagnostics, Basel, Switzerland)]. The lysate was centri-
fuged and the supernatant was prepared. Equal amount
of proteins were resolved by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (10%) and trans-
ferred to polyvinylidene difluoride membrane (Immobilon;
Millipore, Billerica, MA). Nonspecific sites on the mem-
brane were blocked by incubation for 90 minutes at am-
bient temperature with 5% (w/v) nonfat dry milk in phos-
phate-buffered saline (PBS). All of the membranes were
then incubated overnight at 4°C with goat polyclonal
antibody for HNF-1� (sc-7411; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), mouse monoclonal antibody for
lamin A/C (612163; BD Biosciences, San Jose, CA) and
mouse monoclonal antibody for �-tubulin (sc-8035; Santa
Cruz Biotechnology) as a loading control in the same
blocking solution. The membranes were then washed
and incubated for 90 minutes at ambient temperature
with horseradish peroxidase-conjugated secondary anti-
bodies (Santa Cruz Biotechnology). Immunocomplexes
were visualized using an enhanced chemiluminescence
detection system (Amersham Pharmacia Biotech, Buck-
inghamshire, UK).

Cases Used for Immunohistochemistry

We investigated a total of 83 epithelial ovarian cancers
surgically resected at the National Cancer Center Hospi-
tal between 1998 and 2001. The patients’ ages ranged
from 30 to 84 years (mean, 55.6 years), and none of the
patients had received chemotherapy or any other treat-
ment preoperatively. Their detailed clinicopathological
features are summarized in Table 2. Ten cases of ovarian
endometriosis and 10 cases of normal ovarian surface
epithelium from patients with other nonneoplastic gyne-
cological diseases were also investigated. The patholog-
ical diagnoses were made according to the criteria of the
World Health Organization and the International Federa-
tion of Gynecology and Obstetrics (FIGO).26

Immunohistochemistry

Sections (5 �m thick) of formalin-fixed, paraffin-embed-
ded tissue were deparaffinized with xylene, treated with
0.3% hydrogen peroxide in methanol, immersed in 10

mmol/L citrate buffer (pH 6.0), heated at 90°C in a micro-
wave oven for 10 minutes, and allowed to cool at room
temperature for 30 minutes. Then the sections were pre-
incubated in 2% normal swine serum (DAKO, Glostrup,
Denmark) in PBS, incubated with goat polyclonal anti-
body for HNF-1� (sc-7411) as the primary antibody at
4°C overnight, washed with PBS, and incubated for 30
minutes with biotinylated horse anti-goat immunoglobulin
as the secondary antibody (Vector Laboratories, Burlin-
game, CA). Subsequently, they were incubated for 30
minutes with avidin-biotin-peroxidase complex using a
Vectastain ABC kit (Vector Laboratories) and subjected
to the peroxidase reaction using 0.02% 3,3�-diaminoben-
zidine tetrahydrochloride as the chromogen and 0.007%
hydrogen peroxide in Tris-HCl buffer (pH 7.6), followed
by nuclear counterstaining with hematoxylin.

Staining Evaluation and Statistical Methods

Staining was evaluated by two independent observers
(AT and MS). The results were scored on the basis of the
percentage of nuclei positive for HNF-1� (0, no positive
cells; 1, �5%; 2, 6 to 25%; 3, 26 to 50%; 4, 51 to75%; 5,
�75%). The Mann-Whitney U-test and chi-square test
were used to analyze the statistical significance of the
relationship between HNF-1� expression and the clinico-
pathological variables.

RNA Interference

HNF-1� siRNA, which was chemically synthesized 21-
nucleotide double-stranded RNA, was obtained from
Dharmacon Research Inc. (Lafayette, CO). The HNF-1�
siRNA was targeted to the coding regions 1276 to 1296
(AAUCCCCAGCAAUCUCAAAAC) to the first nucleotide
of the start codon (GenBank accession no. X58840).
Control siRNAs targeted to luciferase GL2 and lamin
A/C25 were obtained from Dharmacon Research Inc.
Cells were plated at 2 � 105 cells per well in a six-well
plate for real-time quantitative RT-PCR, immunoblot,
TUNEL, and FACS analysis. Twenty-four hours after plat-
ing, the cells were transfected with a final concentration
of 100 nmol/L of siRNA using siPORT Lipid (Ambion,
Austin, TX) according to the manufacturer’s instructions.

