
Introduction

Ovarian carcinoma is the leading cause of death among

gynecological cancers and the fifth most common cancer

in women. As a natural antitumor drug, paclitaxel has been

proved to be very promising against epithelial ovarian car-

cinoma [1]. The present authors’ earlier studies had shown

that Wilms tumor gene (WT1) had a high expression in ep-

ithelial ovarian carcinoma, but no expression in normal

ovarian tissue [2]. To further expand aforementioned re-

sults on WT1 gene therapy, the authors applied paclitaxel

chemotherapy to ovarian carcinoma subcutaneous trans-

plantation tumor, and tested the changes of the expression

of bcl-2, WT1, and WT1 mRNA after treatment.

Materials and Methods

Cell culture
SKOV3 cells were added in PRMI-1640 culture solution with

10% calf serum and then place it an incubator with constant tem-

perature of 37°C and 5% CO2 saturated humidity for the culture,

with about 0.25% trypsinization passage.

Animal model
For subcutaneous implantation, SKOV3 cells were resuspended

to a final concentration of 2×10

7

cells/ml. Each of four nude mice

was inoculated with 0.2 ml volume of the cell suspension for a final

dose of 4×10

6

cells. Five weeks later, fragments of human ovarian

carcinoma implanted tumor were implanted subcutaneously in other

experimental mice near the right dorsum area using an 18-gauge

trocar needle and allowed to grow. A sufficient number of mice

were implanted so that tumors in a weight range as narrow as pos-

sible were selected for the study on day 12 post-implantation.

Laboratory animal grouping
The nude mice were maintained under specific-pathogen-free

conditions. Food, water, and sawdust bedding were autoclaved,

and the mice received chow and water ad libitum. All animal stud-

ies were accepted by the Experimental Animal Committee of SIBS,

CAS. Sixteen nude mice selected with tumors in the close size

range were divided randomly into two groups. All treatments were

initiated on day 12 post-implantation. Taxol [3] six-mg/ml con-

centrate was used through the tail vein at a dose of 20 mg/kg for

the treatment group of BALB/C nu/nu female nude mice and in-

jected every third day. Treatments were terminated on day 30 after

tumor implantation. Control group mice received same amount of

saline and the same period of time as the treatment group. The mice

were observed daily and weighed twice weekly, commencing from

the first day of treatment and clinical signs were noted. Tumor di-

ameters were measured every third day with digital calipers.

All mice were sacrificed on day 30 post-implant. Xenografts

were surgically excised and weighed. The xenograft tumors were

used for hematoxylin-eosin (H&E) staining, flow cytometry, im-

munohistochemical staining, and reverse transcription-poly-

merase chain reaction (RT-PCR).

Flow cytometry
The ovarian carcinoma xenograft tumors were smashed and fil-
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tered into cell suspension. The cell suspension was then cen-

trifuged at 1,000 RPM in phosphate-buffered saline (PBS) for five

minutes, filtrated by sieve, and then rinsed twice with PBS. After

centrifuging off the PBS, it was fixed in 75% cold ethanol and

preserved over night at 4°C. The fixed cells were washed twice by

the forecooling PBS, and the number of each sample was regu-

lated as 1×10

6

pieces/ml. Ten μl RNase A (one-mg/ml) was added

and then taken for water bath for 30 minutes at 37°C. 300μl PI

working solution (50 μg/ml) was added and it was then incubated

for 30 minutes at room temperature in a dark place. The cell cycle

was measured by flow cytometry, and the cell apoptosis was de-

tected by Annexin V-FITC and PI staining. The proliferation index

(PI) was calculated as PI=(S+G2/M)/(G0/G1+S+G2/M).

