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Abstract

Objectives. Ovarian cancer is a heterogeneous disease, with a number of different histological subtypes with
various responses to treatment. Wilms’ tumor 1 (WT1) immunoreactivity is used to distinguish between OC’s
various subtypes. However, little is known about the protein’s role as a prognostic factor. Thus, the main aim
of our study was to evaluate the relationship between WT1 expression and patient overall survival (OS) and
lymph node metastases.

Materials and methods. Study group consisted of 164 women aged 22-84, diagnosed with epithelial ovarian
cancer (EOC). WT1 expression in histological slides was assessed by immunohistochemistry.

Results. Serous tumors were the most common subtype among EOC (n = 126; 76.8%), followed by endometrioid
(n =205 12.2%), clear-cell (n = 14; 8.5%) and mucinous cancer (n = 4; 2.4%). Of all serous EOC, WT1-positive
tumors accounted for 75.6% of cases and this number was significantly higher than in other histological subtypes
(p < 0.0001). Patients with lymph node metastases were more likely to have WT1-positive than WT1-negative
tumors (p = 0.006). There was no significant correlation between WT1 immunoreactivity and OS across the
whole study group of EOC patients (p = 0.6); however, in the group of non-serous (mucinous, endometrioid
and clear-cell) EOC subjects, WT1 immunoreactivity was associated with shorter OS (p = 0.046).
Conclusions. WT1 immunoreactivity may be helpful in differentiating primary epithelial serous carcinomas
from non-serous ovarian cancers; however, its prognostic role in EOC is rather uncertain. (Folia Histochemica
et Cytobiologica 2020, Vol. 58, No. 3, 198-207)
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Introduction

In 2018 over 295 000 women worldwide were diag-
nosed with ovarian cancer (OC) and almost 185 000
women died because of this malignancy, making it the
eight most common cause of cancer death in females
[1]. Well-established risk factors of ovarian cancer are
a family history of ovarian or breast cancer, BRCA1
and BRCA2 mutations, Lynch syndrome, hereditary
non-polyposis colon cancer (HNPCC), nulliparity
or low parity, use of hormone replacement therapy,
menarche at an early age, greater height, being over-
weight, tobacco smoking and diagnosis of endometri-
osis [2, 3]. Ovarian cancer is a highly heterogeneous
disease that involves malignancies with various his-
tological features, site of origin, grade, risk factors,
prognoses and treatment. According to tumor cell his-
tology, the main types of epithelial ovarian cancer are
serous (52%), endometrioid (10%), mucinous (6%)
and clear-cell (6%). About one quarter of epithelial
ovarian cancers are classified as either unspecified
or rarer subtypes of ovarian cancer. Non-epithelial
cancers make up approximately 10% of all ovarian
neoplasms and are of secondary importance [4].

Wilms’ tumor 1 (WT1) is a transcription factor
involved in the regulation of genes such as growth
factors, regulators of cell cycle and apoptosis. Pri-
marily regarded as a tumor suppressor gene, it is
now considered to have oncogenic functions. WT1 is
located on chromosome 11 and its expression is found
in normal human tissues such as the kidney, ovary,
testis, spleen, peritoneal mesothelium and fallopian
tube epithelium, as well as in leukemias (where WT1
mRNA expression levels increase along with progres-
sion of the disease) and various types of solid tumors,
including ovarian cancer. WT'1 gene expression levels
in many tumors may serve as a prognostic factor.
Previous studies demonstrated that in leukemias, as
well as in solid cancer cells, induction of WT1 expres-
sion promoted cell growth and motility together with
suppression of apoptosis [5-10].

Most patients with epithelial ovarian cancer
(EOC) present with advanced stage disease. Prognosis
is strongly associated with the disease stage at the time
of diagnosis, and the prognosis also differs largely
according to epithelial subtype. Serous carcinomas
are diagnosed mostly at stage I1I (51%) or IV (29%),
while more than half (58—64%) of endometroid,
mucinous, and clear cell carcinomas are diagnosed
at stage I. Apart from stage, other factors associat-
ed with poor prognosis are high histological grade,
patient age of 65 years or older, large volume of the
residual tumor, and low global quality-of-life score.
However, while WT1’s role in distinguishing serous
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EOC from other subtypes of ovarian cancer seems to
be established, there are still discrepancies regarding
its role in prognosis in both serous and non-serous
EOC [4, 11-14].

