
Abstact. Aim: The aim of the present study was to evaluate
the correlation between WT1 expression levels and clinical
features, to investigate the prognostic value of WT1 expression
and to use lentiviral constructs to examine whether
overexpression of WT1 affects cell proliferation and invasion
in ovarian cancer patients. Materials and Methods: Real-time
quantitative PCR (qPCR) methods were employed to analyze
WT1 expression levels in clinical samples from 63 patients
with ovarian cancer. The correlation between the copy
number of WT1 mRNA and clinical variables was analyzed.
Results: The median copy number of WT1 mRNA was 53.94
(range=2.135- 32,257) in all subjects and WT1 expression
levels were found significantly increased in patients with a
higher stage cancer (p<0.05), lymphnode (p<0.001) and
omentum metastasis (p<0.001), as well as ascites production
(p<0.05), compared to patients lacking these clinical
variables. No significant difference in WT1 expression levels
were observed between patients with and without recurrence.
The median disease-free survival time in patients with low
WT1 expression levels was significantly longer (p=0.038)
than that in patients with high WT1 expression. However,
overall survival curves showed no statistically significant
(p=0.457) differences between patients with high- and low-
WT1 expression levels. An in vitro study revealed that WT1
over-expression enhanced cell proliferation and invasion in

ovarian cancer cells transduced with lentiviral constructs.
Conclusion: Using qPCR, we found that high levels of WT1
expression correlated with aggressive clinical features in
ovarian cancer. High WT1 expression may impact on median
disease-free survival in ovarian cancer.

Ovarian cancer is one of the most fatal malignancies in women
and is the leading cause of gynecological cancer deaths (1).
The current standard therapy in patients with advanced ovarian
cancer is primary surgical cytoreduction followed by first-line
chemotherapy based on platinum and paclitaxel. Although the
majority of patients with ovarian cancer respond to initial
chemotherapy, most of them eventually relapse during the
course of treatment, and once relapse occurs there is no known
curative therapy (2). Thus, it is important to develop additional
therapeutic approaches for the management of this disease.
Immunotherapy is one proposed strategy for reducing the risk
of recurrence. Patients with complete response to frontline
therapy could be considered for immunotherapy because the
majority of these patients may have micrometastases. National
Cancer Institute ranks Wilms’ tumor 1 (WT1) as the highest
prioritization of cancer antigens (3). Clinical trials using
peptide vaccines against WT1 in patients with several cancers
are showing promising therapeutic effects (4), and WT1 is one
of the potential target antigens for a universal vaccine against
ovarian cancers (5). 

The Wilms’ tumor gene WT1 encodes a protein with four
zinc fingers and is considered to be involved in the
transcriptional regulation of genes including growth factors,
differentiation markers, cell-cycle regulators, and apoptosis
regulators (6-9). The WT1 gene was initially identified as a
tumor suppressor gene due to its inactivation in Wilms’
tumor (nephroblastoma), the most common pediatric kidney
tumor (10). However, recent findings have shown that WT1
acts as an oncogene in ovarian and other tumors (11-14). In
addition, several studies have reported that high expression
of WT1 correlates with the aggressiveness of cancers and a
poor outcome in leukemia (15), breast cancer (16), germ-cell
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tumor (17), and head and neck squamous cell carcinoma
(18). There are several studies describing WT1 expression in
ovarian cancers. A positive expression has been primarily
observed in serous adenocarcinoma (19-22), and WT1 is
more frequently expressed in high-grade serous carcinoma,
which stands-out from other sub-types due to its aggressive
nature and because it harbors unique genetic alterations (23).
Patients with WT1-positive tumors tend to have a higher
grade and stage of tumor (24, 25). Several studies examining
the correlation between WT1 expression and survival have
found WT1 to be indicative of unfavourable prognosis in
ovarian cancer patients (23, 26), whereas other studies report
that WT1 expression may be of limited prognostic value for
these tumors in the clinical setting (24, 25). In several
studies, immunohistochemistry (IHC) was used to measure
WT1 expression levels: however, antibody specificity was
not always sufficient, and this may have been due to
inconsistent results on the association between WT1
expression and prognosis in patients with ovarian cancer. 

