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Decreased expression of SEMA3A is associated with
poor prognosis in gastric carcinoma
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Abstract: Background/purpose: SEMA3A (semaphorin-3A), is a secreted protein that belongs to the semaphorin
family and can function as both a chemoattractive agent or a chemorepulsive agent. SEMA3A has been shown to be
a tumor suppressor in various cancers. This study investigated the expression of SEMA3A in gastric cancer and its
prognostic value for gastric cancer patients. Methods: We examined the expression of SEMA3A in paired cancerous
and matched adjacent noncancerous gastric mucosa tissues by real-time quantitative RT-PCR (qRT-PCR) and west-
ern blotting. In vitro, we evaluate the effects of SEMA3A on gastric cancer cell proliferation and migration by MTT,
transwell and wound-healing assays. Furthermore, we analyzed SEMA3A expression in 128 patients who underwent
resection procedures using immunohistochemistry. The relationships between the SEMA3A expression levels, the
clinicopathological factors, and patient survival were investigated. Results: Our results revealed decreased SEMA3A
mRNA (P = 0.0037) and protein (P = 0.033) expression in tumor tissue samples compared with matched adjacent
non-tumorous tissue samples. Overexpression of SEMA3A inhibits gastric cancer cell proliferation and migration in
vitro. Immunohistochemical staining data showed that SEMA3A expression was significantly decreased in 54.68%
of gastric cancer cases. In addition, the chi-square test revealed that low SEMA3A expression was significantly cor-
related with poor differentiation (P = 0.015), Vascular invasion (P = 0.001), depth of invasion (P < 0.001), lymph
node metastasis (P = 0.029), distant metastasis (P = 0.002) and advanced TNM stage (P = 0.003). SEMA3A expres-
sion was positively correlated with clinical TNM stage, that suggested the more advanced clinical TNM stage cor-
responding to the lower expression level of SEMA3A (rs = -0.322, P < 0.001) by Spearman rank correlation analysis.
Kaplan-Meier survival analysis demonstrated that low expression of SEMA3A was significantly correlated with a poor
prognosis for gastric cancer patients (P < 0.001). The multivariate analysis revealed that SEMA3A expression was
an independent prognostic factor of the overall survival rate of patients with gastric cancer. Conclusion: SEMA3A
expression decreased significantly as gastric cancer progressed and metastasized, suggesting that SEMA3A might
serve as a candidate tumor suppressor and a potential prognostic biomarker in gastric carcinogenesis.
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Introduction and treatment of this disease. The incidence,
development, invasion, and metastasis of GC
are a multi-step and multi-factor complex pro-
cess. It may be regulated by many genes and
involves a variety of gene activation, regulated
disorder, or inactivation [5]. Therefore novel
well-characterized biomarkers would be helpful
for clinicians to predict metastatic progression
and prognosis of gastric cancer patients for

Gastric cancer is the second leading cause of
cancer-related death in the world and tumor
metastasis is the biggest obstacle to its suc-
cessful treatment and the major cause of
patient mortality [1, 2]. In China, gastric cancer
is regarded as the second most frequently diag-
nosed cause of cancer death [3]. Despite great

advancements in diagnosis and treatment
modalities for this disease, especially surgery,
chemotherapy, and radiotherapy, its survival
rate remains very low [4]. Accordingly, there is
great demand to further find new clinically
applicable molecular targets for the diagnosis

facilitation of therapeutic intervention.