Table 2. Clinicopathological Features of Surgically Resected Specimens

Characteristics Clear cell (%) Serous (%) Mucinous (%) Endometrioid (%)

Age
�60 14 (63.6) 25 (64.1) 9 (81.8) 9 (81.8)
�60 8 (36.3) 14 (35.8) 2 (18.2) 2 (18.2)

Histologic differentiation
Well 10 (45.4) 14 (35.8) 9 (81.8) 8 (72.7)
Moderate 8 (36.3) 14 (35.8) 2 (18.2) 3 (27.2)
Poor 4 (18.1) 11 (28.2) 0 0

FIGO stage
I/II 18 (81.8) 16 (41.0) 10 (90.9) 9 (81.8)
III/IV 4 (18.1) 23 (58.9) 1 (9.1) 2 (18.2)

Total (cases) 22 39 11 11
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Detection of Apoptosis

Apoptosis was detected by TUNEL assay and FACS
analysis. The TUNEL assay was performed using an In
Situ Cell Death Detection kit (Roche Diagnostics) accord-
ing to the manufacturer’s instructions. Then the nuclei
were counterstained with VectaShield DAPI (4,6-dia-
midino-2-phenylindole; Vector Laboratories), and viewed
with a Zeiss LSM410 microscope (Zeiss, Thornwood,
NY). The number of TUNEL-positive nuclei was counted
and divided by the number of DAPI-stained nuclei to
calculate the percentage of TUNEL-positive cells.

For FACS analysis, 6, 12, 18, or 24 hours after trans-
fection with siRNA, adherent and detached cells were
combined and fixed overnight with 70% ethanol at 4°C
overnight. After two rinses with PBS, the cells were incu-
bated for 20 minutes with 1 ml of PBS containing 1 mg of
ribonuclease A at 37°C, and then stained in 1 ml of PBS
containing 50 �g of propidium iodide. A total of 2 � 104

cells were then analyzed in a flow cytometer (FACScalibur;
Becton Dickinson, Franklin Lakes, NJ), and the sub-G1

peak was quantified using CELLQuest software.

Results

Expression Analysis of 11 Ovarian Cancer Cell
Lines

To identify genes expressed differently between CCC
and non-CCCs, we compared the gene expressions of
four ovarian CCC cell lines with those of seven cell lines
of other histologies using oligonucleotide array. We fil-
tered all genes, with the following limits: 1) present (ie,
unambiguously expressed in the sample) in at least 5 of
11 samples; 2) average difference of more than 1000 in at
least 5 of 11 samples (mean difference in signal intensity
between perfect match and mismatch probe pairs); 3)
Mann-Whitney U-test with significance set at P � 0.05 to
identify genes expressed differently between CCCs and
non-CCCs. Using the above criteria, we selected 207
differently expressed genes from 12,686 probe sets. Fur-
thermore, we listed genes that met an additional limit: 4)
more than a threefold increase in the average difference
between two groups, to identify genes with more signifi-
cant difference of expression in CCC or non-CCC cells
(Figure 1). Sixteen genes were up-regulated and 12 were
down-regulated in CCC compared with non-CCCs.

Expression of HNF-1� mRNA and Protein in
Ovarian Cancer Cell Lines

Of the genes listed in Figure 1, we focused on a tran-
scription factor HNF-1� because it is a well-characterized
transcription factor playing an important role in the em-
bryonal development,27 but its up-regulation is rare
among the cancerous tissue other than hepatocellular
carcinoma28 and the significance of its expression in
cancerous tissue is still unknown. As HNF-1� was the
most abundantly up-regulated transcription factor, we

speculated that it contributes to the characteristic biolog-
ical behavior of CCC by regulating its downstream target
genes. First, we analyzed the expression level of HNF-1�
mRNA by real-time quantitative RT-PCR (Figure 2A). The
relative expression levels of HNF-1� mRNA normalized
with GAPDH mRNA, as measured by real-time quantita-
tive RT-PCR, were closely correlated with those obtained
by microarray analysis. The relative expression levels of
HNF-1� mRNA in CCCs (8.75 � 3.89) were on average
11.6-fold higher than those in non-CCCs (0.75 � 1.09)
(P � 0.008 by U-test).