In the current study we report, for the first time, use of a
real-time quantitative PCR (qPCR) method that enables for
precise quantification of WT1 expression levels in clinical
samples. To demonstrate clinical relevance, WT1 expression
levels were investigated in 63 patients with ovarian cancers,
including FIGO stages, lymph node, omentum metastasis
status, and ascites production. We examined the expression
profile of WT1 in various histological sub-types of ovarian
cancer, and investigated the correlation between WT1
expression and patients’ prognosis. Additionally, we report
on the effect of WT1 over-expression on cell proliferation
and invasion using ovarian cancer cell lines transduced with
lentiviral constructs containing WT1.

Materials and Methods

Patient samples. The present study was conducted using tumor
samples obtained from 63 patients with histologically-confirmed
ovarian and fallopian tube cancer treated at the Yamagata University
Hospital (Yamagata, Japan) from February 2008 through July 2013.
Tumor samples were collected after written informed consent and
approval of the Ethics Committee of the Yamagata University. 

Sample processing. Tissue samples were collected into sterile tubes
and stored at –80˚C. Tumors were homogenized in RLT buffer and
total RNA was isolated using the RNeasy Mini Kit (QIAGEN,
Hilden, Germany). cDNA synthesis was performed using the
QuantiTect Reverse Transcription Kit (QIAGEN, Hilden, Germany).
To determine whether cDNA was successfully extracted from tissue
samples, we performed RT-PCR assay for GAPDH.

Real-time PCR analysis. The probe and primer used in the real-time
PCR analysis were described in a another study (27) as follows: WT1
forward primer (5’-TAC ACA CGC ACG GTG TCT TCA-3’), reverse
primer (5’-CTC AGA TGC CGA CCA TAC AAG-3’), and WT1 probe
(5’-AGG CAT TCA GGA TGT GCG ACG TGT G-3’). Real-time
PCR was performed using ABI Prism 7300 (Applied Biosystems, Life

Technologies, Carlsbad, CA, USA), according to the manufacturer’s
protocol. All PCR routines were performed in triplicate. Reactions
involved an initial incubation for 2 min at 50˚C and then 10 min at
95˚C, followed by cycling at 95˚C for 15 sec and 60˚C for 1 min for
50 cycles. Quantification was performed using the standard-curve
method. A standard curve was generated from a dilution series
constructed from WT1 (unless otherwise stated, the WT1 isoform used
in this study lacked both exon 5 and KTS) plasmid.

Immunohistochemical staining. Paraffin-embedded tissue sections
were stained with anti-WT1 antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The scoring system used in the study was
previously described elsewhere (20). Briefly, the intensity of
immunostaining for WT1 was scored as 0 (staining of single cells or
small clusters of cells, approximately <5% cells stained), +1 (5-
25%), +2 (>25-50%), +3 (>50-75%), and +4 (>75% of cells
stained). Immunohistochemistry was performed in specimens with
the ten highest and ten lowest WT1 mRNA levels.

Cell culture. Human ovarian cancer cell line SKOV3ip1 cells were
cultured at 37˚C in M199:105 medium with 10% fetal bovine serum
(FBS) and 1% penicillin-streptmycin in a water-saturated
atmosphere of 95% air and 5% CO2.