Semaphorins, also known as collapsins, were
first identified as a family of genes encoding
guidance molecules for the embryologic devel-
opment of the nervous system and were des-
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cribed as negative mediators of axonal guid-
ance in the central nervous system [6]. The
semaphorin family comprises soluble and me-
mbrane bound proteins that function during
neuronal development, organogenesis, angio-
genesis, and cancer progression [7, 8]. Over
the past decade, the role of SEMA3s in the
pathogenesis of multiple malignancies has also
been investigated in preclinical studies.
SEMA3s comprise one of five vertebrate fami-
lies of semaphorins and are known to play an
important role in tumor biology [9]. The SEMA3
class consists of seven soluble proteins of
~100 kDa (designated by the letters A-G), which
are secreted by cells of multiple lineages,
including epithelial cells, neurons, and specific
tumor cells. SEMA3s act in a paracrine fashion
by binding to neuropilins via a highly conserved
amino-terminal 500-amino acid region in the
SEMAS3 protein called the Sema domain [10].
What's more, semaphorin 3 (Sema3) family are
involved in suppression of tumor progression
and have been considered as potent tumor
suppressors [11]. For example, SEMA3B and
SEMA3F have been shown to regulate tumor
angiogenesis, growth and metastasis in differ-
ent manners [12, 13]. It is becoming increas-
ingly evident that sema3A as well as other class
3 semaphorins play an important role in cancer
[14]. It was shown that tumor-derived SEMA3A
negatively modulates T-cell functions by inhibit-
ing T-cell receptor (TCR)-mediated proliferation
and cytokine production [15], and SEMA3A
inhibits platelet aggregation, allowing specula-
tion that, by keeping platelets in the resting
state, endothelial-derived SEMA3A may con-
tribute to maintaining blood flow in newly syn-
thesized vessels [16]. Also, SEMA3A suppress-
es the adhesion and migration of endothelial
cells [17],and induces the collapse of the actin
cytoskeleton, promotes apoptosis and inhibits
angiogenesis in vitro [18]. Furthermore,
SEMAS3A can inhibit angiogenesis in vivo and
induce microvascular permeability [19].

Beyond all that, previous studies showed that
SEMAS3A has been implicated in the inhibition
of tumor cell migration and chemotaxis in
breast cancer cells [10]. In prostate cancer,
SEMA3A-transfected cells differentially regu-
late adhesion of cells together and have been
shown to exhibit decreased invasion and adhe-
sion [20]. While high expression of SEMA3A
seems to correlate with poor clinical outcome
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in pancreatic cancer [21]. However, to our
knowledge, the role of sema3A in gastric can-
cer has not been studied extensively and their
effects in gastric cancer are not known.
Therefore, in the present study, we aimed to
analyze the SEMA3A expression level in gastric
cancer using real-time quantitative PCR, west-
ern blotting and immunohistochemistry. Furth-
ermore, we identified the relationship between
SEMAS3A expression and the clinicopathological
features of the disease and evaluated its prog-
nostic value for survival of gastric cancer pa-
tients. Our study might be useful to develop
more rational SEMA3A-mediated therapeutic
strategy for the next generation of cancer ma-
nagement.

Materials and methods
Patients and tumor tissue samples

From January 2006 to December 2008, clinico-
pathological data from 128 gastric cancer
patients who underwent surgical resection at
the Second Affiliated Hospital of Nantong
University were retrospectively analyzed. Fresh
gastric cancer and surrounding non-tumor tis-
sue samples were randomly obtained from 40
gastric cancer patients who underwent surgical
resection at the Second Affiliated Hospital of
Nantong University between 2012 and 2013.
Both the tumor tissues and the surrounding
non-tumor tissues, which were located more
than 3 cm away from the gastric cancer, were
sampled and then verified by pathological
examination. After surgical resection, fresh sa-
mples were frozen in liquid nitrogen immedi-
ately and divided into two parts, one was main-
tained at -80°C until use for real-time PCR,
another use for Western blot analysis. Paraffin-
embedded samples were obtained from 128
gastric cancer patients who underwent surgical
resection at Nantong First People’s Hospital.
None of these patients had received radiother-
apy or chemotherapy prior to surgery. The clini-
cal information related to the 128 gastric can-
cer patients, including gender, age, tumor size,
TNM stage, lymph node involvement etc. was
also collected. The histopathological type and
stage of the gastric cancer were determined
according to the criteria of the World Health
Organization classification and the TNM stage
set out by the Union for International Cancer
Control. The presence or absence of distant
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metastasis was determined through radiologi-
cal examination. An additional 8 normal gastric
mucosal tissues were obtained from individu-
als who underwent endoscopy for asymptom-
atic Barrett's esophagus surveillance and
exhibited no abnormalities in the stomach. The
follow-up data from the gastric cancer patients
in this study were available and complete.
Overall survival, which was defined as the time
from the operation to the time of patient death
or the last follow-up, was used as a measure of
prognosis. The research was conducted with
the approval of the institutional ethics board of
our institute, and written informed consent was
obtained from each patient involved in the
study.