We next examined the expression of HNF-1� protein
using anti-HNF-1� antibody. Immunoblot detection of
HNF-1� in a series of ovarian cancer cell lines is shown in
Figure 2B. The Mr 70,000 band corresponding to HNF-1�
protein was detected in all CCC cell lines. The Mr 55,000
band detected in C1 and C2 was considered to be cor-
responding to a splice variant protein of HNF-1� because
there are three HNF-1� isoforms.29 No specific band was
detected other than these two HNF-1�-specific bands.
The intensity of the Mr 70,000 band in each cell line was
correlated with the mRNA expression level obtained from
quantitative RT-PCR analysis. Little or no reactivity for
HNF-1� was observed in any of the non-CCC cell lines
except for M1.

Immunohistochemical Analysis of Ovarian
Cancer Specimens

To determine whether HNF-1� is also up-regulated in
surgically resected specimens of CCC at the protein

Figure 1. Genes differently expressed in clear cell versus non-CCC. Twenty-
eight genes displayed a threefold or more increase or decrease in expression
level that was significant at the P � 0.05 level by U-test. Each color patch in
the resulting visual map represents the expression level of the associated
gene in the cell line sample, with a continuum of expression levels from
green (lowest) to bright red (highest). GenBank accession numbers, gene
symbols, loci, gene descriptions, and the fold changes are shown. The scale
bar reflects the fold increase (red) or decrease (green) for any given gene
relative to the median level of expression across all samples. Samples are
labeled as follows: C, clear cell; E, endometrioid; M, mucinous; S, serous
carcinoma of the ovary.
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level, for immunohistochemical analysis we used the
same anti-HNF-1� antibody that we had used for immu-
noblot analysis (Figure 3). Almost all of the CCCs showed
nuclear staining (Figure 3; A to C), but most non-CCCs
showed no immunostaining or only focal and faint stain-
ing in the nucleus (Figure 3; D to G). No cases of benign
endometriosis showed nuclear staining for HNF-1� (Fig-
ure 3H). Also, no cases of normal ovarian surface epithe-
lium, which is considered to be the origin of epithelial
ovarian cancer, showed nuclear staining for HNF-1� (Fig-
ure 3I).

The HNF-1� immunostaining score for CCCs (4.22 �
0.85) was significantly higher than that for non-CCCs
(0.31 � 0.62) (P � 0.0001 by U-test) (Figure 4). The
different HNF-1� expression patterns (high or low
HNF-1� expression) did not correlate with patient age or
histological differentiation (Table 3). The P value for the
difference in expression pattern of HNF-1� between the
early FIGO stage (stage I, II) and the advanced stage
(stage III, IV) was significant (P � 0.041 by chi-square
test) (Table 3), but we considered that this significance
was related to the earlier FIGO stage distribution of CCCs
and the higher HNF-1� immunostaining score for CCCs.
Indeed, there was no significant difference between the
HNF-1� score for earlier-stage CCCs (4.16 � 0.57, 18
cases) and that for advanced-stage CCCs (4.50 � 0.99,
four cases) (P � 0.670 by U-test). Therefore, essentially,
no specific correlation was found between these immu-
nostaining scores and FIGO stage.

