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Introduction

In 1990, Call et al. cloned cDNA of the gene referred
to Wilms’ tumor on 11p13, and named it as WT1 gene
(Wilms tumor gene, WT1). This gene plays an important
role in regulating the proliferation and differentiation of
the embryo kidney and reproductive system [1, 2].
Although the WT1 gene was first studied as the tumor
suppressor gene of Wilms’ tumor, later studies indicated
that WT1 expression is altered in leukemia and many
solid tumors, such as breast cancer and thyroid cancer [3-
5]. It is then believed to have the activity of careinoid
gene, making it a “cancer gene” [6]. In recent years,
immunohistochemical experiments indicated that protein
WT1 had a high expression in ovarian epithelial carci-
noma, especially in serous cystadenocarcinoma, but had
no expression in normal ovarian tissue [7]. WT1 may
become an important target molecule for the early detec-
tion and treatment of ovarian carcinoma. In this paper we
took WT1 as the target spot, inhibited its expression by
the antisense oligonucleotide, and observed the impact of
WT1 antisense mRNA on the growth and apoptosis of
ovarian carcinoma cells.

Materials and Methods

Experiment grouping

Experiments were designed to have four groups:
– Control group: Adding only the transfection reagent of

PRMI-1640 without any serum or antibiotics;
– WT1 ASODN group: Adding transfection of SKOV3 cells

by liposome mediated antisense oligonucleotide;

– WT1 SODN group: Adding transfection of SKOV3 cells by
liposome mediated sense oligonucleotide;

– Lipofectamine group: Adding only the liposome.

Cell culture

The human ovarian epithelial serous tumor SKOV3 cell strain
was purchased from the Institute of Biochemistry and Cell
Biology, SIBS, CAS. SKOV3 cells were added to PRMI-1640
culture solution with 10% calf serum and then placed in an
incubator with a constant temperature of 37˚C and supple-
mented with 5% CO2 saturated humidity for the culture, about
0.25% trypsinization passage.

Synthesis of oligonucleotide

Oligonucleotide was synthesized by Sangon Biotech (Shang-
hai, China) Co., Ltd. The phosphorothioate modification for
three basic groups was performed at each terminal by the anti-
nuclease. It was then purified by HPLC. The sequence of WT1
antisense oligodeoxynucleotide (ASODN) was: 5’-GTCGGA
GCCCATTTGCTG-3’ (18bp); sequence of WT1 sense oligonu-
cleotide (SODN) is: 5’-CAGCAAATGGGCTCCGAC-3’
(18bp). The lyophilized powder of oligonucleotide was stored
in a refrigerator at -20˚C. Before using, de-ionized water was
added to reach the desired concentration.

Liposome mediated transfection

Lipofectamine 2000 (1 mg/ml) was purchased from Invitro-
gen. Solution A and Solution B were prepared according to the
specifications. Solution A: WT1 ODN was put into RPMI-1640
culture solution to obtain 20 uM; Solution B: 10 µl (l mg/ml)
liposome was added into 290 µl RPMI-1640 culture solution.
Solution A and Solution B were placed at room temperature for
30 min, and then gently mixed by equal-volume. The solution
was then placed at room temperature for another 10-15 min to
form the complex of liposome-ODN. As required by the exper-
iment, SKOV3 cells were implanted into different containers.
When the degree of cell fusion was up to 70%, it was replaced
by serum-free medium for 12 hours of starvation culture. The

Summary

Purpose: To study the effect of WT1 antisense oligodeoxynucleotide (ASODN) transfection on the proliferation and apoptosis of
SKOV3 cells. Methods: There were four groups in our study: normal control group, WT1 ASODN group, WT1 SODN group and
lipofectamine group. Cell apoptosis was observed by flow cytometry. The effect of WT1 ASODN on cell proliferation was assayed
by the MTT method. RT-PCR and Western blot were used to detect the expression level of WT1 mRNA and protein. Results: The
growth of the ovarian cancer cell line SKOV3 became significantly slower and its activity was reduced after being transfected by
WT1 ASODN, with the inhibition rate of 49.48%. WT1 antisense phosphorothioate oligonucleotides did not only inhibit cell prolif-
eration, arrest cell cycle at G0-G1 checkpoint and induce apoptosis in SKOV3 ovarian carcinoma cells, but also downregulated WT1
mRNA and protein expression, which contributed to the apoptosis (p < 0.05). Conclusion: WT1 antisense phosphorothioate oligonu-
cleotides could both inhibit the proliferation and induce the apoptosis in SKOV3 ovarin carcinoma cell lines. Antisense oligonu-
cleotides of WT1 may potentially help with the gene therapy of ovarian carcinoma.