Cell culture and transfection

Human gastric cancer cell lines SGC7901, AGS
and MKN45 were purchased from the Cell Bank
of Chinese Academy of Sciences (Shanghai,
China). All cell lines were maintained in RPMI-
1640 medium (GIBCO, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS,
Invitrogen, Carlsbad, CA, USA) in a humidified
incubator with a mixture of 5% CO, at 37°C. For
overexpression of endogenous SEMA3A, the
coding sequence of SEMA3A was amplified and
subcloned into the pcDNA3.1 (+) vector (Invitr-
ogen, Carlsbad, CA, USA) according to the man-
ufacturer instructions. AGS cells were then
transfected with a negative control vector or a
SEMA3A expressing plasmid using lipofecta-
mine 2000 (Invitrogen, Carlsbad, CA, USA).

Real-time quantitative PCR

Total RNA was extracted from tissues lysate
using a Trizol kit (Invitrogen, Carlsbad, CA), and
cDNA was subsequently synthesized from total
RNA wusing an Omniscript RT kit (Qiagen,
Valencia, CA) following the supplier’s instruc-
tions. For detecting the mRNA level of SEMA3A,
quantitative real-time RT-PCR was conducted
on the Mastercycler Ep Realplex (Eppendorf 2
S, Hamburg, Germany). A 25 pl reaction mixture
contained 1 pl of cDNA from samples, 12.5 pl
of 2x Fast EvaGreen™ ¢gPCR Master Mix, 1 ul
primers (10 mM), and 10.5 pl of RNase/DNase-
free water. PCR procedures: incubation at 96°C
for 2 min, 40 cycles at 96°C for 15 s and 60°C
for 1 min. The Ct value was defined as the cycle
number at which the fluorescence intensity
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reached a certain threshold where amplifica-
tion of each target gene was within the linear
region of the reaction amplification curves.
Relative expression level for each target gene
was normalized by the Ct value of GAPDH (inter-
nal control) using a 2724 relative quantification
method. The sequences of the primers for
SEMA3A as follows: Sema3A forward: 5-CAG
CCA TGT ACA ACC CAG TG-3’; Sema3A reverse:
5-ACG GTT CCA ACA TCT GTT CC-3". The glycer-
aldehyde-3’phosphate dehydrogenase (GAPDH)
gene served as an internal control.

Western blot analysis

Paired tumor tissues and the surrounding non-
tumor tissues were treated with lysis buffer
containing protease inhibitors (Promega, Ma-
dison, WI). After centrifugation at 12,000 rpm
for 20 min, the supernatant was collected for
determination of total protein concentration by
DC-protein assay method (Bio-Rad) to maintain
the same loads. Protein samples were electro-
phoretically separated on a 10% SDS-polya-
crilamide gel (PAGE), and transferred to a poly-
vinylidene fluoride (PVDF) membrane. The
membrane was blocked with 5% non-fat dry
milk in TBST buffer (50 mm Tris-HCI, 100 mm
NaCl, and 0.1% Tween-20, pH 7.4) and incubat-
ed with a polyclonal goat anti-human SEMA3A
antibody (1:500, Santa Cruz Biotechnology, Inc,
USA) at 4°C overnight. The membranes were
washed three times with TBST buffer for 5 min-
utes, and further incubated with secondary
antibody, anti-goat 1gG conjugated IRDye800
(1:5000, Rockland Gilbertsville, CA) at room
temperature for 2 h, followed by scanning with
an Odyssey infrared imaging system (LI-COR,
Lincoln, NE), and analyzed with PDQuest 7.2.0
software (Bio-Rad).

Immunohistochemistry

Tissues were de-waxed in xylene, rehydrated in
alcohol. After three washes in PBS (phosphate-
buffered saline), the slides were boiled in anti-
gen retrieval buffer containing 0.01 M sodium
citrate-hydrochloric acid (pH = 6.0) for 15 min
in a microwave oven. After rinsing with PBS, the
tissue sections were incubated with polyclonal
goat anti-human SEMA3A antibody (1:100,
Santa Cruz Biotechnology, Inc, USA) and the
slides were then rinsed in 3% hydrogen perox-
ide to block endogenous peroxidase. The sec-
tions were then incubated with a donkey anti-
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Figure 1. SEMA3A expression in gastric cancer and adjacent normal tissues. A. The fold change of SEMA3A expres-
sion in gastric cancer tumor tissues compared to paired adjacent normal tissues (n = 40) evaluated by gRT-PCR and
normalized to GAPDH. B. Western blot analysis of SEMA3A proteins expressed in six paired representative gastric
cancer (GC) tissues and their matched adjacent nontumor tissues. B-actin was used as a control for equal loading.
Abbreviations: T tumor tissues, N nontumor tissues. C. The average relative expression of mRNA level of SEMA3A in
gastric cancer tumor tissues compared to paired adjacent normal tissues (P = 0.0037). D. Relative SEMA3A protein
expression levels was remarkably decreased in 18 of 24 (75%) gastric tumor tissues compared with the correspond-

ing adjacent non-tumor tissues (P = 0.033).