Reduction of HNF-1� Expression by RNA
Interference

To investigate whether the up-regulated expression of
HNF-1� in CCC has biological significance, we con-
ducted functional analysis by reduction of HNF-1� ex-
pression with RNAi. Using real-time quantitative RT-PCR,
we first tested the ability of siRNAs to reduce the endog-
enous level of lamin and HNF-1� mRNA in the TOV-21G,
JHOC-5, RMG-1, and RMG-2 ovarian CCC cell lines (Fig-
ure 5A). Lamin siRNA significantly reduced the expres-
sion of lamin mRNA to 44 � 6% (TOV-21G) or to 42 � 7%
(JHOC-5) of the level in cells treated with the transfection
reagent only, but it did not reduce the expression of
HNF-1� mRNA. HNF-1� siRNA significantly reduced the
expression of HNF-1� mRNA to 27 to 45% (TOV-21G) or
to 50 � 12% (JHOC-5) of the level in cells treated with the
transfection reagent only, but it did not reduce the ex-
pression of lamin mRNA. Lamin or HNF-1� siRNA did not
reduce lamin or HNF-1� mRNA in RMG-1 or RMG-2 cell

Figure 2. Real-time quantitative RT-PCR analysis and immunoblot analysis of
HNF-1� in ovarian cancer cell lines. A: Gene expression levels for HNF-1�.
The expression levels were normalized with GAPDH mRNA in each sample.
B and C: Immunoblot analysis of HNF-1� protein (B). Each cell line lysate
(20 �g) was analyzed using anti-HNF-1� antibody. Arrowheads indicate the
normal HNF-1� isoform. The blot was stripped and reprobed with anti-�-
tubulin antibody to check for equal loading of total protein (C). Abbrevia-
tions used for these cell lines (C1, C2, C3, C4, E1, M1, M2, M3, S1, S2, and S3)
and the cell line histologies are shown in Table 1.

Figure 3. Immunohistochemical analysis of HNF-1� protein expression in
surgically resected epithelial ovarian cancers. Immunohistochemistry on par-
affin-embedded samples of clear cell (A, case 26; B, case 8; C, case 15),
serous (D, case 35; E, case 59), endometrioid (F, case 18), and mucinous (G,
case 81) adenocarcinomas of the ovary was performed with an antibody
against HNF-1�. Ovarian endometriosis (H) and normal ovarian surface
epithelium (I) were also immunostained with the same antibody. CCCs had
strong nuclear staining for HNF-1�. Original magnifications: �200 (A–H);
�400 (I).
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lines (data not shown). Therefore, by using siRNA we
successfully induced gene-specific silencing in the TOV-
21G and JHOC-5 cell lines.

Next, using immunoblot analysis, we examined
whether these siRNAs also reduce the expression of
lamin or HNF-1� protein in the TOV-21G and JHOC-5 cell
lines (Figure 5B). Lamin siRNA reduced the expression of
lamin protein. HNF-1� siRNA reduced the expression of
HNF-1� protein time dependently, and the intensity of the
HNF-1� protein band almost reached the background
level 24 hours after transfection in TOV-21G and JHOC-5
cells. The effect was specific because lamin or HNF-1�

siRNA reduced only the lamin or HNF-1� protein, respec-
tively, and siRNA targeted to luciferase, for which TOV-
21G or JHOC-5 has no endogenous expression, did not
change the expression of any protein.

Figure 4. Relationship between immunohistochemical expression of
HNF-1� and histology. Box plot showing the relationship between HNF-1�
immunostaining score and histology. The box encompasses the 25th through
75th percentiles of results obtained with the 50th percentile (median). The
5th and 95th percentiles are shown as � below and above the 10th and 90th
percentile whisker caps, respectively. The immunostaining scores for CCCs
were significantly higher than those for other histologies (P � 0.0001 by
U-test).

Table 3. Relationships Between HNF-1� Expression and Clinicopathological Features in Epithelial Ovarian Cancers*

n
HNF-1� expression high group

(score 3 to 5)
HNF-1� expression low group

(score 0 to 2) P value

All patients 83 22 (27%) 61 (73%)
Age

�60 57 15 (26%) 42 (74%)
�60 26 7 (27%) 19 (73%) 0.953

Histology
Clear cell 22 21 (95%) 1 (5%)
Serous 39 0 (0%) 39 (100%)
Mucinous 11 0 (0%) 11 (100%)
Endometrioid 11 1 (9%) 10 (91%) �0.0001

Histologic differentiation
Well 41 11 (27%) 30 (73%)
Moderate 27 8 (30%) 19 (70%)
Poor 15 3 (20%) 12 (80%) 0.793

FIGO stage
I/II 53 18 (34%) 35 (66%)
III/IV 30 4 (13%) 26 (87%) 0.041

*Chi-square test.

