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verprolin-homologous protein 1 for the early detection
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Sima Azizmohammadi1 & Aghdas Safari2 & Mehri Seifoleslami3 &

Rahman Ghaffarzadegan Rabati4 & Mohsen Mohammadi5 & Hamid Yahaghi6 &

Susan Azizmohammadi1

Received: 16 November 2015 /Accepted: 2 December 2015
# International Society of Oncology and BioMarkers (ISOBM) 2015

Abstract In this study, we evaluate the clinical significance
of the PRSS3 and Wiskott–Aldrich syndrome protein family
verprolin-homologous protein 1 (WAVE1) in patients with
epithelial ovarian cancer (EOC) by immunohistochemistry.

In current study, all adjacent non-cancerous tissues showed
absent or low expression of PRSS3. The expression of PRSS3
was significantly increased in the EOCs than adjacent non-
cancerous tissues. Moreover, the expression of WAVE1 was
significantly observed in all EOC tissues when compared with
normal tissues. Furthermore, WAVE1 expression was absent
in 35 (89.74 %) adjacent non-cancerous tissues.

Our findings showed that high expression of PRSS3 was
markedly linked to FIGO stage (P=0.02), advanced grade
(P=0.017), and lymph node metastases (P=0.001), but no
relationship was determined with other clinicopathological
parameters. Furthermore, high expression of WAVE1 was

significantly correlated with FIGO stage (P=0.001), grade of
tumor (P=0.011), and residual tumor size (P=0.041), but no
significant associations were found between WAVE1 expres-
sion and age, lymph node metastasis, and histological sub-
types (all P>0.05). In conclusion, our study showed that in-
creased expression of PRSS3 andWAVE1may be involved in
development of EOC.
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Introduction

Epithelial ovarian cancer (EOC) is most common gynecolog-
ical malignancy and is causes of cancer-related deaths in fe-
males worldwide [1–4]. Five-year survival for EOC is depen-
dent on the clinical stage, and the most patients are also diag-
nosed at advanced stages where the prognosis of EOC patients
is very poor [5, 6]. The tumorigenesis of EOC is associated
with different reproductive, environmental, and genetic fac-
tors [7]. Therefore, diagnostic and prognostic biomarkers are
required for the improving treatment strategies following pri-
mary debulking surgery.

Trypsin is belonged to serine protease family and encoded
by PRSS1, PRSS2, and PRSS3 (trypsinogen I, trypsinogen II,
and trypsinogen IV) [8]. Ectopic expression of PRSS3 was
observed in some epithelial cancers and cancer cell lines that
its expression has been reported to be linked to progression of
cancer [9]. Previous studies indicated PRSS3 is involved in
tumor progression, and others reported that trypsin or PRSS3
can be as tumor suppressive marker. It has been reported that
PRSS3 expression level can be correlated with metastasis and
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shorter survival in pancreatic and non-small cell lung cancers
[10, 11]. In culture models, PRSS3 has been showed to pro-
mote cell proliferation and invasion in ovarian cancer, sug-
gesting the important role of PRSS3 in metastasis [9]. More-
over, Wiskott–Aldrich syndrome protein family verprolin-
homologous protein 1 (WAVE1) (member of WASP family)
has been reported to be involved in cancer cell migration,
metastasis, and invasion. In addition, decreased expression
of WAVE1 has been reported to be correlated with reduction
of invasion of prostate cancer cells and may act as effective
target for cell metastasis prevention [12, 13].

Therefore, the present study was conducted to evaluate the
clinical significance of PRSS3 and WAVE1 in EOC.

Materials and methods

Patients and tissue samples

In this study, a total of 39 paraffin-embedded tissue samples
from EOC patients were surgically obtained between 2007
and 2013 in Tehran.Moreover, adjacent non-cancerous tissues
from primary EOC patients were surgically obtained. All sam-
ples were snap-frozen in liquid nitrogen immediately after
resection and were stored at −80 °C.Written informed consent
was obtained from all the participants. The clinical and path-
ological parameters are described in Tables 1 and 2. H&E
slides were reviewed to evaluate the pathological features by
two pathologists. Tumor stage was determined based on the
International Federation of Gynecology and Obstetrics
(FIGO).