WT1 lentiviral construct. The pcDNA 3.1(+) vector (Invitrogen,
Carlsbad, CA, USA) contained the human WT1 (-17AA/-KTS) (28).
The WT1 sequence was amplified from this vector by PCR using
primers containing BglII and NotI restriction sites, as follows: forward
primer (5’-AGATCTGACTTCCTCTTGCTGCA-3’) and reverse
primer (5’-GCGGCCGCTTGAAAGCAGTTCACACACT-3’). The
amplified sequence of WT1 was digested, and then ligated into the
lentiviral vector plasmid, pHR-SIN-CSGW dlNotI (29) (provided by
Y. Ikeda, Mayo Clinic, Rochester, MN). We introduced WT1 genes
in place of eGFP using BamHI and NotI site in pHR-SIN-CSGW
dlNotI. The resultant plasmids were designated as WT1-pHR-SIN-
CSGW dlNotI. We deleted eGFP region in pHR-SIN-CSGW dlNotI
and used it as a control vector. Preparation of infectious particles was
performed according to established protocols (30).

Cell proliferation and invasion assays. Both assays were performed
as described previously (31, 32). Cells were plated at a density of
1×104 cells per well in 12-well plates and grown in M199:105
medium with 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin for 7 days. We counted the cell numbers at 1, 3, 5, and
7 days. TC20™ Automated Cell Counter (Bio Rad Laboratories,
Berkeley, CA) was used to count the cell number. The cell invasion
assay was performed in a modified Boyden chamber. Porous filter
(8-μm pores) were coated on the underside by a passive adsorption
for Type I collagen (BD Biosciencees, San Jose, CA, USA). Cells
(5×104 per well) in M199:105 medium were plated in the upper
chamber, then transferred to the lower chamber (24-well) containing
10% FBS and allowed to invade for 4 h. Non-invading cells were
removed from upper chamber with a cotton swab, and invading cells
adherent to the underside of the filter were fixed and stained with
Giemsa solution. Filters were mounted onto microscope slides, and
stained cells were counted at ×400 magnification in five fields per
filter. At least three independent experiments were done.

Statistical analysis. Results were analyzed using the statistical
software EZR (http://cran.r-project.org) and GraphPad prism (La
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Jolla, CA, USA). Group comparisons were performed using the
Kruskal-Wallis test. The Mann-Whitney U-test was used to
determine statistical differences between 2 groups. The prognostic
potential of WT1 expression was evaluated by logistic regression.
The level of statistical significance was set at a p-value <0.05.

Results

Study population. Patients’ characteristics are described in
Table I. The mean age of the patients in this study was 57
(range=29-81) years and the medium duration of follow-up
was 407 (range=10-1,968) days. At the time of initial
diagnosis, the stages were stage I (21 patients), stage II (5
patients), stage III (33 patients), and stage IV (4 patients).
Histological examination revealed the following distribution
in patients: 58 epithelial ovarian tumors, 4 fallopian tube
adenocarcinomas and 1 peritoneal carcinoma; serous in 18
(29%), clear cell in 16 (25%), endometrioid in 12 (19%),

mucinous in 2 (3%), carcinosarcoma in 7 (11%), small cell
in 2 (3%), mixed 2 (3%) and undifferentiated in 4 (6%). Forty
two patients (67%) received the first operation without
residual tumors (complete surgery), 4 (6%) had a residual
tumor of <1 cm in diameter (optimal surgery), and the
remaining 17 (27%) exhibited residual tumors of ≥1 cm in
diameter (suboptimal surgery). A complete response to first-
line chemotherapy was achieved in 48 (76%) of the 63
patients, one (2%) had partial response, one (2%) had no
response, 11 (17%) exhibited disease progression, while the
other 2 (3%) were not applicable. The median disease-free
survival, excluding patients with persistent/progressive
disease after the initial therapy, was 253 (range=42-1,798)
days. Forty-five (71%) patients were alive with no evidence
of disease, 7 (11%) patients were alive with disease, and 11
(17%) subsequently died from the disease. The median serum
CA125 levels were 317.2 (range=10-6,279) U/mL. The copy
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Figure 1. Correlation between WT1 expression levels and clinical features. We examined WT1 expression levels in groups of different clinical features.
(A) FIGO stages, (B) lymph node metastasis status, (C) omentum metastasis status, and (D) ascites production, where “n” refers to the number of
patients’ samples analyzed for WT1 expression. Boxes indicate the 25th to 75th percentiles. The horizontal lines within the boxes are the median WT1
expression levels and the whiskers indicate the minimum and maximum values.



number of WT1 mRNA was defined as WT1 expression
levels, with median value of 53.94 (ranges=2.135-32,257).