The aims of this study were to establish whether
the presence of WT1 immunoreactivity in ovarian
cancer cells varies between particular histological
subtypes of the malignancy, to determine whether it is
associated with lymph node metastases, and to assess
its prognostic value.

Material and methods

Patient samples and clinical data. Our study group com-
prised 164 women aged 22 to 84 (age 59.45 = 11.27; mean
+ SD) diagnosed with EOC. All patients were operated
on between March 2010 and March 2018 in the Clinical
Department of Gynecological Oncology, The Franciszek
Lukaszczyk Oncological Center Bydgoszcz, Poland; and
each patient underwent a comprehensive histopathologi-
cal confirmation of the diagnosis along with an analysis of
WT1 immunoreactivity in cancer cells. Disease stage was
assigned in accordance with the International Federation of
Gynecology and Obstetrics (FIGO) surgical staging criteria.
The histologic grade was categorized as either high or low.
The clinicopathological characteristics of the study group
are shown in Table 1.

Patients underwent longitudinal laparotomy extending
from the xiphoid process to the pubic bone. All of the pa-
tients underwent bilateral/unilateral salpingoophorectomy
and pelvic peritonectomy with retroperitoneal hysterecto-
my or, in the case of previous hysterectomy, vaginal vault
resection. Additionally, total omentectomy was performed.
Appendectomy was performed in cases of tumor infiltration
or where there was suspicion of the mucinous type of ovarian
cancer. Lymphadenectomy was always performed in cases
where enlarged or suspicious lymph nodes were found. In
cases where the lymph nodes were unchanged, the primary
surgeon decided whether to perform lymphadenectomy.
The resection of other organs was performed when nec-
essary, depending on the degree of tumor infiltration, in
order to remove all macroscopic lesions. All surgeries were
performed by accredited gynecological oncologists (in most
cases, L.W.). The extent of post-surgery residual disease was
described according to Sugarbaker score [15]. All patients
had received first-line chemotherapy consisting of intrave-
nous carboplatin and paclitaxel.

The present study was approved by the Human Research
Ethics Committee of Centre of Postgraduate Medical Ed-
ucation in Warsaw (8/PB/2020). The study was conducted
in accordance with the ethical standards and principles em-
bodied in the Declaration of Helsinki. All subjects provided
written informed consent to participate in this study after
receiving a full explanation of the aim of the study.
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Table 1. Clinicopathological characteristics of the study group
Type of EOC Serous Mucinous Endometrioid Clear cell Total
N N N N N
Number of patients 126 4 14 20 164
Mean age 59.56 54 60.15 59.42 59.45
Lymph nodes:
Positive 29 0 1 2 32
Negative 97 4 13 18 132
Grade
Low grade 1 1 0 3 2
High grade (G2, G3) 125 3 14 17 162
FIGO stage
I 14 0 1 4 19
1T 11 0 4 6 21
III 91 3 9 10 113
v 10 1 0 0 11
CcC
0 75 2 8 16 101
1 15 0 2 0 17
2 22 1 3 3 29
3 14 1 1 1 17

Abbreviations: EOC — epithelial ovarian cancer; CC — completeness of cytoreduction according to Sugarbaker score [15].

Immunohistochemistry. Immunohistochemistry staining
was performed with mouse monoclonal WT1 antibody
(Roche/Ventana, Oro Valley, AZ, USA, 6F-H2 clone,
#760-4397) and an ultraView Universal DAB Detection Kit
chromogen (Roche/Ventana, #760-500) using a Benchmark
Ultra instrument (Roche/Ventana).

Staining of all samples was done on 4 um tissue sections
which were obtained from tumor samples fixed in 4%
buffered formaldehyde and embedded in paraffin blocks
according to a standard protocol. Paraffin block sections
were placed on adhesive slides (Knittel Glass) and incubated
for 2 h at 60°C in a thermostatic chamber.

All the steps of the IHC staining were automated using
a Benchmark Ultra instrument (Roche/Ventana). The final
step involved dehydration in a series of ethanol concentra-
tions and xylene followed by a coverslip mounting medium
(Consul Mount Shandon, Thermo Scientific, Kalamazoo,
MI, USA). Each patient sample series included a control
sample as recommended by the manufacturer. In each case,
the level of WT1 expression was assessed as either negative
or positive (see Figs. 1B, 1D, and 1F, 1H respectively). WT1
expression was assessed independently by two pathologists.
The histological classification of the tumors was performed
according to the WHO Classification of Tumors.