Immunohistochemical analysis

Formalin-fixed paraffin embedded tissue was cut at 4-μm sec-
tions. The sections were dewaxed, rehydrated, and
deparaffinized. Endogenous peroxidase activity was blocked
by 3 % hydrogen peroxide for 10 min. Antigen retrieval was
done in citrate buffer (pH 6.0) by the microwave ovenmethod.
After rinsing with PBS, nonspecific binding was blocked by
using normal goat serum for 20 min at 37 °C.

The slides were incubated with a primary antibody against
PRSS3 (1:100) and goat anti-human WAVE1 (1:100) over-
night at 4 °C. The slides were incubated with a 1:30 dilution
biotin-labeled secondary antibodies for 20 min at 37 °C. Vi-
sualization was conducted using 3,3′ diaminobenzidine tetra-
hydrochloride (Sigma) in PBS with 0.05 % H2O2. Sections
were lightly counterstained with hematoxylin. Staining inten-
sity was graded as fallow: Zero (0), weak staining (1+), mod-
erate staining (2+), and strong staining (3+).

The staining score was defined as the staining intensity
score multiplied by the percentage score (low expression be-
tween 0 and 4; high expression between5 and 8).

Statistical analysis

All variables were analyzed by Software of SPSS version16.0
(SPSS Inc, IL, USA). Differences between expression levels
were evaluated using the Student’s t test in cancer tissues and
adjacent non-cancerous tissues. Association between expres-
sion levels and the clinicopathological characteristics was also
evaluated using the chi-square test. Statistical analysis was
considered to be statistically significant P<0.05.

Results

PRSS3 expression

PRSS3 staining was observed in the cell membrane and cyto-
plasm of EOCs, and high PRSS3 immunoreactivity was de-
tected in 32 patient’s tissues (82.05 %), while seven cases
(17.94 %) showed low expression (Fig. 1). Moreover, all ad-
jacent non-cancerous tissues showed absent or low expression
of PRSS3. As matter of fact, the expression of PRSS3 was
significantly increased in the EOCs than adjacent non-
cancerous tissues (P<0.00).

Table 1 Correlation between PRSS3 expression and clinicopathological
features of patients with epithelial ovarian cancer

Variable Case no. 39 PRSS3 expression p value

Low=7 High=32

Age 0.652

≤50 18 3 15

>50 21 4 17

Grade 0.017

G1–G2 25 6 19

G3 14 1 13

FIGO stage 0.02

I–II 16 5 11

III–IV 23 2 21

Lymph node metastasis 0.001

Yes 26 2 24

No 13 5 8

Residual tumor (cm)

<2 18 5 13 0.541

≥2 21 2 19

Histological subtypes 0.623

Serous 17 3 14

Mucinous 10 1 9

Endometrioid 5 2 3

Clear cell 3 0 3

Other 4 1 3
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WAVE1 expression

Majority of EOC tissues showed both the cytoplasmic and the
cytomembrane staining. High WAVE1 immunoreactivity was
found in 25 patient’s tissues (64.10 %), while 14 cases
(35.89 %) showed low expression (Fig. 1). In fact, expression
of WAVE1 was significantly observed in all EOC tissues when
compared with normal tissues. Furthermore, WAVE1 expres-
sion was absent in 35 (89.74%) adjacent non-cancerous tissues.

Correlation of expression of PRSS3
with clinicopathological features

Correlation of expression of PRSS3 with clinicopathological
features was summarized in Table 1. Our findings showed that

high expression of PRSS3 was significantly correlated with
FIGO stage (P=0.02), advanced grade (P=0.017), and lymph
nodemetastases (P=0.001), but no correlation was found with
other clinicopathological features (Table 1).

Correlation of expression of WAVE1
with clinicopathological features

As showed in Table 2, high expression of WAVE1 was signif-
icantly correlated with FIGO stage (P=0.001), tumor grade
(P=0.011), and residual tumor size (P=0.041), but there was
not significant associations between WAVE1 expression and
age, lymph node metastasis, and histological subtypes
(P>0.05; Table 2).

Discussion

Previous studies indicated PRSS3 expression is involved in
tumor progression [14]. In the present study, we evaluated the
correlation between PRSS3 expression and clinical outcomes
in patients with EOC by IH. Our finding indicated that all non-
cancerous tissues had absent or low expression of PRSS3. The
expression of PRSS3 was significantly increased in the EOCs
than adjacent non-cancerous tissues. We also evaluated the
correlation of expression of PRSS3 with clinicopathological
features. Our findings showed that high expression of PRSS3
was significantly correlated with FIGO stage, advanced grade,
and lymph node metastases. These findings preliminary indi-
cated that increased expression of PRSS3 may be involved in
development, progression, and metastasis of EOC. Of course,
further investigations are needed to clarify the role of PRSS3
in EOC.