goat second antibody conjugated horseradish
peroxidase (1:5000; Abcam, Cambridge, UK) at
4°C overnightand. After washing in PBS, the
visualization signal was developed with 3,
3’-diaminobenzidine (DAB) solution, and all of
the slides were counterstained with hematoxy-
lin. As negative controls, adjacent sections
were processed as described above except
that they were incubated overnight at 4°C in
blocking solution without the primary antibody.

Semiquantitative estimation was made using a
composite score obtained by multiplying the
values of staining intensity and relative abun-
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dance of positive cells. Intensity was graded as
0 (no staining), 1 (weak staining), 2 (moderate
staining), or 3 (strong staining). The abundance
of positive cells was graded from O to 4 (0, < 5%
positive cells; 1, 5-25%; 2, 26-50%; 3, 51-75%;
4, > 75%).

The total immunohistochemical staining score
was ranged from O to 12. The expression level
of SEMA3A was defined as following: “-” (nega-
tive, score 0), “+” (weakly positive, score 1-4),
“++” (positive, score 5-8), “+++” (strong posi-
tive, score 9-12). Results from the immunohis-
tochemical (IHC) staining were independently
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Figure 2. Immunohistochemical detection of the SEMA3A protein expression in gastric cancer tissues, their cor-
responding adjacent non-tumor tissues and normal gastric mucosa tissues. A. Normal gastric tissues, scored as
SEMA3A (+++); B. Well-differentiated gastric cancer, scored as SEMA3A (++); C. Moderately differentiated gastric
cancer, scored as SEMA3A (+); D. poorly differentiated gastric cancer, scored as SEMA3A (-). Original magnification:

200x.

evaluated by two pathologists who had no prior
knowledge of the clinical features and outco-
mes of the patients. Discrepancies between
the pathologists were resolved by consensus
after discussion.

Cell migration assay

The cell migratory capacity was determined
using transwell chambers (BD Biosciences).
Briefly, cells (1x10%/well) were suspended in
100 ul serum-free medium and then added to
the upper chamber of the inserts, RPMI 1640
medium (GIBCO) containing 10% FBS (500 ul)
was added to the lower chamber as the chemo-
tactic factor. After culture for 48 hours, non-
migrated cells on the upper surface were
removed gently with a cotton swab and cells
that migrated to the lower side of the depart-
ment were fixed and dyed with 0.1% crystal vio-
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let. The numbers of migrated cells were calcu-
lated by counting five different views under the
microscopy. The experiment was performed in
triplicate and repeated for three times.

Cell viability assay

To determine the effect of SEMA3A on cellular
proliferation, an MTT assay was performed. A
total of 1x10° cells were plated in each well of a
96-well plate containing 200 ml RPMI-1640
supplemented with 10% FBS. After 1, 2, 3 days
of incubation, 20 ml MTT (5 mg/ml; Sigma-
Aldrich, St. Louis, MO USA) was added, followed
by a 4 h incubation at 37°C in a 5% CO, incuba-
tor. The supernatant was removed and 150 ml
dimethyl sulfoxide was added. Culture plates
were shaken for 10 min at room temperature to
dissolve the MTT crystals. The absorbance val-
ues of each sample were read at 490 nm using

Int J Clin Exp Pathol 2014;7(8):4782-4794
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Table 1. Sema3a expression compared in
gastric cancer (GC), surrounding nontumor
tissues (SNTs) and gastric normal tissues
Clinical parameters Number Sema3a expression
() (+) (+4) (++4)

GCa 128 40 30 31 27
SNT b 66 4 7 24 31
Normal tissue ¢ 8 O 0 3 5

P-value: a/b: P < 0.05 (x2 = 27.960, P < 0.001); a/c: P <
0.05 (x2=9.153, P=0.008); b/c: P > 0.05 (x> = 2.847,
P = 0.416); *P-value < 0.05 is considered statistically
significant.

a Microplate Reader (Model 550, BIO-RAD,
Shanghai, China). Each experiment was repeat-
ed at least three times.