Histology and immunohistochemistry
Mice tissue samples were excised and immersed in 4%

paraformaldehyde for four to six hours, followed by overnight im-

mersion in 15% sucrose. The specimens were embedded in paraf-

fin and five-μ thick sections were processed for H&E, bcl-2

monoclonal antibody, and WT1 polyclonal antibody. The antibody

dilutions were 1:200. The known positive section was used as a

positive control, and the PBS was set as negative control, instead

of primary antibody. Sections were examined under light mi-

croscopy. Experienced pathologist analyzed the histopathology of

tumors. The immunoreactive score (IRS) was calculated by the

staining intensity (SI) and positive cell percentage (PP) of tumor

cells, as IRS = SI × PP. In SI grading system, non-stained case is

0, light yellow is 1, and claybank is 2. The proportion of positive

cells was evaluated as follows: 0 = 0−10%, 1 = 10−24%, 2 =

25−49%, 3 = 50−74%, and 4= 75−100%. The average IRS of

every case was calculated. 0 was regarded as negative, 1-4 as 1+,

5−8 as 2+, and 9−12 as 3+.

RT-PCR
One hundred mg fresh tumor tissues were collected and the total

RNA was extracted by Trizol at one time. cRNA was synthesized

by normal method and was taken for PCR reaction. WT1 primer

sequence: forward 5´-GGCATCTGAGACCAGTGAGAA-3´, re-

verse 5´-GAGAGTCAGACTTGAAAGCAGT-3´, with amplified

segment of 481bp. β-actin internal control primer sequence: for-

ward 5´-CGCGAGAAGATGACCCAGATC-3´, reverse 5´-AT-

CACGATGCCAGTGGTACGG-3´, with amplified segment of

113bp. One-percent agarose gel electrophoresis was used for the

outcomes of PCR (including 0.5 μg/ml ethidium bromide) and

represented the relative content of WT1 mRNA by the absorbance

ratio of WT1 to internal control β-actin of the same sample.

Statistical analysis
Statistical analysis was carried out using SPSS statistical soft-

ware (SPSS Statistical, ver.15.0). The data with normal distribu-

tion is represented by mean ± standard deviation (x ̄ ± S). The χ2

test was used for the comparison of enumeration data, and t-test

was used for the comparison between the averages of measure-

ment; p < 0.05 indicates that there is a significant different and p
< 0.01 indicates extreme significance.

Results

H&E stain
All the xenografted tumor tissue was sliced for H&E

stained pathological sections. The carcinoma cells of con-

trol group exhibited vital characteristic of poor differential

ovarian carcinoma (Figure 1A). The carcinoma cells of pa-

clitaxel treatment group decreased, were loosely arranged,

and showed large necrotic area (Figure 1B). Degenerative

changes, such as chromatic agglutination, karyopyknosis,

and nuclear fragmentation, were also be observed. Some

carcinoma cells also showed different degree of hypertro-

phy and vacuolar degeneration. The results proved that the

morphology changes of cell apoptosis had occurred in pa-

clitaxel treatment group. The two groups all possessed the

morphologic characters of malignant tumor, which indi-

cated that the xenotransplanted ovarian carcinoma in nude

mice was successfully established and met the demands of

subsequent experiments.

Detection of cell apoptosis and cell cycle by flow cytome-
try

There was an apparent block in G2/M phase and apop-

tosis of paclitaxel treatment group. The PI of treatment

group and control group was 45.49 ± 2.78% and 35.82 ±

2.44%, respectively. The apoptosis rate of treatment

group and control group was 12.74 ± 1.22% and 3.09 ±

1.76%, respectively. The differences were significant (p
< 0.01, Figures 2 and 3). The results of flow cytometry

proved that apoptosis had been successfully induced in

xenotransplanted carcinoma of nude mice by paclitaxel

Figure 1. — H&E

staining of xenograft-

ed tumor tissue. A:

control group. B: pa-

clitaxel treatment

group.

A B
A B
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chemotherapy. The next step was to detect the changes

of some possible indexes related to cell apoptosis.

Detection of the bcl-2 and WT1 protein expression by im-
munohistochemistry

The tumor cells were observed and photographed under

light microscopy. The positive expression of WT1 protein

was claybank particle mainly located in the cell nucleus,

and the positive material of bcl-2 protein was mainly lo-

cated in the cell cytoplasm or membrane, presenting yel-

low, claybank, or sepia particle. Negative (negative

control reagent) and positive controls (Wilms’ tumor for

WT1, human tonsil for bcl-2) were performed for sepa-

rate runs of each antibody (Figures 4 and 5).