WT1 expression correlated with clinical features. We
examined the correlation of WT1 expression levels with
FIGO stage, lymph node, omentum metastasis status, and
ascites production in all subjects. The median copy number
of WT1 mRNA was 11.67 (range=2.135-262.6) in stage I,
27.69 (range=7.203-1,213) in stage II, 126.7 (rang=3.177-
32,257) in stage III, and 227.4 (range=68.85-3,599) in stage
IV disease. The levels of WT1 expression in patients with
stage III and stage IV disease increased significantly
compared to stage I patients (p<0.01 and p<0.05,
respectively) (Figure 1A). Thirty-nine patients received a
staging laparotomy and presented conditions applicable for
studying the correlation of WT1 expression levels with lymph
node metastasis status. The median copy numbers of WT1
mRNA in patients without lymph node metastasis (n=25)
was 11.07 (range=2.135-262.6) and that in patients with
lymph node metastasis (n=14) was 137.0 (range=8.883-
3,599). There was a significant increase in WT1 expression
levels in patients with lymph node metastasis compared to
those without (Figure 1B). We were able to assess the
omentum metastasis status in 58 patients. The median copy
number of WT1 mRNA in patients without omentum
metastasis (n=40) was 17.18 (range=2.135-1,749) and that in
patients with metastasis (n=18) was 336.2 (range=7.610-
32,257). A significant (p<0.001) increase in WT1 expression
levels was found in patients with omentum metastasis

compared to patients where metastasis was not observed
(Figure 1C). We investigated whether patients exhibited
ascites production in 61 cases of ovarian cancers. Ascites
production was assessed by computed tomography, where
detection of fluid in the Douglas pouch was defined as
positive for ascites production. The median copy number of
WT1 mRNA was 13.37 (range=2.135-1,749) in patients
without ascites (n=20) and 83.52 (range=4.190-32,257) in
patients with ascites (n=41). Patients with ascites exhibited a
significant (p<0.05) increase in WT1 expression levels
compared to those without (Figure 1D). Collectively, these
results suggest that high levels of WT1 expression were
related to aggressive disease conditions in patients with
ovarian cancer.

Changes in WT1 expression levels according to various
histological sub-types. We next examined WT1 expression levels
in different histological subtypes (Figure 2). The median copy
number of WT1 mRNA was 336.2 (range=11.16-23,878) in
serous carcinomas, 10.39 (range=2.135-180.8) in clear cell
adenocarcinomas, 83.52 (range=5.203-32,257) in carcino-
sarcomas, 13.57 (range=3.177-262.6) in endometrioid, and 84.92
(range=29.03-506.2) in undifferentiated carcinomas. The WT1
expression levels were high in aggressive sub-types; serous
carcinomas and carcinosarcomas, while the levels of WT1
expression was low in a slow-growing sub-type; clear cell
adenocarcinomas. There was a significant difference in WT1
expression levels between clear cell adenocarcinoma (p<0.001)
or endometrioid (p<0.05) and serous. In addition, there was a
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Figure 2. Changes in WT1 expression levels in different histological sub-types. We examined WT1 expression levels in different histological subtypes
where “n” refers to the number of patients’ samples analyzed for WT1 expression. Boxes indicate the 25th to 75th percentiles. The horizontal lines
within the boxes are the median WT1 expression levels and the whiskers indicate the minimum and maximum values. There were significant
differences in WT1 expression levels between clear cell adenocarcinoma or endometrioid and serous, as well as expression levels between
carcinosarcoma or undifferentiated and clear cell adenocarcinoma.



significant difference in WT1 expression levels between
carcinosarcoma (p<0.05) or undifferentiated (p<0.05) and clear
cell adenocarcinoma (Figure 2). Our study is the first to examine
changes in WT1 expression levels among various histological
subtypes of ovarian cancer using real-time PCR quantification,
and the results were consistent with those reported in previous
studies using immunohistochemistry (23-26).

