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Abstract

The Wilms tumor gene 1 (WTT1) is a tumor suppressor gene that encodes a zinc
finger transcription factor that is inactivated in a subset of Wilms tumors. It plays a
crucial role in growth, development and proliferation of some embryonic and adult
organs. In various types of hematopoietic and solid malignancies, WT1 is expressed
as a tumor associated antigen (TAA) and it can also consider as a useful marker for
monitoring of minimal residual disease (MRD) and targeted immunotherapy. The
aim of the present study is to evaluate the expression levels of the WT1 consider
mRNA in the Paraffin-embedded tissue blocks from 86 patients with different
stages of newly diagnosed ovarian cancer and 14 samples of patients with benign
ovarian tumors tissues were used as a control group using a reverse transcriptase
polymerase chain reaction (RT-PCR). The present study showed that WT1 mRNA
was expressed in 79 (79%) of samples, 68 with ovarian cancer and 11 benign
ovarian tum or. According to malignancy status the percentage of patients with
WTI1-positive gene expression was significantly higher in comparison with benign
tumor patients. The present study showed no significant correlation between WT1
expression level and age, menopausal state and family history. In correlation to the
histopathologic tumor types, the endometriod ovarian tumors showed statistically
significant differences in the level of WT1 gene expression comparing with other
tumor types. In correlation with tumor stages, although samples with stage [ showed
the highest level of WT1 gene expression comparing with stage 111, but statistically
no significant difference was found between stages. The present study results
reflected the possibility of detecting of that gene transcript in benign as well as the
malignant tumor samples but with wide differences in the sample percentages and
level of gene expression which in turn reflect the value of WT1 gene as a useful
tool for discriminating malignant ovarian tumor from non-malignant ones, on the
other hand the elevated levels of expression of WT1 gene in stage I sample may

reflect the usefulness of WT1 for early detection of ovarian cancer.
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1. Introduction:

Ovarian cancer is one of the five leading
causes of cancer related mortality in women
in developed countries [1]. About )70%( of
epithelial ovarian cancers are detected at a late
stage because of the lack of reliable screen-
ing methods. Consequently, there is a serious
need to develop novel diagnostic, prognostic
and predictive biomarkers for development
of improved personalized treatment for ovar-
ian cancer. Most of human malignancies are
due to accumulation of mutations within tu-
mor-suppressor genes and oncogenes [2]. The
Wilms’ tumor 1 (WT1) gene locus on DNA is
11p13, it was first cloned in 1990 as a suppres-
sor in Wilms’ tumor [3]. The protein product
of this gene is a zinc finger transcription factor
participated in tissue development, prolifera-
tion and differentiation, and in a programmed
cell death (apoptosis), and is classified as a
tumor suppressor gene [4]. Subsequent stud-
ies indicated that WT1 gene might play an on-
cologic role in hematologic malignancies like
leukemia and in a variety of solid tumors like
ovarian cancer, breast cancer, soft tissue sar-
coma and glioblastoma [5, 6, 7 and §].

WT1 expression has been detected in epi-
thelial type of ovarian tumor [9]. It has limited
reactivity in ovarian serous carcinomas, and
is not found in mucinous carcinomas [10, 11].
It’s believed that the origin of epithelial ovar-
ian tumors is the normal epithelium of ovary.
Many factors including Type I collagen, are
play a big role in metastasis of ovarian tumor

[12]. Accumulation of collagen- binding in-

tegrins trigger expression of the transcription
factor called early growth response 1 (EGR1)
[13] and following initiation of membrane
type 1 matrix metalloproteinase (MT1-MMP)
activity which increase the effect of colla-
gen invasion [14, 15], and the anchoring of
metastatic lesions occurred in consequence
of that. The protein product of WT1 gene is a
zinc-finger transcriptional activator factor that
binds to a DNA sequence element common to
the Early Growth Response family [16]. The
WT1 gene expression is positively linked with
epithelial ovarian cancer [17]. The aim of this
study, therefore, was to determine the levels
of WT1 gene expression and evaluate the role
of this gene in ovarian cancer diagnosis and

prognosis.