Key words: WT1 gene; Ovarian epithelial carcinoma; Antisense oligonucleotide; SKOV3 cells; Transfection.

12 2042-31 - Effect of WT1:1998-31  25/11/11  09:57  Pagina 651



X. Huo, L. Ren, L. Shang, X. Wang, J. Wang 652

complex of liposome-ODN was added for about 18 hours of
transfection. The original solution was then replaced by PRMI-
1640 culture solution with 10% bovine calf serum. The meas-
urements were performed after four hours of culture.

Measuring the activity of cell proliferation by MTT method

After the cell transfection of different groups in a 96-hole
plate, 20 µl MTT (5 mg/ml) was added into each hole. The
culture continued for four hours. Extraction of the supernatant
fluid in the hole and then 150 µl DMSO was added in each of
them. Ten minutes of shaking and then the optical density was
measured at 490 nm by ELISA reader. The inhibition rate of
cell proliferation was determined by: inhibition rate of cell pro-
liferation = (1-optical density of experimental group/optical
density of control group) × 100%.

Measuring cell apoptosis by flow cytometry (FCM)

The transfected cells of different groups were collected, and
the number of each sample was adjusted to 106 pieces/ml. They
were fixed in 75% cold ethanol and preserved overnight at 4˚C.
The fixed cells were then washed twice by the forecooling PBS;
10 µl RNase A (1 mg/ml) was added followed by a water bath
for 30 min at 37˚C. Then 300 µl PI working solution was added
(50 µg/ml) and incubated for 30 min at room temperature in a
dark place. The cell cycle was measured with flow cytometry
and the proliferation index PI was calculated as PI =
(S+G2/M)/(G0/G1+S+G2/M). 

Another set of the transfected cells of different groups was
collected and washed by forecooling PBS; 250 µl binding buffer
solution was added for complete mixture. Then 5 µl annexin V-
FITC and 10 µl PI were added. Incubation took place for 15 min
at room temperature in a dark place. The measurement was then
performed with flow cytometry.

Detection of WT1 mRNA expression by RT-PCR

The transfected cells of different groups were collected, and
total RNA was extracted with the one-step method from Trizol
(TaKaRa Dalian Company). cDNA was synthesized for PCR
reaction. The WT1 primer sequence was: 

Forward 5´-GGCATCTGAGACCAGTGAGAA-3´, 
Reverse 5´-GAGAGTCAGACTTGAAAGCAGT-3´, 
with the amplified segment of 481 bp. 
The β-actin internal control primer sequence is: 
Forward 5´-CGCGAGAAGATGACCCAGATC-3´, 
Reverse 5´-ATCACGATGCCAGTGGTACGG-3´, 
with the amplified segment of 113 bp. 
For the outcomes of PCR (including 0.5µg/ml ethidium

bromide) 1% agarose gel electrophoresis was used. The relative
content of WT1 mRNA was represented by the absorbance ratio
of WT1 to internal control β-actin of the same sample.

Detection of WT1 protein expression by Western blot

The cells of different groups were again collected and cell
lysis was taken to extract the total protein; 5× sample storage
solution was added with equal-volume. After being boiled for 5
min, the samples for electrophoresis were taken. The protein to
PVDF membrane was transferred on the transfer unit (Bio-Rad
Company) and blocked for one hour in the blocking buffer at
room temperature. WT1 thioredoxin 1 was diluted by the anti-
body dilution solution and then placed overnight at 4˚C. The
membrane was washed three times by TBST before adding the
goat anti rabbit IgG (1:2000), which was marked by the diluted
horseradish peroxidase. After one hour of culturing at room
temperature and another washing three times by TBST, the ECL

system was applied for 3 min. X-ray films was exposed, devel-
oped and fixed. WT1 protein expression is represented by the
ratio of WT1 to the optical density on the relative GAPDH
protein band.

Statistics

SPSS13.0 was used for the statistical analysis. The data with
normal distribution is represented by mean ± standard deviation
(Χ ± S). The χ2 test was used for the comparison of enumeration
data, and t-test was used for the comparison between the sample
averages of measurement; p < 0.05 indicates that there is a sig-
nificant difference, and p < 0.01 means extremely significant.