Correlation between WT1 expression and CA125 levels or
age. We also examined correlations between WT1 expression
levels and other factors, including CA125 levels, age, body-
mass index, gravida, blood loss, and operation time. Positive
correlations were identified between WT1 expression levels
and serum CA125 levels (r=0.293, p=0.020) (Figure 3A) or
age (r=0.513, p=0.00002) (Figure 3B).

Association between WT1 expression and patient outcome.
We investigated the prognostic effect of WT1 expression in
patients with ovarian cancer. Eighteen patients (24.6%) had a
recurrence at the time of the last follow-up. The median copy
number of WT1 mRNA in patients without a recurrence was
24.30 (range=2.135-32,257) (n=45) while that with a
recurrence was 141.5 (range=7.610-5,668) (n=18), and a
significant (p<0.05) difference in WT1 expression levels was
observed between the two groups (Figure 4A). The median
disease-free survival (DFS) time was 253 days (range=42-
1,798 days) (n=48) and the median overall survival (OS) was
407 days (range=22-1,968 days) (n=63). The median copy
number of WT1 mRNA was 53.94, thus we used 53.94
copies as the cut-off level of WT1 expression for dividing
the 63 patients into two groups: Group-High comprised of
women whose levels of WT1 mRNA were ≥53.94, and
Group-Low comprised of women with WT1 mRNA levels
<53.94. The median DFS was 245 (range=48-1,768) days in

Group-High, and 302 (range=42-1,798) days in Group-Low.
The median DFS in Group-Low was significantly longer
(p=0.038) than that in Group-High (Figure 4B). The median
OS was 426 (range=117-1,945) days in Group-High, and 383
(range=22-1,968) days in Group-Low. The OS curves
showed no statistically significant (p=0.457) difference
between the two groups (Figure 4C). These results suggested
that the levels of WT1 mRNA may affect DFS in patients
with ovarian cancers.

Confirmation of correlation between WT1 mRNA and protein
expression. Figure 5A shows representative examples of
immunohistochemical staining for WT1. Immunohisto-
chemistry was performed in 20 specimens from 10 patients
with the highest and 10 patients with the lowest WT1 mRNA
levels. The staining scores of specimens with high WT1
mRNA expression were significantly higher than those with
low WT1 mRNA expression as a whole (Figure 5B). These
results suggested that the amount of WT1 mRNA expression
correlated with the protein expression levels. We also
investigated the WT1 staining score and mRNA expression
levels in each patient (Table II). There were some dissociations
between the levels of WT1 protein and mRNA expression.

Overexpression of WT1 enhanced the ability of cell
proliferation and invasion. Since our data indicated that high
levels of WT1 expression were related to aggressive clinical
features in ovarian cancer patients, we examined whether
WT1 overexpression enhanced proliferation and invasion into
ovarian cancer cells. We transduced SKOV3ip1 cells with
lentiviral constructs, each containing empty vector (control)
or WT1, and generated a stably WT1-expressing cell line.
Immunoblot analysis revealed WT1 expression at high levels
in SKOV3ip1 cells transduced with WT1 (Figure 5A).
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Figure 3. Correlation between WT1 expression and CA125 or age. (A) Serum CA125 levels increased significantly with WT1 expression levels
(r=0.293, p=0.020) in all subjects. (B) Age increased significantly with WT1 expression levels (r=0.513, p=0.00002) in all subjects. 