2. Materials and Methods:

The study group included 86 Paraffin-
embedded tissue blocks from patients with
different stages of newly diagnosed Inva-
sive ovarian cancer were provided by certain
Iraqi hospitals (including Al-Kadhemia, AL
-Yarmouk Teaching Hospital, Baghdad Hos-
pital, the Teaching Laboratories of Medical
City, Nuclear Medical Hospital in Baghdad
and Alsader Hospital in Misan) after patients
underwent to total abdominal hysterectomy
and bilateral salpangio-oopherectomy (TAH-
BSO), subtotal abdominal hysterectomy, vag-
inal hysterectomy, and endometrial biopsy,
14 samples of patients with benign ovarian
tumors tissues were used as a control. The re-

quired tumor’s and patient’s information was
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recorded from the patients’ files. The Paraffin-
embedded tissue blocks were sectioned into
10um in DNase-RNase free tubes for mo-
lecular evaluation. Samples subjected to RNA
extraction and molecular study by using Real
Time Reverse Transcription-PCR at Molecu-
lar Oncology Unit in Guy's hospital — Kings
College/London.

2.1. RNA extraction and RT-PCR assay:

The total RNA was extracted using the
RNeasy FFPE kit which designed for puri-
fying total RNA from FFPE tissue sections
(Qiagen- USA) following the protocol pro-
vided by the manufacturer. Total RNA was
reversely transcribed using Thermo-Scrip
Reverse Transcription kit (Invitrogen/USA).
The procedure was carried out in a reaction
volume of 20 pl (2 ul RT buffer, 0.8 ul ANTPs
mix, 0.2 ul RT random primers, 1 pl reverse
transcriptase, 1 pl RNase inhibitor and 15 pl
total RNA). Reverse transcription protocol
was as follows: stage 1; 25°C for 10 minutes,
stage 2; 37°C for )120(minutes, stage 3; 85°C
for 5 minutes, stage 4; 4°C for co. cDNA was
stored at -80 °C until use.

Serial dilutions of ¢cDNA were used for
preparing of standard curve. Standard curve
were prepared for both target and endogenous
control gene Phospho Glycerate Kinase 1
(PGK1). Quantitative real-time PCR assays
were performed in triplicate using the Ap-
plied Bio systems 7900. SYBR Green master
mix and Real time PCR primer designed with

Primer3 (http: //www. ncbi.nlm.nih.gov/tools/

primer-blast/) (Table 1) were used for quanti-
tative assessment. The 20 ul of reaction vol-
ume containing10 pl of SYBR Green master
mix, 1 pl of primer mixes, Sul of RNase free
water and 4l of cDNA template. Real-Time
PCR protocol was as follows; stage 1: 50°C
for 2 minutes, stage 2: 95°C for 10 min, stage
3: in a two-step cycle procedure (95°C for 15
Sec. and 65°C for 1 min) repeated for 6 cycles
and stage 4: in a two-step cycle procedure
(95°C for 15 Sec. and annealing 61°C for 1
min) repeated for 40 cycles. The slope of a
standard curves was used to evaluate the PCR
amplification efficiency of the real-time PCR
reaction.

For each sample, the Ct value is used to
compare across all samples. The Ct is in-
versely proportional to the amount of starting
mRNA of the target gene (WT1) as well as the
endogenous control gene, Phospho Glycerate
Kinase 1 (PGK1). The relative fold change ra-
tio of the target gene in the sample was calcu-
lated as described below:

Log copy (endogenous control gene) = (Ct
-32.85) /-3.3592

Copy number (endogenous control gene) =
10"Log copy

Log copy (WT1) = (Ct -34.82) /-3.5126

Copy number (WT1) = 10"Log copy

Fold change = Copy number (WT1)/Copy

number (endogenous control gene)
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Table (1): Primers sequences

Primer
WT1-F
WT1-R 5'-

PGK1-F 5'-

PGK1-R

3. Statistical Analysis
The Statistical System-SAS
(2012) program was used to effect of differ-

Analysis

ence factors in study parameters. Chi-square
test was used to significant compare between
percentage and least significant difference —
LSD test was used to significant compare be-
tween means in this study.

4. Results:

The patients’ age range was 14-70 years
and the median was 47 years. According
to the family history for ovarian cancer, all
samples were negative. Clinical features of
ovarian cancer samples are listed in table 2.
In regard to the menopausal state of ovarian
cancer patients, 40(46.5%) of samples were
premenopausal, while 46(53.5%) of them
were postmenopausal. According to the In-
ternational Federation of Gynecology and
Obstetrics (FIGO) surgical staging system,
most of samples 70(81.4%) came with stage I,
while the other samples 16 (18.6%) with stage
ITI. According to the tumor histological types,
the samples were divided into three clinical

groups; surface epithelial tumors 76(88.3%)

CAGGTCATGCATTCAAGCTG

Sequence

5'- AGGCTTTGCTGCTGAGGAC -3’

=37

GGGAAAAGATGCTTCTGGGAA -3’
5'- TTGGAAAGTGAAGCTCGGAAA -3’

samples, sex cord tumors 6(6.9%) samples,
and germ cell tumors 4(4.65%) samples.

