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Background: Ovarian cancer (OC) is one of the most common malignant tumors in female reproductive
system and 55-75% of the patients relapsed after surgery and standard postoperative chemotherapy and
radiotherapy. The SNARE proteins, syntaxin4 (STX4) is localized in the plasma membrane to drive vesicle
fusion which of integrin-containing vesicles with the plasma membrane is the final step of integrins delivery
and play a role in the occurrence, development, invasion and metastasis of cancer cells.

Methods: Immunohistochemistry analysis was used to investigate the correlation between STX4 expression
and clinicopathological features of epithelial OC patients.

Results: Our study demonstrated that STX4 was positively expressed in OC tissues and the expression
of STX4 was positively correlated with the clinical stage of human OC classification and node metastasis,
suggesting that STX4 was involved in the occurrence and development of OC.

Conclusions: Our findings suggested that STX4-targeted treatment could be used as a potential
therapeutic strategy for OC.
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Introduction progression of OC and discover specific molecular markers

for the diagnosis and treatment of OC. New treatments are

Opvarian cancer (OC) is one of the most common malignant
(©C) g needed for advanced and recurrent OC. More and more

tumors in female reproductive system. In China (1), OC attention has been paid to immunotherapy, a new adjuvant

is the most frequent cause of cancer-related death from therapy, to break the body’s immune tolerance to tumor and

gynecological malignancies, and the majority of patients improve the immune response of the body’s immune system

are diagnosed at an advanced stage (2). Furthermore, t0 cancer.

55-75% of the patients relapsed after surgery and standard Metastasis, including local tumor growth, migration and

postoperative chemotherapy and radiotherapy, and are rarely
cured after recurrence. The 5-year survival rate for OC
patients at stage IIIC and IV is 29% and 13%, respectively
(3,4). Therefore, it is urgently necessary to understand
the molecular mechanism underlying recurrence and
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invasion of cancer cells into lymphatic and blood vessels,
survive and spread in the circulation, and extravasation
and establishment of secondary colonies at distant sites (5),
is responsible for more than 90% of cancer deaths. As a
family of heterodimeric receptors for cell adhesion to the
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extracellular matrix (ECM), integrins, such as fibronectin,
laminin, collagen and vitronectin (6), play critical roles
in cell migration, cancer progression and metastasis.
As transmembrane proteins, integrins are transported
in vesicles and delivered to the cell surface by vesicular
trafficking. Fusion of integrin-containing vesicles with
the plasma membrane is the final step of integrin delivery.
The SNARE (soluble N-ethylmaleimide-sensitive factor
attachment protein receptor) proteins, syntaxin (STX) 1,
2, 3 and 4, are localized in the plasma membrane to drive
vesicle fusion. Studies have shown that the SNARE proteins
play a fundamental role in the occurrence, development,
invasion and metastasis of cancer cells, and more and more
attention has been paid to them as therapeutic targets for
various tumors (7,8). STX is one of the components of
SNARE family, which consists of three groups of proteins,
including synaptosomal-associated protein (SNAP), STX
and vesicle-associated membrane protein (VAMP) (9-11).
STX family proteins are composed of 16 members,
including STX1, STX2, STX3 and STX4, which are
localized in the plasma membrane. STXs have been linked
to a variety of malignancies. For example, STX8 can affect
epidermal growth factor receptor (EGFR) in glioblastoma.
The signal transduction of growth factor is involved in
tumor development process. Previous data have suggested
that STX3- or STX4-dependent integrin trafficking is
important in migration and survival of cancer cells, which
may be valuable targets for cancer therapy (12).

However, only very few studies have established a
correlation between STX4 expression and OC progression
and differentiation. In the present study, we aimed to
investigate the correlation between STX4 expression and
clinicopathological features of epithelial OC patients. Our
findings suggested that STX4-targeted treatment could be
used as a potential therapeutic strategy for OC.

Methods
Clinical samples

All clinical tissue samples were obtained from the Third
Affiliated Hospital of Soochow University (Changzhou,
China) between January 2008 and January 2017. These
specimens, including 80 cases of primary epithelial OC (five
well-differentiated cases, eight moderately differentiated
cases, 52 poorly differentiated cases and 15 undifferentiated
cases in reports), one case of borderline epithelial OC
and 12 cases of benign epithelial OC, were collected from
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patients who underwent surgery. Detailed clinicopathologic
variables of the patients are summarized in Table 1. The
study design was approved by the ethics committee of
Soochow University (Changzhou, China; No. 2018046).
Written informed consent was obtained from every patient.