The expressions of bcl-2 and WT1 protein are shown in

Tables 1 and 2, respectively. The expression of anti-apop-

tosis genes bcl-2 in treatment group was lower than that

of the control group. The difference of the two groups was

statistically and extremely significant ( p <0.01). The ex-

pression of WT1 protein in treatment group was also de-

creased compared to control group. There was also a

significant difference in the two groups (p < 0.05). The re-

sults showed that the expression of WT1 protein was de-

clined during the apoptosis of ovarian carcinoma, and it

indicated to be related with the anti-apoptosis genes bcl-2.

Detection of WT1 mRNA expression by RT-PCR
The agarose gel electrophoresis results of WT1 mRNA

expression are shown in Figure 6. The expression of WT1

Figure 3. — Detec-

tion of apoptosis in

xenografted tumor tis-

sue. A: control group.

B: paclitaxel treat-

ment group.

A B

Figure 2. — Detection of cell period in xenografted tumor tissue. A: control group. B: paclitaxel treatment group.

A B
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mRNA in paclitaxel treatment group was significantly

lower than that in control group, and the difference was sta-

tistically significant (p < 0.05). It indicates that there was

not only the downregulation expression of WT1 protein,

but also the decrease of WT1 mRNA expression in the

apoptosis process of the ovarian xenotransplanted carci-

noma that was induced by paclitaxel chemotherapy. As a

result, the authors speculated that WT1 may play an im-

portant role in the apoptosis of ovarian xenotransplanted

carcinoma.

Discussion

WT1 gene was first separated from fetal nephroblas-

toma and was believed to be related to the occurrence and

development of fetal nephroblastoma. In many types of

tumor tissues, such as ovarian cancer and breast cancer

[2, 4, 5], abnormal expression of WT1 gene was ob-

served, including overexpression, deletion, mutation, and

translocation, which all confirmed its significant regula-

tion of multiple biological behavior of tumor [6]. The

DNA binding regulatory transcription protein coded by

Figure 4. — Expres-

sion of bcl-2 in

xenografted tumor tis-

sue. A: control group.

B: paclitaxel treat-

ment group.

A B
A B

Figure 5. — Expres-

sion of WT1 in

xenografted tumor tis-

sue. A: control group.

B: paclitaxel treat-

ment group.

A B
A B

Table 1. — Expression of bcl-2 protein in nude mice xenograft tumors.
Numbers Numbers of Expression of bcl-2 Positive rate χ2 p
of slices visual fields - + ++ +++ (%)

Control group 8 80 12 13 37 18 85.00

6.764 <0.01

Treatment group 8 80 26 22 22 10 67.50

Table 2. — Expression of WT1 protein in nude mice xenograft tumors.
Numbers Numbers of Expression of WT1 Positive rate χ2 p
of slices visual fields - + ++ +++ (%)

Control group 8 80 24 24 20 12 70.00

5.891 <0.05

Treatment group 8 80 39 20 14 7 51.25
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WT1 can interact with many genes, such as p53, bcl-2,

and c-myc, which all related to apoptosis [7]. The pres-

ent research studied xenotransplanted ovarian carcinoma

in nude mice treated with paclitaxel. Immunohistochem-

istry, RT-PCR and flow cytometry were applied to detect

the expressions of WT1 and apoptosis-related genes in

transplantation tumor. The possible role of WT1 in the

occurrence and development of ovarian carcinoma apop-

tosis was discussed. The present authors’ objective was to

evaluate the possibility of using WT1 as a new effective

molecular label in early diagnosis, differential diagnosis,

treatment, and estimating prognosis of ovarian carci-

noma. 