Microscopic assessment was performed with the use
of a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan).
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Pictures were taken with a Nikon Digital Sight DS Fil-U2
camera and with NISElements BR 3.0 software (Nikon In-
struments Europe B.V., Badhoevedorp, The Netherlands).

Statistical analysis. Categorical data were analyzed using the
Fisher’s exact test, and with the Freeman-Halton extension
when appropriate. We performed multiple-regression model
with stepwise entering method to evaluate the relationship
between WT1 immunoreactivity and clinicopathological fea-
tures of EOC disease. Survival analysis was conducted using
Kaplan-Meier survival curves. The log-rank test was used for
the comparing survival distributions between the analyzed
subgroups. P-values < 0.05 were considered significant.

Results

WT1 immunoreactivity in EOC

A total of 164 subjects were included in our study. The
most common type of ovarian epithelial cancer in the
study group was serous (n = 126; 76.8%), followed
by endometrioid (n = 20; 12.2%), clear cell (n = 14;
8.5%) and mucinous (n = 4; 2.4%). The number of
WT1-positive and negative tumors varied significantly
between the particular types of EOC and the data
are shown in Table 2 (p < 0.0001).When we com-
pared serous and non-serous EOC, we have found
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Figure 1. Representative staining intensity of WT1 in ovarian cancer (OC) cells, defined as either negative (no cellular ex-
pression (B) or with membrane reactivity but without nuclear expression (D)), or positive (low and mediate (F) or high (H)
expression), regardless of the histological type of cancer (A — clear-cell type, C— endometrioid type, E and G — serous type).
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Table 2. WT1 immunoreactivity in different histological types of EOC
Type of EOC Serous Mucinous Clear-cell Endometrioid Total p-value
N (%) N (%) N (%) N (%) N (%)
WT1 (+) 106 0 9 9 124
WT1 (-) 20 4 5 11 40 P < 0.0001
Total 126 (76.83) 4(2.44) 14 (8.54) 20 (12.19) 164 (100)

Abbreviations: WT1 — Wilms’ tumor; EOC — epithelial ovarian cancer.
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Figure 2. The complete absence of WT1 nuclear expression was observed in mucinous ovarian cancers (G—=H). In contrast,
endometrioid (A) and clear cell (D) carcinomas varied in terms of the intensity of WT1 expression (B vs. C and E vs. F).

significantly higher WT1 immunoreactivity in serous
EOC (84% vs. 47%, P < 0.0001). In the multiple re-
gression model including the following independent
variables: histopathological type of the tumor (serous
vs. non-serous), post-surgery residual disease, lymph
node metastases; only the tumor histopathological
type (P < 0.0001) was significantly associated with
WT1 immunoreactivity.
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The presence or absence of expression was
observed in all non-serous ovarian cancers except
mucinous (Fig. 2).

WT1 immunoreactivity and lymph nodes metastases

Furthermore, we analyzed the histological types of
ovarian cancer and WT1 immunoreactivity in patients
with lymph node metastases. In general, metastatic
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Table 3. Different histological types of EOC in WT1-positive and WT1-negative patients with lymph node metastases

Type of EOC Serous Non-serous Total p-value
N N N
WT1-positive 28 2 30
P=02
WT1-negative 1 1 2
Abbreviations as for table 2.
Table 4. Presence of lymph node metastases in WT1-positive patients vs. WT1-negative patients
Presence of lymph nodes metastases LN (+) LN (-) Total p-value
N (%) N (%) N (%)
WT1-positive 30 (24.19) 94 (75.81) 124 (100) P = 0.006
WT1-negative 2(5.0) 38 (95.00) 40 (100) o

Abbreviations: WT1 — Wilms’ tumor; LN — lymph nodes.

lymph nodes were confirmed in 32 (19.5%) patients.
In the serous tumors, the metastatic spread of the
disease was found in 23% of the cases; in the clear cell
cancers in 14.3% of the cases; in the endometrioid in
5% of the cases; and in the mucinous ovarian cancers
there were no cases of metastatic lymph nodes. In
the group of both WT1-positive and WT1-negative
patients with metastatic lymph nodes, the presence
of lymph node metastases did not differ significantly
according to the type of cancer, whether serous or
non-serous, p = 0.2). The results are shown in Table 3.
Subsequently, statistical calculations were made
on the study group data based on the presence of
lymph node metastases and WT1 immunoreactivity.
Patients with WT1-positive tumors were more likely
to have lymph node metastases; specifically, 30 out
of 124 (24.2%) WT1-positive patients had affected
LN compared with 2 out of 40 (5%) WT1-negative
patients (Table 4). The differences between these
groups were statistically significant (p = 0.006).