Forced expression of WT1 in SKOV3ip1 cells resulted in an
increase in cell proliferation compared with the control
(Figure 5A). To evaluate the effect of WT1 overexpression
on cell invasion, we evaluated random motility using a
Boyden chamber assay. Cell invasion was significantly
increased by up to 2.5-fold in WT1 overexpressing cells
compared to control cells (Figure 5B). These results
suggested that overexpression of WT1 transformed the cells
into more aggressive cell types in ovarian cancer.

Discussion

To our knowledge, this is the first report to quantify WT1
expression levels by quantitative PCR and investigate their
clinical relevance. We found that high levels of WT1
expression were associated with advanced FIGO stages,
lymph node and omentum metastasis, as well as ascites
production. WT1 was highly expressed in aggressive serous
carcinomas and carcinosarcoma. These results suggest that
high levels of WT1 expression are associated with aggressive
clinical conditions in ovarian cancer.

Several previous studies have used immunohistochemistry
to investigate the correlation between WT1 expression levels
and clinical features in ovarian cancer patients (19-22, 24,
25). In the present study, we used a real-time quantitative
PCR (qPCR) method to examine the precise quantification
of WT1 expression levels in clinical samples. WT1 is highly
expressed in patients with higher-stage cancers (p<0.05),
lymph node (p<0.001) and omentum (p<0.001) metastasis,
and ascites production (p<0.05) (Figure 1), while serous
(p<0.001) or carcinosarcoma (p<0.05) exhibited high levels
of WT1 expression compared to clear-cell adenocarcinoma
(Figure 2). Positive correlations were found between WT1
expression levels and serum CA125 levels (r=0.293,
p=0.020) (Figure 3A) or age (r=0.513, p=0.00002) (Figure
3B). These results were similar to results of previous studies
examining the correlation between WT1 expression levels
and their clinical relevance using immunohistochemistry (19-
26). Moreover, although WT1 was originally defined as a
tumor suppressor, subsequent study had reported that WT1
appears to exhibit oncogenic functions in ovarian cancer, as
well as in other tumors (11-14), and this was confirmed by
our in vitro data which indicated that WT1 overexpression
enhanced proliferation and invasion in ovarian cancer cells
(Figure 6).

In our study, a significant difference in WT1 mRNA
expression levels was observed between subjects with and
without recurrence (Figure 4A), and the median disease-free
survival in patients with low WT1 expression levels was
significantly (p=0.038) longer than that with high WT1
expression (Figure 4B). However, overall survival showed no
statistically significant (p=0.457) difference between the two
groups (Figure 4C). Patients with high WT1 mRNA

expression may have early recurrence and receive second-
line or third-line chemotherapy. The post-recurrence therapy
has a confounding effect on overall survival (33), thus, the
levels of WT1 mRNA expression could not impact on the
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Figure 4. The prognostic effects of WT1 expression levels in ovarian
cancer patients. (A) Kaplan-Meier plots of disease-free survival of
groups defined by WT1 expression levels. Group-High comprised of
women whose of WT1 mRNA levels were ≥53.94, and Group-Low
comprised women whose levels were <53.94. (B) Kaplan-Meier plots of
overall survival of groups defined by WT1 expression levels.



overall survival of patients with ovarian cancers. Previous
studies examining WT1 expression levels by use of
immunohistochemistry have demonstrated that WT1
expression in the clinical setting  may be of limited
prognostic value for ovarian cancers (24, 25). We found the
prognostic significance of WT1 mRNA expression levels in
the median disease-free survival. We investigated the
correlation between WT1 mRNA and protein expression in
20 specimens from 10 patients with the highest and 10
patients with the lowest WT1 mRNA levels, and found that
they correlated as a whole (Figure 5B), but did not correlate
in some cases (Table II). These inconsistent results might be
explained by the transcript variant. 