Wound healing assay

In vitro wound healing assay was performed to
examine the migration of SGC7901 cells trans-
fected with either a control vector or pcDNA3.1
(+)-SEMA3A. Transfected cells were grown on
6-well plates with their respective culture
media. After the growing cell layers had reached
confluence, wounds were prepared by a single
scratch on the monolayer using a yellow pipette
tip and washed the wounded layers with PBS to
remove cell debris. We measured the closure or
filling of the wounds at 0, 12, 24, 48 and 72 h
using an Olympus Ix71 fluorescence micro-
scope with a TH4-200 camera. All experiments
were performed in triplicate.

Follow-up

The postoperative follow-up was conducted at
our outpatient department and included clini-
cal and laboratory examinations every 3
months for the first 2 years, every 6 months
during the third to fifth years, and annually for
an additional 5 years or until patient death. The
cause of death was registered and classified as
mortality due to gastric cancer, other causes or
unknown causes. Overall survival was used as
a measure of prognosis, which was defined as
the time from the operation to the patient’s
death or the last follow-up (at five years). Death
of a patient was ascertained by reporting from
the family and verified by a review of public
records.

Statistical analysis

Differences in mMRNA and protein expression
between tumor samples and the paired adja-
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cent non-tumor tissue samples were evaluated
with the paired-samples t-test. The x? test for
proportion was used to analyze the relationship
between the SEMA3A expression level and vari-
ous clinicopathological characteristics. Spear-
man rank correlation analysis was used to ana-
lyze the relationship between SEMA3A expres-
sion in gastric cancer and TNM stage. Overall
survival curves were calculated with the Ka-
plan-Meier method and were analyzed with the
log-rank test. A multivariate analysis of several
prognostic factors was carried out using the
Cox proportional hazards regression model. P <
0.05 was considered to indicate a statistically
significant difference. Statistical analyses were
performed with the Statistical Package for the
Social Sciences, version 18.0 (SPSS Inc.,
Chicago, IL, USA).

Results

SEMA3A mRNA expression analyzed by real-
time quantitative RT-PCR

The mRNA level of SEMA3A was measured by
real-time quantitative PCR in 40 paired cancer-
ous and the matched adjacent normal gastric
mucosa tissues from primary gastric cancer
patients. The SEMA3A mRNA expression level
was significantly lower in 29 of 40 (72.5%) gas-
tric cancer tissues compared with the adjacent
non-tumor tissues (Figure 1A). Furthermore,
the average relative expression of SEMA3A in
all 40 cases of gastric cancer tissues is lower
than that of SEMA3A in adjacent normal tis-
sues. There is significant difference in SEMA3A
MRNA expression between cancer tissues and
adjacent normal tissues (P = 0.0037) (Figure
1C).

SEMAS3A protein expression analyzed by west-
ern blotting

Western blotting was performed on 24 gastric
cancer specimens and corresponding adjacent
non-cancerous gastric mucosa tissues to eval-
uate SEMA3A protein expression. The repre-
sentative western blotting results in six cases
were shown in (Figure 1B). The relative quantity
of SEMA3A protein expression was normalized
to the B-actin of the same samples. We found
that SEMA3A expression was remarkably
decreased in 18 of 24 (75%) gastric tumor tis-
sues compared with the corresponding adja-
cent non-tumorous tissues, which was consis-
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Table 2. Clinico-pathological correlation of SEMA3A protein expression
in gastric cancer tissues

Clinical parameters Total Sema3a expression P-value
Low (-~+) Middle (++) High (+++)
(n=70) (n=31) (n=27)

Gender 0.976
Male 88 48 21 19
Female 40 22 10 8

Age (years) 0.990
<50 20 11 5 4
>50 108 59 26 23

Tumor size (cm) 0.394
<4 53 26 16 11
>4 75 44 15 16

Location 0.924
Cardia 37 21 9 7
Body/Antrum 91 49 22 20

Growth pattern 0.403
Expanding type 65 33 19 13
Infiltration type 63 37 12 14

TNM stage 0.003*
Stage /Il 85 38 23 24
Stage lll/IV 43 32 8 3

Differentiation 0.015*
Well/moderate 54 25 11 18
Poor 74 45 20 9

Depth of invasion <0.001*
T1/T2 80 32 23 25
T3/T4 48 38 8 2

H.pylori infection 0.142
Negative 46 23 9 14
Positive 82 47 22 13

Lymphnode metastasis 0.029*
Negative 61 29 13 19
Positive 67 41 18 8

Vascular invasion 0.001*
Negative 58 27 10 21
Positive 70 43 21 6

Distant metastasis 0.002*
MO 120 69 25 26
M1 8 1 6 1

aStatistical analyses were performed by the Pearson x? test. *P-value < 0.05 was consid-
ered statistically significant.