Figure 5. Effect of small interfering RNA (siRNA) transfection in TOV-21G
and JHOC-5 ovarian CCC cells. A: Gene expression levels for lamin and
HNF-1� measured by real-time quantitative RT-PCR analysis. Buffer (PBS
plus transfection reagent)-, luciferase siRNA-, and lamin siRNA-transfected
TOV-21G and JHOC-5 cells were analyzed 24 hours after the beginning of
transfection. HNF-1� siRNA-transfected cells were analyzed 12, 24, and 36
hours after the beginning of transfection. The expression levels were nor-
malized with GAPDH mRNA in each sample. The average of three indepen-
dent experiments is shown, and error bars indicate SD. **, Significant reduc-
tion compared with buffer only (P � 0.001 by U-test). B: Immunoblot
analysis of lamin and HNF-1� protein in transfected TOV-21G and JHOC-5
cells. Each cell line lysate (20 �g) was analyzed using anti-lamin and anti-
HNF-1� antibodies. The blot was stripped and reprobed with anti-�-tubulin
antibody to check for equal loading of total protein.
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Induction of Apoptosis in Ovarian CCC Cells by
Reduction of HNF-1� Expression

It was observed that TOV-21G and JHOC-5 cells trans-
fected with HNF-1� siRNA frequently became detached
from the culture dish and floated in the culture medium,
the floating cells exhibiting a rounded and shrunken mor-
phology reminiscent of apoptosis. On the other hand,
cells transfected with lamin siRNA as controls did not
float or show these morphological changes. To examine
whether the reduction of HNF-1� expression induces
apoptosis in TOV-21G and JHOC-5 cells, we used
TUNEL and FACS analysis. TUNEL analysis showed that
9.2 � 2.2% (TOV-21G) or 8.6 � 2.5% (JHOC-5) of the
adherent cells transfected with HNF-1� siRNA underwent
apoptosis 24 hours after the beginning of transfection.
The percentage of apoptotic cells was significantly
higher than that in control cells transfected with lamin
siRNA (2.9 � 1.0% in TOV-21G or 2.5 � 1.3% in JHOC-5)
(P � 0.001 by U-test) (Figure 6A).

Figure 6B shows the time course effect of HNF-1�
siRNA on the cell-cycle profile of TOV-21G and JHOC-5
cells by FACS analysis. When cells were treated with
lamin siRNA or buffer only, no change in the percentage
of total cells in the sub-G1 peak, characteristic of apopto-
tic cells, was observed throughout the experimental pe-
riod. On the other hand, a significant increase in the
sub-G1 peak was observed in cells treated with HNF-1�
siRNA 12 hours after the beginning of transfection both in
TOV-21G and JHOC-5 cells. The percentage of the
sub-G1 peak in HNF-1� siRNA-treated cells gradually
increased, and reached 23.0% (TOV-21G) or 14.3%
(JHOC-5) 24 hours after transfection.

To exclude the possibility that the HNF-1� siRNA we
synthesized had unexpected toxicity for culture cells, we
conducted FACS analysis of OV-90 serous carcinoma
cells and HeLa cells, which have weak or no endogenous
HNF-1� expression (OV-90; Figure 2, HeLa; data not
shown). Lamin siRNA reduced the lamin protein content
of respective cells, indicating that the RNAi mechanism
works both in OV-90 and HeLa cells (Figure 7A). FACS
analysis performed 24 hours after transfection showed no
significant difference between the sub-G1 peak of
HNF-1� siRNA-treated cells and that of lamin siRNA-
treated cells (Figure 7B) in both cell lines. Therefore this
observation indicated that the HNF-1� siRNA we synthe-
sized did not have a nonspecific side effect, and that
degradation of HNF-1� mRNA and subsequent reduction
of HNF-1� protein caused apoptotic cell death in TOV-
21G and JHOC-5 cells transfected with HNF-1� siRNA.