WT1 is subject to alternative splicing involving exon 5
(17AA) and three amino acids (KTS) at the end of exon 9,
producing four major isoforms (-17AA/-KTS, +17AA/-KTS,
-17AA/+KTS, and +17AA/+KTS) (34). A recent study

investigating WT1 isoform expression using real-time PCR
has reported that the ratio of WT1 isoform, particularly
+17AA variant, is probably crucial for the process of
malignant transformation in acute myeloid leukemia (27). A
major limitation of the present study was that we were not
able to detect the clinical relevance of WT1 isoforms. A
cohort study in a large number of patients with ovarian
cancers might show differences in not only disease free but
also overall survival by analyzing WT1 isoforms expression.

The National Cancer Institute ranks Wilms’ tumor 1 (WT1)
as the highest prioritization of cancer antigens (3). Clinical
trials using peptide vaccines against WT1 in patients with
several cancers are showing promising therapeutic effects (4),
and WT1 is one of the potential target antigens for a universal
vaccine in ovarian cancers (5). Our data suggest that high
levels of WT1 expression could be associated with the
aggressive clinical features in ovarian cancers. Taken together,
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Figure 5. Correlation between WT1 protein and WT1 mRNA levels. (A) Representative images of staining intensity score (0, +1, +2, +3, and +4) for
the WT1 antibody are shown. Magnification, ×200. (B) WT1 staining scores in 20 specimen  form 10 patients with the highest (High) and 10 patients
with the lowest (Low) WT1 mRNA levels are shown. WT1-staining score in the Low-group was significantly lower than that in the High-group,
suggesting that the amount of WT1 mRNA expression correlated with protein expression levels overall.



these data suggest that targeting WT1 could have therapeutic
implications for ovarian cancers.

In conclusion, this is the first report using a real-time qPCR
method that enables for precise quantification of WT1
expression levels in clinical samples. We found that high levels
of WT1 expression were correlated with aggressive clinical
features and disease-free survival in patients with ovarian
cancer. However, WT1 expression could not impact on overall
survival. Furthermore, since the present study was performed
using samples form a small number of patients, additional
work is required to identify the role of WT1, including its
isoforms in larger numbers of ovarian cancer patients.

Disclosure Summary  

The Authors have nothing to disclose.

Acknowledgements

We thank Dr. Yasuhiro Ikeda for providing us with the pHR-SIN-
CSGW dINotI plasmid. This work was supported,, in part, by
Grants-in-Aid Scientific Research No. 22390308 (to H.K.) and
No.24791680 (to T.O.) from the Ministry of Education, Culture,
Sports, Science and Technology of Japan, and in part by Grants-in-
Aid for the 21st Century Center of Excellence (COE) Program from
the Japan Society for the Promotion of Science.

ANTICANCER RESEARCH 34: 2331-2340 (2014)

2338

Figure 6. Enhanced expression of WT1 increases cell proliferation and migration. SKOV3ip1 cells were transduced with lentiviral constructs each
containing empty vector (Control) or WT1. The cells were plated at a density of 1×104 cells/well in 12-well plates and grown in M199:105 medium
with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin for 7 days. We counted cell numbers at 1, 3, 5, and 7 days. All experiments were
carried-out in triplicate. The values shown are the mean±SE (n=3) (A). Immunoblot analysis was performed to confirm the expression of WT1 in cells
transfected with empty vector or WT1 lentiviral construct (panel). Invasion of both cell lines was analyzed in Boyden chamber (Chemotaxicell).
Porous filters (8 μm pores) were coated on the underside by passive adsorption of type I collagen (BD Biosciences, CA, USA). Cells (5×104/well)
in M199:105 medium were plated into the upper chamber (Chemotaxicell) and transferred to the lower chamber (24-well) containing M199:105 with
10% FBS and allowed to invade for 4 h. Invaded cells adherent to underside of the filter were fixed and stained with Giemsa solution. Filters were
mounted onto microscope slides, and stained cells were counted at ×200 magnification in five fields per filter. Three independent experiments were
performed with a consistent result. The values shown are the mean±SE (n=3) (B).
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