Immunobistochemistry

The primary antibodies used for immunohistochemistry
were commercially available, including STX-4 antibody
(ab77037, Abcams, CO, USA). Formalin-fixed, paraffin-
embedded consecutive sections (4-pm thick) were heated
at 85 °C for 2 h and then cooled at room temperature for
20 min. The slides were immersed in dimethylbenzene
three times for deparaffinage 15 min each time and then
consecutively hydrated in 100%, 95% and 75% ethanol for
5 min. For antigen retrieval, slides were heated at 125 °C
for 5 min in 2% EDTA-citrate antigen retrieval solution
(MVS-0099, Fuzhou Maixin Biotech. Co., Ltd., Fuzhou,
China) in a pressure cooker. Subsequently, slides were
rinsed with PBS (PBS-0061, Fuzhou Maixin Biotech. Co.,
Ltd., Fuzhou, China) for three times and then immersed
in hydrogen peroxide at room temperature for 30 min to
block endogenous peroxidase, followed by incubation with
3% BSA at 37 °C for 30 min to block nonspecific binding.
Next, the slides were incubated with primary antibody
against STX4 (1:200 diluted using antibody diluent) at 4 °C
for 14 h. A MaxVisionTM rapid immunohistochemistry
kit (KIT-5020, Fuzhou Maixin Biotech. Co., Ltd., Fuzhou,
China) was used in the present study, and the binding
process of secondary antibody was carried out according
to the manufacturer’s instructions. A DAB substrate kit
(DAB-0031, Fuzhou Maixin Biotech. Co., Ltd., Fuzhou,
China) was employed and its staining process was conducted
according to the manufacturer’ instructions. After staining,
the sections were counterstained using hematoxylin,

followed by dehydration through ethanol and xylene.

Evaluation of immunohistochemical staining and
statistical analysis

All slides were independently examined by two senior
pathologists who were blinded to the clinical parameters of
patients. The immunostaining density of STX4 was assessed
according to the H-score method: H-score = (% unstained
tumor cells x0) + (% weakly stained tumor cells x1)
+ (% moderately stained tumor cells x2) + (% strongly stained
tumor cells x3). The H-scores ranged from 0 (100% negative
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Table 1 Correlation between clinicopathological features and STX4 expression

Variables Patients (n) STX4 immunostaining score ZM¢ P
T character 4.315 <0.001
Benign tumors 12 70.00+60.49
Malignancy tumors 80 185.18+69.20
T classification 2.418 0.016
Serous adenocarcinoma 69 169.41+79.90
Mucinous adenocarcinoma 7 90.00+70.30
N metastasis 2.069 0.039
Y 8 223.75+25.60
N 29 177.41+£63.65
Clinical stage 2.325 0.020
| 19 157.11+65.92
/v 61 193.92+68.37
Differentiation 3.718 0.156
Poorly differentiated 52 208.73+48.66
Moderately differentiated 8 155.63+74.04
Well-differentiated 5 175.00+95.26

Due to statistical reasons, one borderline OC patient and two endometrioid adenocarcinoma patients were not included. STX4, syntaxin 4;

SD, standard deviation; T, tumor; N, lymph node.

tumor cells) to 300 (100% strong staining tumor cells).
Results from the two pathologists were averaged and used in
the statistical analysis. All data were expressed as the mean =
standard deviation (M = SD). Statistical analysis was performed
using SPSS version 22.0 (SPSS Inc., St. Chicago, IL, USA).
The correlation among all the groups was compared by
Kruskal-Wallis test and Mann-Whitney U test. P<0.05 was
considered statistically significant.

Results
Immunobistochemistry

STX4 staining was observed in various proportions
of tumor cells and localized in cell membrane (brown
granular). In all 93 cases, the average H-score of STX4
expression in benign patients and OC patients was
70.00£60.49 and 185.18£69.20, respectively (u=4.315,
P<0.05; 1able 1 and Figure 1). The H-score of STX4 for
one patient with borderline epithelial tumor, was 265. In
all the patients with epithelial OC, 69 cases (86.25%) were
serous cystadenocarcinoma, and seven cases were mucinous
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cystadenocarcinoma (8.75%), with a staining score of
169.41+79.90 and 90.00+70.30, respectively (u=2.418,
P<0.05; Table 1 and Figure 2). The staining H-score of
STX4 in patients with endometrioid carcinoma (two
cases, 2.5%) was 167.50+3.54, and there was no statistical
significance between endometrioid carcinoma and serous
cystadenocarcinoma (P>0.05; Figure 2).

Relationship with clinicopathological variables

In the 80 epithelial OC patients, 19 cases (23.75%) were in
early stage (stage I), and 61 cases were in late stage (76.25%),
including stage II, III and IV. The staining score of STX4
in patients of early and late stages was 157.11£65.92 and
193.92£68.37, respectively (u=2.325, P<0.05). Additionally,
the staining score of STX4 in stage II was 208.57+64.61,
which was significantly different from that of stage I (P<0.05).
Among 80 epithelial OC patients, lymphadenectomy was
performed on 37 cases, in which 29 patients (78.38%) had
no lymphatic metastasis and 8 patients (21.62%) exhibited
lymphatic metastasis, with a staining score of 177.41+63.65
and 223.75£25.60, respectively (u=2.069, P<0.05; Table I).
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Figure 1 STX4 immunohistochemical staining in three types of OC (HE x200). (A) Benign ovarian tumor; (B) borderline ovarian tumor;
(C) OC. STX4, syntaxin 4; OC, ovarian cancer.
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Figure 2 STX4 immunohistochemical staining in different types of OC (HE x200). (A) Low intensity STX4 expression in serous