Discussion

All of the details of the molecular pathogenesis of ovarian
cancer have not yet been elucidated. The establishment
of genome-wide expression analysis, as well as several
studies based on such technology,18–22 have recently
clarified the genes involved in ovarian cancer. Of the
genes up-regulated in the CCC cell lines obtained in this
study, osteopontin (SPP1), nicotinamide N-methyltrans-

ferase, HNF-1� (TCF2), RAB9, and lipopolysaccharide-
induced tumor necrosis factor-� factor (PIG7) were also
up-regulated in surgically resected CCC tissue accord-
ing to a recent microarray analysis of ovarian cancer
tissue specimens.22 Contamination with noncancerous
cells such as mesenchymal cells is a problem in the
microarray analysis of tissue specimens, whereas
changes in cell features, including the expression profile,
during the process of establishing a cell line are prob-
lematic in the analysis of cell lines. Therefore, the agree-
ment between the results obtained from surgically re-
sected tissue and those from the cell lines implies that
these five genes are especially important features of
ovarian CCC. SPP1, the most up-regulated gene in this
study, is a secreted calcium-binding glycophosphopro-
tein whose overexpression is linked to poor prognosis
and tumor hypoxia in several cancers.30,31 SPP1 is up-
regulated in epithelial ovarian cancer (both CCC and

Figure 6. Induction of apoptosis by reduction of HNF-1� expression in
TOV-21G and JHOC-5 ovarian CCC cells using RNAi. A: TOV-21G cells were
transfected with HNF-1� or lamin siRNA. Apoptosis was detected by the
TUNEL method with FITC emission 24 hours after the beginning of transfec-
tion. The percentage of TUNEL-positive values corresponds to the average
and SD of 10 determinations of slides from three independent experiments
with three fields/slide. B: Apoptotic cells were evaluated by FACS analysis at
6, 12, 18, and 24 hours after the beginning of transfection with buffer (PBS
plus transfection reagent), lamin siRNA, and HNF-1� siRNA. Values indicate
the percentage of cells with a sub-G1 DNA content. Three experiments were
performed in triplicate.
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non-CCC) compared with normal tissue,32 but its overex-
pression in CCC observed in this study was tremendous,
suggesting that overexpression of SPP1 contributes
partly to the poor prognosis of CCC. Nicotinamide N-
methyltransferase catalyzes the N-methylation of nicotin-
amide and other pyridines, and its overexpression is
correlated with radioresistance.33 Up-regulation of nico-
tinamide N-methyltransferase may account for the che-
moresistance of CCC because nicotinamide N-methyl-
transferase inhibits poly (ADP-ribose) polymerase
(PARP), which plays an important role in maintaining
genome integrity in response to DNA damage induced
by genotoxic agents such as cis-platin.34 Up-regulation
of PAX8, a sequence-specific transcription factor,35 was
confirmed by real-time quantitative RT-PCR and immuno-
histochemical analysis (unpublished observation), and
might be involved in the carcinogenesis of CCC because
PAX8 protein has been shown to be expressed at a high
level in Wilms’ tumors36 and is able to induce transfor-
mation of cell cultures and tumor formation in mice.37

By using surgically resected specimens with diverse
pathological characteristics, we found that up-regulated
HNF-1� expression at the protein level was very tightly
linked to ovarian CCC, regardless of clinical stage or
histological differentiation. More than 95% (21 of 22
cases) of CCCs analyzed showed �25% HNF-1�-posi-

tive cancer cells, whereas �2% (1 of 61 cases) of non-
CCCs showed �25% HNF-1�-positive cancer cells. It
was interesting that no cases of benign endometriosis or
normal ovary showed HNF-1� immunostaining because
endometriosis is highly associated with CCC38 and is
considered to be precursor lesion of CCC.39 These re-
sults of immunohistochemical analysis imply that HNF-1�
is a useful molecular marker for ovarian CCC. Particularly
in cytology, HNF-1� immunostaining would be an excel-
lent method of distinguishing ovarian CCC cells from
other histologies, which up to now has been difficult with
the standard Papanicolaou stain.