Results

Effect of WT1 antisense mRNA transfection on SKOV3
cell proliferation

After transfection, obvious inhibition of cell prolifera-
tion in the ASODN group was observed compared with the
control group, with an inhibition rate of 49.48%. The inhi-
bition rate was not as high for the SODN group and lipo-
fectamine group, with rates of 5.70% and 4.05% respec-
tively. The difference was significant (p < 0.05, Figure 1).
This indicated that the transfection of WT1 antisense
oligodeoxynucleotides on ovarian carcinoma SKOV3 cells
could significantly inhibit the cell proliferation.

Effect of WT1 antisense mRNA transfection on SKOV3
cell cycle and cell apoptosis

The results of flow cytometer measurement showed
that the rate of cell distribution in the GO-G1 phase was
79.10 ± 2.79% for the ASODN group, and 63.45 ±
2.13%, 63.18 ± 2.60% and 65.10 ± 3.10% for the control
group, SODN group and lipofectamine group, respec-
tively. There was a significant difference of distribution
rate between the ASODN group and the control group
with p < 0.05, while there was no significant difference
between the others groups (Figure 2). The rate of cell dis-
tribution in the S phase and G2-M phase was totally dif-
ferent. The calculated proliferation index for the ASODN
group was 20.98 ± 2.80%, while 36.54 ± 2.06%, 36.81 ±
2.63% and 34.91 ± 3.00% for the control group, SODN
group and lipofectamine group, respectively. As indi-
cated, after reacting on SKOV3 cells, WT1 antisense
oligodeoxynucleotides would increase the cell count in
the G0-G1 phase, reduce the one in the S phase and G2-

Figure 1. — The inhibitory rate after transfected by MTT assay.
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M phase and thus significantly inhibit cell proliferation.
The experimental results also showed a significant increase
of cell apoptosis in the ASODN group, with the apoptosis
rate of 13.18 ± 2.00%, while 2.40 ± 0.52%, 2.33 ± 0.63%
and 2.73 ± 0.66% for the control group, SODN group and
lipofectamine group, respectively. The difference was sig-
nificant (p < 0.01, Figure 3), which indicated that the trans-
fection of WT1 antisense oligodeoxynucleotides notice-
ably increased the apoptosis rate of ovarian carcinoma
SKOV3 cells.

Impact of transfection of WT1 antisense mRNA on WT1
mRNA expression of SKOV3 cells

RT-PCR results showed a distinctly lower expression of
WT1 mRNA in the ASODN group compared to the
others (Figure 4), with a significant difference (p < 0.05).
It meant that liposome mediated transfection of SKOV3
cells by WT1 antisense oligodeoxynucleotides effectively
reduced the expression of the WT1 gene.

Effect of WT1 antisense mRNA transfection on WT1
protein expression of SKOV3 cells

The WT1 protein expression of SKOV3 cells in differ-
ent groups was examined by the Western blot method.
Results showed that the expression level of WT1 protein
in the ASODN group was significantly lower than the one
in the control group and others, with p < 0.05 (Figure 5).
There was no significant difference among the other three
groups. It meant that the transfection of WT1 antisense
oligodeoxynucleotides effectively reduced the expression
of WT1 protein in ovarian carcinoma SKOV3 cells.

Discussion

A malignant tumor is one of the most serious diseases
harmful for human health. Its complexity of pathogene-
sis is not only connected with the activation of multiple
proto-oncogenes, uncontrollable proliferation and abnor-
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Figure 2. — Effect of WT1 ODNs on cell cycle distribution of SKOV3 cells (%). A: normal control group; B: WT1 ASODN group;
C: WT1 SODN group; D: lipofectamine group.

12 2042-31 - Effect of WT1:1998-31  25/11/11  09:57  Pagina 653



X. Huo, L. Ren, L. Shang, X. Wang, J. Wang 654

mal differentiation of cells resulting from the inactivation
of tumor-suppressor genes, but also related to the reduc-
tion and uncontrollable apoptosis of tumor cells. Ovarian
carcinoma is one of the most prevalent malignant tumors
of the female reproductive system, with increasing inci-
dence and poor prognosis in recent years. The key to
increase the 5-year survival rate of ovarian carcinoma and
improve prognosis is to study its pathogenesis and seek
early diagnosis and available treatment.