adenocarcinoma; (B) low intensity STX4 expression in mucinous adenocarcinoma; (C) low intensity STX4 expression in endometrioid
adenocarcinoma; (D) high intensity STX4 expression in serous adenocarcinoma; (E) high intensity STX4 expression in mucinous
adenocarcinoma; (F) high intensity STX4 expression in endometrioid adenocarcinoma. OC. STX4, syntaxin 4; OC, ovarian cancer.
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In the 80 epithelial OC patients, 52 cases (65.00%)
were poorly differentiated, eight cases (10.00%) were
moderately differentiated, and five patients (6.25%) were
well differentiated, with a staining score of 208.73+48.66,
155.63+£74.04 and 175.00+95.26, respectively (Z2=3.718,
P>0.05; Table 1). However, there was no statistical
significance among these subgroups.

Discussion

Study has shown that depletion of STX4 reduces the
proportion of cells forming active invadopodia by >50%.
STX4 and synaptosomal-associated protein 23 (SNAP23)
are associated with vesicle-associated membrane protein
7 (VAMP?7) possibly in a complex, and function to deliver
membrane type-1 matrix metalloproteinase (MT1-MMP) to
invadopodia during degradation of ECM by MDA-MB-231
breast tumor cells (13). Recent models suggest that tumor
cell invasion can be mediated by subcellular structures
called invadopodia, which can facilitate MMP-mediated
degradation of ECM (14). Evidence from in vivo studies has
supported that invadopodia plays a role in the dissemination
of tumor cell populations (15,16). Membrane trafficking of
proteins to invadopodia is required for their formation and
function in support of tumor cell invasion (17).

In HeLa cervical adenocarcinoma cells and PANC-1
pancreatic adenocarcinoma cells, depletion of STX4
reduces the cell surface expressions of a5p1 and a3p1
integrins, indicating that STX#4 is involved in a5B1 and a3f1
trafficking to the cell surface (12). In addition, depletion of
STX4 inhibits cell adhesion to fibronectin and chemotactic
cell migration, and triggers apoptosis, suggesting that
STX4-mediated integrin trafficking is important for
migration and survival of cancer cells. In migrating cells,
STX4 has been shown to associate with lipid rafts, which
are concentrated at the leading edge to establish front-rear
polarity (18,19). In macrophages, STX4 forms a complex
with VAMP3 and SNAP-23 to deliver a5p1 integrin to the
cell surface (20). Study has indicated that cells lacking STX4
have multiple actin-rich spindly protrusions, and they are
unable to exocytose VAMP3-positive recycling endosomes.
The multiple sites of protrusion in cells that lack STX4
indicate a defect in cell polarity in these cells (21).

Immunocytochemistry reveals that transient transfection
of AGS cells, a human gastric epithelial cancer cell line,
with dominant-negative mutant S7X 4 decreases the
expression of plasma membrane MT1-MMP. MMPs also
play promoting roles in cancer invasion and metastasis (2).
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For example, MMPs regulate the degradation of
ECM surrounding the tumor surface (22) and enhance
neovascularization during invasion and metastasis of cancer (23).
In neuronal cells, STX4 has recently been shown to define
a site of exocytosis for AMPA receptor-containing recycling
compartments at the tips of dendritic spines that direct
membrane fusion and regulate postsynaptic plasticity (24).
The location of STX4 to the basolateral membrane in
polarized epithelial cells is thought to regulate delivery
of cargo specifically located on the basolateral membrane
(25,26). In all above-mentioned cases, STX4 plays a
fundamental role in the polarized delivery of vesicles to
specific locations on the plasma membrane, suggesting
that STX4 acts to define sites of focal exocytosis in the
plasma membrane. Taken together, these results suggest
that STX4/SNAP23 is a key regulator in focal exocytosis of
recycling compartments in the plasma membrane both in
macrophages and other cell types (21).

Our study demonstrated that STX4 was positively
expressed in OC tissues. Meanwhile, the expression of
STX4 was positively correlated with the clinical stage of
human OC, classification and node metastasis, suggesting
that STX4 was involved in the occurrence and development
of OC. Based on our findings, we speculated that the
activation of STX4 might promote the proliferation and
invasion of cancer cells, leading the development of OC.
Since the operation in 80 of the 90 cases we analyzed was
performed during the last 3 years, the information on
overall survival (OS) and disease-free survival (DFS) could
not be determined. Therefore, the relationship between
STX4 expression and OS or DFS was not assessed in the
present study.

Collectively, we showed that STX4 was over-expressed
in OC, and such abnormal expression of STX4 promoted
the progression of OC, indicating that the invasiveness of
tumor cells might be possibly inhibited by targeting STX4
in cancer cells. Taken together, our findings provided an
experimental foundation for therapeutic strategy, and
suggested that RNA interference technology or other
relevant methods might be used to decrease the expression
of STX4 and suppress the invasion of OC cells. However,
the effects of STX4 on the clinical outcomes of OC
needed to be further investigated, including both in vitro
experiment and animal model.
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