By using the mean value of WT1 gene ex-
pression in benign tumors (5.302) as the cutoff
value to separate tumor samples into WT1-
positive and WT1-negative, the present study
showed that out of 86 samples with ovar-
ian cancer, WT1 was positively expressed in
68(79.1%) of samples, which showed statisti-
cally significant differences (p value=0.00238,
p <0.01) in compare with WT1-negative sam-
ples 18(20.9%). According to malignancy sta-
tus the ovarian cancer patients with WT1-posi-
tive gene expression showed the highest levels
of WT1 gene mRNA comparing with benign
tumor patients, which was statistically sig-
nificant (p value= 0.0081). Relation between
WT1 gene expression and clinicopathologic
parameters, are listed in table 3. The present
study showed statistically no significant dif-
ferences in the levels of gene expression with
age, menopausal state, and family history. In
correlation to the histopathologic tumor types,
the endometriod ovarian tumors showed sta-
tistically significant differences in the level of
WTI1 gene expression comparing with other
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tumor types (p value= 0.0473 p<0.05). In cor- gene expression comparing with stage III,
relation with tumor stages, although samples but statistically no significant difference was
with stage I showed the highest level of WT1 found between stages (P=0.8914).

Table (2): Clinical features of ovarian cancer samples.

Age groups
children age 0-14 years (4.65%)4
Teenagers and young adults aged 15-24 years (2.32%)2
Adults aged 25-49 years (37.2%)32
Adults aged 50-74 years (55.8%)48

Menopausal state

Premenopausal no. (%) (46.5%)40
(%) .Postmenopausal no (53.5%)46
Family history
(%) .Positive no 0
(%) .Negative no 86(100%)

International Federation of Gynecology and Obstetrics (FIGO) surgical stage
(%) .Stage I no (81.4%) 70
(%) .Stage III no (18.6%) 16

Tumor histological types

Surface epithelial tumors (88.37%)76
Sex cord tumors (6.9%)6
Germ cell tumors (4.65%)4
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Table (3): Effect of clinic-pathological features on WT1 gene expression in ovarian cancer patients.

WTI1 gene expression

Tumor group
Benign tumors
Malignant tumors

P-value

Histological tumor type

Mucinous
Serous
Endometriod
Clear cell
Germ cell tumor
Sex-cord

P-value

Tumor stage
Stage 1
Stage 3

P-value

Mean = SE of WT1 gene
5.302 +£1.28
752.61 +£233.13
0.0081
(P<0.01).
Mean + SE of WT1 gene

10.81 £ 3.62
11.32 +£5.67
38.34 £ 25.96
14.68 + 12.81
15.57 +£0.00
0.115+0.02
0.0473
(P<0.05).
Mean =+ SE of WT1 gene
20.44 £ 8.42
17.99 +10.55

0.8914

Non-significant.
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5. Discussion

WT1 was identified initially as one of the
most important gene that plays a key role in
the childhood kidney neoplasm Wilms tumor
occurrence [18]. Subsequent to the discovery
of WT1, an increasing number of studies have
demonstrated its participation in other origins
neoplasm [19]. WT1 acts as a transcriptional
regulator, but may act as either a repressor or
an activator based on cellular context [19]. In
parallel, in tumors of different origin, it has
been reported that WT1 act as an oncogene
and tumor suppressor gene. For example, in
the formation of Wilms tumors it act as a tu-
mor suppressor gene, whereas in acute my-
eloid leukemia and breast cancer, high WT1
expression has been reported which indicating
it’s correlation with poor prognosis of tumors
[20,21]. Poor outcome is correlated with epi-
genetic silencing of WT1 in clear cell ovarian
adenocarcinoma patients [22]; however, unfa-
vorable prognosis is indicative due to expres-
sion of WT1 in women with serous epithelial
ovarian carcinoma [23].