tent with the quantitative real-time PCR results.
The average SEMA3A protein level in 24 gastric
cancer tissues was significantly lower than that

of SEMA3A in adjacent normal tissues (P

0.033, Figure 1D).
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Immunohistochemical an-
alysis of SEMAS3A expres-
sion in gastric cancer
tissue samples

To further investigate the
clinicopathological and pr-
ognostic roles of SEMA3A
expression, we performed
immunohistochemical an-
alyses of the 128 paraf-
fin-embedded gastric can-
cer tissue blocks. Overall,
70 of 128 (54.68%) cases
showed low SEMA3A exp-
ression (SEMA3A - or SEM-
A3A +) in gastric cancer
tissues, whereas the rem-
aining 58 (45.31%) cases
displayed high SEMA3A
expression (SEMA3A ++
or SEMA3A +++) (Figure
2). Most of the surround-
ing non-tumor tissues and
all the normal gastric mu-
cosa tissues showed the
strongest SEMA3A posi-
tive staining (Figure 2A
and 2B). Overall, 70 of
128 (54.68%) GC tissues
showed low SEMA3A exp-
ression and compared wi-
th SNTs, normal gastric
mucosa tissues, and the
difference had statistical-
ly significant (P < 0.05;
Table 1).

Correlations between the
expression of SEMA3A
and various clinicopatho-
logical parameters

The Chi square analysis
showed that the express-
ion level of SEMA3A in tu-
mor tissues was significa-
ntly correlated with vari-
ous  clinicopathological
parameters, such as TNM

stage (P = 0.003), differentiation (P = 0.015),
depth of invasion (P < 0.001), lymph node me-
tastasis (P = 0.029), Vascular invasion (P =
0.001) and distance metastasis (P = 0.002),
but not with age (P =0.990), gender (P =0.976),

Int J Clin Exp Pathol 2014;7(8):4782-4794
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Table 3. Correlation analysis SEMA3A expression in

gastric cancer (GC) and TNM stage

TNM stage Sema3A expression Total ry P value

+ ++ +++

| 5 9 8 10 32
Il 14 10 15 14 53
1l 16 9 7 3
\% 5 2 1 0 8

Total 40 30 31 27 128

35 -0.322 <0.001

P-value < 0.05 was considered statistically significant.

tumor size (P = 0.394), location (P = 0.924),
growth pattern (P = 0.403) and H. pylori infec-
tion (P = 0.142) (Table 2).

Spearman rank correlation analysis was used
to analyzed the relationship between SEMA3A
expression in GC and TNM stage, and it showed
that SEMA3A expression in GC was negative
correlation with TNM stage, that suggested the
more advanced clinical TNM stage correspond-
ing to the lower expression level of SEMA3A in
GC (r,= -0.322, P < 0.001; Table 3).

Overexpression of SEMA3A inhibits gastric
cancer cell proliferation and migration in vitro

Given that SEMA3A is significantly decreased in
GC tissues, it may function as a tumor suppres-
sor. Therefore, we examined whether overex-
pression of SEMA3A in gastric cancer cells
affected cell growth and migration. SGC-7901
cell line, whose expression of SEMA3A was the
lowest in the three tested GC cell lines, was
chosen for the subsequent experiments. As
SEMAS3A expression is associated with distant
metastasis in gastric cancer patients, we evalu-
ated the potential role of SEMA3A on cellular
migration by transwell assays. SGC-7901 cells
were transfected with SEMA3A overexpressing
or control plasmid and seeded in the chamber,
and their migratory abilities were determined
24 hours later. The results showed overexpres-
sion of SEMA3A significantly decreased the
migratory capacity of SGC-7901 cells (Figure
3A and 3B, P < 0.001). Then the effects of
SEMA3A on cell growth and proliferation were
then evaluated by MTT assay and the results
showed that overexpression of SEMA3A signifi-
cantly inhibited the viability of SGC-7901 cells
(Figure 3C, P = 0.027).