HNF-1� (also called variant HNF1, LF-B3, or TCF2) is a
transcription activator that regulates the promoters or
enhancers of genes that are expressed in a liver-specific
manner, such as albumin and �-fetoprotein.40–42 HNF-1�
and HNF-1� (a protein closely related to HNF-1�42) are
also thought to be major regulators of glucose homeosta-
sis.43 HNF-1� mutations cause early-onset diabetes mel-
litus.44 HNF-1� is overexpressed in hepatocellular carci-
noma,28 but its up-regulation has not been reported in
other cancers so far.

To investigate the significance of HNF-1� expression
in CCC, we conducted siRNA analysis and successfully
introduced RNAi phenomenon to TOV-21G and JHOC-5
ovarian CCC cell lines. In these cell lines, reduction of
HNF-1� expression by RNAi caused apoptotic cell death.
However we could not introduce siRNA phenomenon to
RMG-1 and RMG-2 ovarian CCC cell lines, using several
commercially available transfection reagents such as oli-
gofectamine (Invitrogen), Lipofectamine2000 (Invitro-
gen), siPort amine (Ambion), siPort lipid (Ambion), and
RNAiFect (Qiagen). We thought that the reason why we
could not introduce gene silencing to these two cell lines
was partly because these transfection reagents had little
transfection effects on RMG-1 or RMG-2. In the transfec-
tion experiment using fluorescein-labeled siRNA duplex
targeted to luciferase, more than 70% of TOV-21G and
JHOC-5 cells took fluorescein-labeled siRNA whereas
less than 5% of RMG-1 and RMG-2 cells took fluorescein-
labeled siRNA (data not shown). We did not observe
apoptosis throughout siRNA experiments in RMG-1 and
RMG-2 cell lines (data not shown). Taking the above
results to consideration, we concluded that the reduction
of HNF-1� by RNAi caused apoptosis in TOV-21G and
JHOC-5 cell lines, suggesting that HNF-1� expression
was essential for the survival of CCC cells. Our observa-
tion is supported by evidence that dominant-negative
suppression of HNF-1� induces insulinoma cell apopto-
sis.45 However, it is not clear why reduction of HNF-1
induces apoptosis in CCC or insulinoma cells. HNF-1�
may regulate directly or indirectly unknown target genes
relevant to cell survival. Further investigation to elucidate
the relationship between induction of apoptosis and tran-
scriptional changes caused by the reduction of HNF-1�
are under way in our laboratory. In any event, our results
suggest that HNF-1� might be a novel molecular target
for therapy of ovarian CCC. Double-stranded RNA itself
can work as a therapeutic agent in murine models,46 or it
may be possible to use retrovirus-based RNAi vectors47

or transcription factor decoy molecules.48

Figure 7. HNF-1� siRNA does not induce apoptosis in HeLa or ovarian
serous adenocarcinoma cells. A: Immunoblot analysis of lamin protein in
transfected OV-90 and HeLa cells. Each cell line lysate (20 �g) was analyzed
using anti-lamin antibody. The blot was stripped and reprobed with anti-�-
tubulin antibody to check for equal loading of total protein. B: Apoptotic
cells were evaluated by FACS analysis at 24 hours after the beginning of
transfection with buffer (PBS plus transfection reagent), lamin siRNA, and
HNF-1� siRNA. Values indicate the percentage of cells with a sub-G1 DNA
content.
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In conclusion, we have found a series of genes that are
preferentially expressed in ovarian CCC. Also we found
that the expression of HNF-1� was tightly linked to CCC
and essential for its survival. The genes found in this
study, especially HNF-1�, should prove to be useful
clues that will help us to clarify the distinguishing features
of CCC, including its origin, morphology, and resistance
to standard therapies for ovarian cancer.
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