Survival analysis
The correlation between WT1 immunoreactivity and
overall survival (OS) in patients with epithelial ovarian
cancer was evaluated via Kaplan-Meier curves. Survival
analysis included 164 EOC patients: 124 women with
WT1 immunoreactivity and 40 without WT1 immunore-
activity. The median OS for the first group was 1084 days,
while the median OS in second group was not reached.
The presence of WT1 immunoreactivity in the tumor
cells did not correlate with a shorter OS (HR (95% CI)
= 1.2594 (0.7746-2.0477), p = 0.4) in members of the
group comprising all ovarian cancer patients (Fig. 3A).
Finally, the prognostic value of WT1 in ovarian
cancer with different histological subtypes was as-
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sessed. Patients were divided into two subgroups:
serous and non-serous (mucinous, endometrioid and
clear-cell). Among serous ovarian cancer patients with
the presence of WT1 in cancer cells, OS was shorter
than among WT1-negative patients; however, the dif-
ference was not statistically significant (HR (95%CI)
= (0.8643 (0.4389-1.7020), P = 0.6)] (Fig. 3B). On the
other hand, in the non-serous group, WT1-positive
patients presented with a significantly shorter OS than
the WT1-negative patients (HR (95%CI) = 2.6400
(1.0042-6.9404), P = 0.046) (Fig. 3C).

Discussion

In our study, we investigated WT1 immunoreactivity
in different histological subtypes of ovarian cancer
as well as its association with the presence of lymph
node metastases. We analyzed the overall survival
rates of the whole study group of WT1-positive and
WT1-negative patients as well as considering the OS
rates for serous and non-serous tumors.

Various studies have found WT1-positivity in
serous ovarian tumors to range between 61 and
97% [16-21]. The percentage of ovarian serous
carcinoma expressing WT1 in our study (84%) fell
within the range of values reported in those studies.
Furthermore, in our study we found no WT1-positive
mucinous tumors, which was a similar result to those
of other authors [18, 19, 21]. However, there were
discrepancies between our study and others’ con-
cerning endometrioid and clear-cell EOCs. We found
WT1 immunoreactivity in 64% of clear-cell ovarian
carcinomas, which diverges from the results obtained
by Hylander et al. (20% of WT1-positive clear-cell
carcinomas) [16] and Acs et al. (22% of WT1-positive
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Figure 3. Kaplan-Meier survival analysis in epithelial ovarian cancer (EOC) in relation to Wilms’ tumor (WT1) immunore-
activity. A. Overall survival of the all EOC patients: WT1 (=) group (n = 40, median overall survival (mOS) was not reached)
vs. WT1 (+) group (n = 124, mOS 1084 days), P = 0.4. B. Overall survival profile of the serous EOC patients: WT1 (-) group
(n =19, mOS 614 days) vs. WT1 (+) group (n = 106, mOS 1084 days), P = 0.7. C. Overall survival profile of the non-serous
EOC patients: WT1 (=) group (n = 21, mOS was not reached) vs. WT1 (+) group (n = 18, mOS 697 days), P = 0.046.
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clear-cell carcinomas) [18]. Also, in studies by Rekhi
et al. and Hegdall ef al., both with larger groups of
clear-cell carcinoma patients (55 and 46, respectively),
there were no cases of WT'1-positive clear-cell ovarian
cancer [17, 21]. There was also a divergence between
our results and other authors’ regarding the per-
centages of endometrioid ovarian tumors expressing
WT1. We reported WT1 immunoreactivity in 45% of
these carcinomas, and similar results were obtained
by Cathro et al. (36% of endometrioid EOCs). How-
ever, Hylander et al. [16] and Acs ef al. [18] found no
WT1-positive endometrioid tumors, while Hegdall
et al. [21] reported WT1 immunoreactivity in only
5% of endometrioid EOCs. Reasons for these diver-
gent results may lie in the sizes of study population
in the reported studies, which had relatively small
groups of patients with non-serous tumors; the use
of differing immunohistochemical analysis protocols
or antibodies, and the lack of a consistent definition
of positive WT1 immunoreactivity. However, our
findings concur with other authors when we postulate
that serous EOCs are mainly WT1-positive tumors,
while mucinous carcinomas present with either no or
minor WT1 immunoreactivity.