These findings were further confirmed by the
wound healing assay. The overexpression of
SEMA3A significantly inhibited the migration of
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SGC-7901 cells at 48 h after transfection
(Figures 3D and 3E, P < 0.05).

Reduction of SEMA3A expression predicts
poor survival in gastric cancer

To investigate the prognostic value of
SEMA3A expression in gastric cancer pati-
ents, overall survival (OS) analysis was per-
formed in these 128 gastric cancer cases,
and the five-year OS rate was 47.6% for these
patients (Figure 4A). The five-year OS rate
was 32.8% for patients with low SEMA3A
expression, and 65.5% for patients with high
SEMA3A expression, which was a significant
difference (x?>= 16.338, P < 0.001, Figure 4B).
It was found that OS of the high level expres-
sion group was significantly longer than that of
the low level expression group. For the purpose
of seeing the true affect of SEMA3A, we ana-
lyzed survival based on SEMA3A expression by
separating stage I-Il and stage llI-IV. In early
stage (stages | and Il) gastric cancer, the
patients with the low levels of SEMA3A expres-
sion (n = 38) had a poorer prognosis than the
patients with high levels of SEMA3A expression
(n = 47) (x> = 5.435, P = 0.020, Figure 4C).
Meanwhile, in late stage (stages Ill and IV) gas-
tric cancer, the patients with the low levels of
SEMAS3A expression (n = 32) also had a poorer
prognosis than the patients with high levels of
SEMA3A expression (n = 11) (x*>= 4.648, P =
0.031, Figure 4D).

Multivariate analysis using the Cox proportional
hazards model for all of the significant covari-
ates in the univariate analysis showed that
SEMAS3A expression (P = 0.021), TNM stage (P
= 0.001), depth of invasion (P = 0.004), lymph
node metastasis (P < 0.001), distant metasta-
sis (P < 0.001), vascular invasion (P = 0.001),
differentiation (P = 0.001) were independent
prognostic factors gastric cancer patients
(Table 4), which were performed to compare
the impact of SEMA3A expression and other
clinicopathological parameters on prognosis.

Discussion

Gastric cancer is one of the most deadly human
carcinomas, and it has a dismal prognosis
despite improved diagnosis and composite
therapy [2, 22]. For most Cases, despite prog-
ress in diagnostic tumor imaging, combination
chemotherapy, and radiotherapy, little improve-
ment has been achieved in terms of the ad-
vanced stage when diagnosed, and surgery is
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Figure 3. A and B. Abnormal expression of SEMA3A promotes cell migration in SGC-7901 cells as demonstrated by
transwell assays (**P < 0.001). Representative photos of stained cells are shown with the original magnification
of 100x. C. Abnormal expression of SEMA3A inhibits cell proliferation in SGC-7901 cells (P = 0.027). Cell numbers
were evaluated with the MTT assay using absorbance readings at 490 nm. The values shown are the mean of three
determinations. D and E. SGC-7901 cells were transfected with pcDNA3.1 (+)-SEMA3A or empty vector for 12, 24,
48 and 72 h, respectively. (*P < 0.05 compared to empty vector).

the only curative procedure for localized gastric
cancer. Previous evidences indicate that gas-
tric cancer is the result of various genetic and
epigenetic alterations of oncogenes, tumor
suppressor genes, DNA repair genes, cell cycle
regulating proteins and cell adhesion mole-
cules [23-26]. Defining molecular subgroups
may identify patients who could benefit from
targeted therapies and personalized treatment
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is regarded as the best option to reduce gastric
cancer mortality rates [2, 20]. Therefore, it is
urgently needed to find a sensitive biomarker
for the detection of gastric cancer at the cura-
tive stage.