During development, it has been conjec-
tured that WTT is involved in the maintenance
of a mesenchymal epithelial balance [19];
therefore, it is interesting to theorize that ab-
normal regulation of WT1 gene expression in
ovarian tumors may act to enhance the mesen-
chymal-epithelial transition observed in ear-
ly ovarian carcinogenesis [24]. On the other
hand, breast and ovarian cancers are impor-
tant diagnostic considerations for women who

have metastatic lesions of unknown primary

origin [25]. Standard immune-histochemical
and histopathological techniques often cannot
differentiate between these two tumor types.
It have been shown that gene expression pro-
files can be used to accurately and precisely
differentiate breast from ovarian carcinomas,
clarifying the ability of this approach both in
recognizing genes of biological interest and
classifying cancers. In the present study we
examined the possibility of using WT1 gene
as a diagnostic and prognostic marker de-
pending on the levels of gene expression in
ovarian tumor tissues by using qRT-PCR tech-
nique. The results of the present study showed
that the WT1-positive ovarian cancer showed
the highest levels of WT1 gene expression,
which was significantly higher when com-
pared with benign tumor patients, these find-
ings indicates high specificity of WT1 gene as
a diagnostic marker to discriminate malignant
from benign ovarian tumor. The present study
also showed that WT1 positively expressed in
68(79.1%) of samples, which showed statisti-
cally significant differences in compare with
WT1-negative samples 18(20.9%).These re-
sults have some similarity to that reported by
other studies including Lilac et al, who found
that the expression of WT1 was positive in
61(71%) cases, and negative in 24(27%) cas-
es of ovarian cancer [26], Kriplani and Patel,
who found that (82%) of primary ovarian se-
rous adenocarcinomas showed positivity with
WTI1[27], and Hylander et al., who detected
the expression of WT1 in 78(78%) of epithe-
lial ovarian cancer samples[28]. On the other
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hand, the present study results were different
from results that reported by Barbolina, et al,
who found that only(56%) of all tested prima-
ry and metastatic ovarian carcinoma samples
were positive for WT1 by using immunohis-
tochemistry technique [29], and Netinatsun-
thorn et al., who found that only 50(50%) of
advanced serous ovarian carcinoma patients
were reactive for WT1[30].

The identification of WTI1 expression
positivity according to the age groups, fam-
ily history, and menopausal state showed no
significant correlation. In regarding to the
histopathologic tumor types, the endomet-
riod ovarian tumors showed statistically sig-
nificant differences in the level of WT1 gene
expression comparing with other tumor types.
The present study results were different from
that reported by Liliac et al, who found that
according to the histologic subtypes, WTI
was mainly expressed in serous carcinoma,
regardless of their differentiation degree [26].
The present study results also different from
that reported by Barbolina, et al, who dem-
onstrated an elevated level of WT1 gene ex-
pression in serous type of ovarian carcinomas,
with more constricted expression recognized
in other histopathologic types [29]. In corre-
lation with stages, statistically no significant
difference was found between examined stag-
es, nevertheless, samples with stage I which
the highest level of expression than samples
with stage III. The data of the current study
incompatible with most of the previous study
which indicated that the elevated levels of

WT1 gene expression were related with ad-
vanced FIGO stages, lymph node status and
omentum metastasis, Liu et al., who reported
that the levels of WT1 expression in patients
with late stages disease( III and IV) increased
significantly compared to early stage patients
[31], Barbolina, et al., also showed that the
WT1 gene expression is most prevalent in late
stage tumors (stage III and stage 1V) as well
as in 100% of metastatic regions [29]. On the
other hand, the present study results similar to
that reported by Netinatsunthorn et al., who
did not show any relation with tumor stage,
size of residual tumor or histologic grade [30].
This difference might be explained by the fact
that the present study included a small number
of samples with stage III (16 sample), com-
paring with stage I (70 sample).

In conclusion the results reflected the pos-
sibility of detecting of that gene transcript in
benign as well as cancer samples but with
wide differences in the level of gene expres-
sion which in turn reflect the value of WT1I
gene as a useful tool for discriminating ma-
lignant ovarian tumors from non-malignant
ones. The present study also indicated the
diagnostic value of WT1 gene for diagnosis
of ovarian cancer since the gene had been ex-
pressed in most of the ovarian cancer samples
regardless tumor stage and histological type.
The prognostic value of that gene may be not
proved in this study due to a small number of
samples with stage III, so further studies are
recommended with large number of samples

with advanced stages.
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