Malignant ovarian tumors are sensitive to chemother-

apy. Even for advanced epithelial ovarian carcinoma, sat-

isfied clinical curative effects could be achieved after

chemotherapy treatment. Paclitaxel is a taxane compound

that is routinely given as first-line therapy alone or in

combination with platinum-based drugs for the treatment

of ovarian carcinoma. The action mode of Paclitaxel is a

unique stabilizing effect on microtubules, resulting in in-

hibition of the dynamic reorganization of the microtubule

network. Studies have concluded that paclitaxel arrests

the cell cycle at G2/M followed by double-stranded DNA

brakes consistent with apoptosis [8]. WT1 gene is ex-

pressed selectively in various types of tumors, reported

by Li et al. [9]. The excessive expression of WT1 pro-

moted the abnormal proliferation of aberrant cells by mi-

tosis and decreased the apoptosis in G2/M phase. This is

believed to be related with the immune escape and drug

resistance of tumor cells. Recent studies have also shown

that the apoptosis induction mechanism of Paclitaxel is

not only due to stabilizing microtubules dynamics and ar-

resting G2/M phase, but also may be the result of con-

current or interactional effects of various factors and

mechanisms. Studies [10] also found that Paclitaxel acti-

vates c-Jun-terminal-kinase (JNK) or protein-kinase A

(PKA), leading to the phosphorylation of the antiapop-

totic Bcl-2 protein. There may be many signal transduc-

tion pathways in the apoptosis inducted by Paclitaxel. To

our knowledge, the main endogenetic modulating factors

are apoptosis-related genes, such as bcl-2, Bax and p53,

and their products. As one of the important apoptosis in-

hibitor gene, bcl-2 plays a crucial role in cellular survival

and apoptosis [11]. The expression of bcl-2 varied in dif-

ferent tumor and is closely related with the initiation, pro-

gression and prognosis of various malignancies [12, 13].

Experiments have proved that there was an integral

WT1/EGR binding site in the second exon of bcl-2. WT1

may play an important role in the regulation and control

of apoptosis by modulating the transcription of bcl-2 [14,

15].

The subcutaneous tumor model of human ovarian car-

cinoma in nude mice was successfully established in the

present authors’ studies. The growth of the subcutaneous

transplanted tumors was reduced after paclitaxel

chemotherapy treatment. Histological examination re-

vealed heavy haemorrhage and necrosis in the tumor tis-

sues and confirmed substantial cell apoptosis in the

treatment group. The alteration of cell cycle and apopto-

sis rate was detected by flow cytometry. A typical sub-

diploid peak was observed in paclitaxel treatment group.

The apoptosis rates and the G2/M phase cells ratio in

treatment group increased significantly (p < 0.05), com-

pared with the control group. Cell apoptosis was also con-

firmed in the subcutaneous transplantation tissue of

paclitaxel treatment group. Immunohistochemical SP

method was then adopted in detecting WT1 and bcl-2 pro-

tein expression in subcutaneous transplantation tissue.

The expressions of WT1 and bcl-2 protein was reduced

in treatment group compared to control group, and the dif-

ferences were significant (p < 0.05). Half quantity RT-

PCR was then used to study the expression of WT1

mRNA in subcutaneous transplantation tissue. RT-PCR

analysis demonstrated a significant decrease (p < 0.05) in

the level of WT1 mRNA after treatment of paclitaxel. It

was confirmed at the level of gene transcription and pro-

tein translation, that the presence of apoptosis cells in

ovarian carcinoma is accompanied by the reduction of

WT1 protein and WT1 mRNA. All the studies have shown

that WT1 gene is involved in the ovarian carcinoma cell

apoptosis, and the mechanism may be related with the

apoptosis suppression protein bcl-2.

Conclusion

In conclusion, immunohistochemistry, flow cytometry

and RT-PCR were applied in the authors’ studies to ob-

Figure 6. — Expression of WT1 mRNA. A: control group. B: pa-

clitaxel treatment group.
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serve the expression changes of WT1 mRNA, WT1 pro-

tein, and bcl-2 protein in subcutaneous transplantation tis-

sue treated with paclitaxel. The reduction of WT1 activity

and inhibition of the WT1 protein was observed during the

ovarian carcinoma cell apoptosis induced by paclitaxel

treatment. In the authors’ previous studies, high level of

WT1 was found in human ovarian carcinoma tumors [2].

Based on all the results, they believe that the WT1 gene

plays a positive and important oncogenic role in the patho-

genesis of ovarian carcinoma, and its role and mechanism

in the course of ovarian carcinoma apoptosis might be re-

lated with apoptosis suppression gene bcl-2. The results of

the authors’ studies suggested that further study on the role

and mechanism of WT1 in the occurrence and develop-

ment of ovarian carcinoma may have significant impacts

on the molecular targeting therapy and gene therapy in the

future. 
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