The WT1 gene was first separated out from fetal
nephroblastoma as a tumor-suppressor gene; about 50 Kb
long and with ten exposits. The carboxyl terminal has the
zinc finger structure, as the functional binding domain of
sequence specificity. The amino terminal includes glu-
tamic acid and proline, and works as the activation
domain. Though the WT1 gene was firstly found as the
tumor-suppressor gene of Wilms' tumor, later researches
proved that the zinc finger protein with the molecular

Figure 3. — Effect of WT1 ODNs on cell apoptosis of SKOV3 cells (%). A: normal control group; B: WT1 ASODN group; C: WT1
SODN group; D: lipofectamine group.

Figure 4. — Effect of WT1 ODNs on expression of WT1 mRNA. A: Normal control group; B: WT1 ASODN group; C: WT1 SODN
group; D: lipofectamine group.
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weight of about 52-54KD was actually some kind of reg-
ulator factor of bidirectional transcription [8], and had the
functions of both transcriptional activation and suppres-
sion. In many types of tumor tissues, we could observe
the abnormal expression of the WT1 gene, including
over-expression, deletion, mutation and translocation,
which all confirmed its significant regulation of the mul-
tiple biological behavior of tumors [9]. Furthermore,
many researchers [10, 11] believe that the WT1 protein is
an important tumor rejection antigen with the immuno-
genicity for tumor immunotherapy research. A clinical
trial aiming at tumor immunotherapy of WT1 by taking
patients with leukemia and solid tumors as the subjects
has been undertaken. Since the WT1 gene has a high
expression in ovarian epithelial carcinoma, especially
serous cystadenocarcinoma, the application of WT1 anti-
sense mRNA in theory would remove the high expression
of tumor gene and thus inhibit the proliferation of tumor
cells for therapeutic purposes.

This experiment adopted the liposome mediated-
method of WT1 antisense ASODN transfection. By a
series of experiments, the impact on proliferation and
apoptosis of human ovarian carcinoma SKOV 3 cell
strain was observed in vitro. By the aid of the MIT 
experiment we measured cell proliferation after transfec-
tion under different conditions. The results showed
obvious inhibition of cell proliferation in the ASODN
group, with a significant difference compared to the
control group; while was observed no significant differ-
ence between each of the other groups. It indicated that
the action of WT1 antisense oligodeoxynucleotides on
ovarian carcinoma SKOV3 cells could significantly
inhibit cell proliferation. FCM detection showed a
marked increase of cell apoptosis rate in the ASODN
group, while the cell cycle analysis indicated an increase
of cell count in the G0-G1 phase and decrease in the S
phase and G2-M phase, along with a decreased prolifer-
ation index. It indicated that WT1 antisense
oligodeoxynucleotides caused DNA damage before
SKOV3 cells began the synthesis phase, which made the
cells stay in the G0-G1 phase and then induced cell apop-
tosis. RT-PCR results showed a distinctly significantly

lower expression of WT1 mRNA in the ASODN group
compared to the others (p < 0.05). It meant that liposome
mediated transfection of the WT1 antisense
oligodeoxynucleotides effectively closed the expression
of the WT1 gene. The experimental results also showed
that the expression level of WT1 protein in the ASODN
group was obviously lower than the one in the control
group and others (p < 0.05). It meant that the transfection
of WT1 antisense oligodeoxynucleotides decreased the
expression of WT1 protein in ovarian carcinoma SKOV3
cells at the level of protein translation. The mechanism of
action is: WT 1 antisense oligodeoxynucleotides com-
bined with WT1 mRNA to form the complex of RNA-
DNA and thus prohibited the translation of protein by
mRNA, which can promote cell proliferation. During that
process, RNase H enzymes in the cells can identify the
compound molecule of RNA-DNA and then cut it off, as
a non-mechanical barrier.

In conclusion, in our opinion, WT1 antisense mRNA
can block the WT1 gene, reduce the expression of WT1
protein, regulate the cell cycle, induce apoptosis of
ovarian carcinoma cells, and specifically inhibit the
growth of ovarian carcinoma SKOV3 cells, and thus
inhibit the malignant proliferation of cells. It provides
treatment of ovarian carcinoma with a new clue and it
may become a new approach for the treatment of ovarian
carcinoma. Further studies are still required on its mech-
anism of action and the action effects in vivo.
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