Subsequently, we showed that WT1-positive pa-
tients were more likely to have lymph node metastases
than WT1-negative patients (24.2% vs. 5%, respec-
tively). Several earlier published studies concur with
our finding that the presence of WT1 immunoreac-
tivity is associated with metastatic lymph nodes, and
that it correlates with an advanced stage of the disease
[17, 22-25]. In a study by Liu et al., WT1 expression
was associated with an aggressive phenotype of ovar-
ian cancer [22]. In a pilot project directed by the US
National Cancer Institute, WT1 was identified as one
of the most important antigens for the production of
cancer vaccines [26]. Clinical trials on vaccines against
WT1 in ovarian cancer showed promising results and
may lead to their use in future treatments [27, 28].
Furthermore, finding patients with more aggressive
tumors (with positive WT1 immunoreactivity) may
contribute to an improved selection of patients for
immunotherapy.

Although the prognostic and immunotherapeutic
roles of WT1 have been demonstrated in a variety of
non-gynecological cancer types [8, 9], the prognostic
value of WT1 immunoreactivity in ovarian cancer
remains unclear. We evaluated the prognostic value of
WT1 in various histopathological types of EOC, and
we found improved OS in patients with WT'1-nega-
tive tumors; however, the finding was not statistically
significant; and this finding is in line with those of
several other studies [11, 16, 21]. However, in the
subgroup of non-serous EOCs, we found that WT1

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2020
10.5603/FHC.a2020.0022

205

immunoreactivity was associated with significantly
shortened OS. In a study by Hylander et al., patients
with WT1-positive tumors had a shorter median OS
than patients with WT1-negative tumors, but this
difference was not statistically significant [16]. The
authors suggested that the lack of a significant cor-
relation between WT1 and survival may reflect the
fact that most patients (85%) were in an advanced
stage of the disease [16]. This may also apply to our
study, where over 80% of the WT1-positive patients
were diagnosed at either FIGO stage III or IV of the
disease. On the other hand, the large Danish ‘MAL-
OVA'’ ovarian cancer study of 560 ovarian cancer
patients didn’t find any association between WT1
immunoreactivity and disease specific survival when
analyzing the whole study group as well considering
a subgroup of 214 patients with serous EOC stage
III [21]. Similarly, we did not find any association
between WT1 immunoreactivity and OS in those
patients with serous EOC. Yamamoto et al. examined
serous EOC and classified the WT1-positive tumor as
having both low and high levels of immunoreactivity.
Interestingly in that study, in a group with high-levels
of WT1 immunoreactivity, the patient outcomes were
significantly worse than those in a group with low-level
WT1 immunoreactivity (5-year survival rates of 36.5%
vs. 63.8%, respectively). In a large meta-analysis by
Luetal., it was reported that WT'1 overexpression did
not have an unfavorable effect on overall survival in
ovarian cancer, which is in line with our results [11].

We also found that in WT1-positive patients with
non-serous EOC the OS was significantly shorter than
in WT1-negative patients; however, the relatively
small number of patients with these types of tumors
in our study may be a limiting factor. Furthermore,
the retrospective character of our study is another
limitation. Of note, the treatment (surgery, chemo-
therapy) of our patients was not dependent on WT1
immunoreactivity, thus we conclude that the retro-
spective design did not influence the results. On the
other hand, the experienced team of both pathologist
and surgeons standardized and automated immu-
nohistochemical staining and the evaluation of an
established end-point (overall survival) are the main
advantages of our study.

To the best of our knowledge, there is no study
analyzing the association between WT1 immuno-
reactivity and patient survival in respect of various
histopathological types of ovarian cancer; and this
is important because these histopathological sub-
types are molecularly and clinically different. The
divergence of results regarding the prognostic role of
WT1 across different studies may be partly explained
by the fact that histological subtypes differ in their
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rates of WT1 expression. However, this issue requires
further study.

In summary, our study indicates that immunohis-
tochemical staining for WT1 helps in typing primary
epithelial serous carcinomas; however, expression of
the WT1 protein is not only limited to serous ovarian
carcinoma. The results are suggestive of an associa-
tion between the presence of WT1 and an aggressive
clinical condition in ovarian cancer, yet it cannot be
considered as a prognostic factor in EOC. Moreover,
further studies on the association between WT1 ex-
pression and non-serous types of EOCs are required.
In future, the targeting of WT1 could have had ther-
apeutic implications in the treatment of this disease.
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