Previous studies have reported that expression of PRSS3 is
related to the tumorigenesis in different kinds of cancers such
as lung, colon, ovarian, pancreatic, and prostate cancers
[9–11, 15]. It has been reported that PRSS3 expression level
is correlated with metastasis and shorter survival in pancreatic
and non-small cell lung cancers [10, 11]. It has been indicated
that PRSS3 expression can promote cell proliferation and in-
vasion in ovarian cancer tissues, indicating a potential role for
PRSS3 in metastasis [9]. Overexpression of PRSS3 has been
found in PC-3 cells, derived from a bone metastasis of a grade

Fig. 1 Expression level of
PRSS3 and WAVE1 in patients
with epithelial ovarian cancer

Table 2 Correlation betweenWAVE1 expression and clinicopathological
features of patients with epithelial ovarian cancer

Variable Case no. 39 WAVE1 expression p value

Low=14 High=25

Age 0.652

≤50 18 6 12

>50 21 8 13

Grade 0.011

G1–G2 25 10 15

G3 14 4 10

FIGO stage 0.001

I–II 16 9 7

III–IV 23 5 18

Lymph node metastasis 0.231

Yes 26 10 16

No 13 4 9

Residual tumor (cm)

<2 18 9 9 0.041

≥2 21 5 16

Histological subtypes 0.648

Serous 17 4 13

Mucinous 10 5 5

Endometrioid 5 2 3

Clear cell 3 1 2

Other 4 2 2
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4 prostatic adenocarcinoma [16]. Hockla et al. [17] indicated
that PRSS3/mesotrypsin expression has an important func-
tional role in promoting metastasis of prostate cancer. PRSS3
expression has been also reported to be involved in progres-
sion of pancreatic cancer, and its correlation with metastasis
and poor survival has been found [11]. It has been demon-
strated that PRSS3 expression increased metastasis and is
linked to poor survival in lung cancer [10]. Furthermore,
PRSS3 upregulation has been found to be involved in
malignant growth in an in vitro model of breast cancer
progression [18].

Yamashita et al. [19] indicated that expression of PRSS3
reduced in gastric adenocarcinoma and esophageal squamous
cell carcinoma because of promoter hypermethylation-
induced silencing.

This phenomenon (PRSS3 expression slanting) has
been demonstrated in bladder and esophageal malignan-
cies [20].

The conflicting result is likely associated with cell
type- or tissue-specific functions of PRSS3. Further stud-
ies are required to clarify that how PRSS3 contributes to
tumorigenesis.

Moreover, in our study, WAVE1 immunoreactivity was
found in 25 patient’s tissues (64.10 %), while 14 cases
(35.89 %) showed low expression. In fact, the expression of
WAVE1 was significantly observed in all EOC tissues when
comparedwith normal tissues. Association ofWAVE1 expres-
sion with clinicopathological features was evaluated in current
study. Our results demonstrated that high expression of
WAVE1 was markedly correlated with FIGO stage, tumor
grade, and residual tumor size. These findings are consistent
with other investigations of cancers [21, 22]. Previous studies
have reported the correlation between overexpression of
WAVE1 and cell migration or invasion in murine melanoma
cell lines [23]. Overexpression of WAVE1 was also found to
be involved in the invasion of prostate cancer cells and leuke-
mia cells [13, 24]. Our finding showed that WAVE1 may be
involved in development of EOC. Previous evidence demon-
strated that the high expression ofWAVE1may play a key role
in invasion and metastasis of ovarian cancer. In addition, over-
expression of WAVEs has been showed to be associated with
cell metastasis and poor prognosis in hepatocellular carcinoma
and breast cancer [25, 26]. A previous study found that
WAVE1 overexpression was significantly correlated with
poor grade, advanced FIGO stage, residual tumor size, and
serum Ca-125. They indicated that WAVE1 upregulation is
related to an unfavorable prognosis and indicates that it can
be as important predictor for EOC metastasis [27]. Further
studies are required to evaluate the role WAVE1 and its in-
volved mechanism in EOC.

In conclusion, our study showed that increased ex-
pression of PRSS3 and WAVE1 may be involved in
development of EOC.
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