Over the past decade, some semaphoring-
mediated signals might inhibit rather than pro-
mote tumor growth and invasion, as many stud-
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Figure 4. Comparison of different overall survival cumulative Kaplan-Meier curves for patients grouped by immuno-
histochemical levels of SEMA3A. A. Kaplan-Meier curves for overall survival (OS) of the 128 gastric cancer patients;
B. Kaplan-Meier curves for OS in gastric cancer patients with low level and high level SEMA3A expression (x? =
16.338, P < 0.001); C. Kaplan-Meier curves for OS in early stage (stage | and Il) gastric cancer patients with low
level and high level SEMA3A expression(x? = 5.435, P = 0.020 ); D. Kaplan-Meier curves for OS in advanced stage
(stage Ill and IV) gastric cancer patients with low level and high level SEMA3A expression (x2 = 4.648, P = 0.031).

ies have shown that their expression is often
lost during advanced cancer [27]. A further
mechanism through which class-3 semapho-
rins can regulate cell migration is by interfer-
ing with VEGF-mediated signaling. In human
tumor cells, it was shown that cell migration is
finely regulated by a balance between auto-
crine loops of SEMA3A and VEGF expression
[28]. Moreover, the axon repulsion factor
Semaphorin3A (SEMA3A) promotes growth
cone collapse by binding to its receptor,
Neuropilin-1 (NP-1) [29, 30]. Interestingly,
SEMA3A and NP-1 are also expressed in endo-
thelial cells, and serve as endogenous sup-
pressors of integrin activity [31, 32]. In cancer,
experimental systems have shown that
SEMAS3A may alter tumor cell behavior directly
by influencing migration and growth or indi-

4791

rectly by interfering with tumor angiogenesis or
immune response [33, 34]. Our finding that
Sema3A inhibits breast tumor cell migration in
part by stimulating RhoA expression/activity
has important clinical implications [35], and
possibly by stimulating the expression of o3,
integrin. In fact, SEMA3A has been implicated
as a tumor suppressor in other types of cancer,
such as prostate cancer, mesothelioma, myelo-
ma, melanoma, tongue cancer [36-40], there
has been no report on the expression profile of
SEMA3A in gastric cancer.

In this study, we evaluated the expression of
SEMA3A and its prognostic role in human gas-
tric cancer for the first time. We found, using
gRT-PCR and western blotting analysis, that
SEMA3A expression was decreased at the
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Table 4. Cox proportional hazards model analysis of prognostic factors

risk factor for survival,

suggesting that it may

serve as a valuable prog-

nostic biomarker for gas-
tric cancer patients after
surgery and a potential
target for gene therapy in
the treatment of gastric
cancer. These results are
consistent with other re-
ports indicating that se-
ma3A upregulation decr-
eases adhesion of endo-
thelial cells and that in-

Variables Multivariate analysis

HR 95% ClI P value
Sema3a expression (High vs. low) 0.570 0.353-0.919 0.021*
TNM stage (llI-IV vs. I-Il) 0.453 0.288-0.713 0.001*
Depth of invasion (T3 + T4 vs. T1 + T2) 0.513 0.324-0.810 0.004*
Lymph node metastasis (positive vs. negative) 0.423 0.262-0.685 < 0.001*
Distant metastasis (M1 vs. MO) 0.350 0.224-0.545 < 0.001*
Gender (Male vs. Female) 0.824 0.530-1.282 0.390
Age (years) (= 50 vs. < 50) 1.358 0.876-2.107 0.171
Location (Cardia vs. Body/Antrum) 1.384 0.845-2.267 0.197
Vascular invasion (positive vs. negative) 0.439 0.273-0.704 0.001*
Differentiation (Well/moderate vs. poor) 0.449 0.284-0.709 0.001*

creased sema3A expres-

HR: Hazard ratio; Cl: Confidence interval; TNM: Tumor node metastasis; *P < 0.05 was

considered significant.

MRNA and protein levels, respectively, in most
tumor tissues compared to their adjacent non-
tumorous tissues. Immunohistochemical stain-
ing in analysis also exhibited that SEMA3A
expression was significantly lower in the tumor
tissues than other gastric tissues. Also we
show that overexpression of SEMA3A in AGS
cell significantly inhibits cell proliferation and
migration both in vitro. Furthermore, a
decreased expression of SEMA3A was signifi-
cantly associated with advanced TNM stage,
poor differentiation, depth of invasion, lymph
node metastasis, vascular invasion and dis-
tance metastasis, suggesting that abnormal
SEMAS3A expression might be involved in gas-
tric cancer tumor progression and metastasis
and that SEMAS3A could also play a tumor sup-
pressor role in gastric cancer. Moreover, it is
well known that a high prevalence of H. pylori is
always accompanied by a high incidence of
gastric cancer [41]. One study demonstrates
that H. pylori positivity is a beneficial prognostic
indicator in patients with gastric cancer [42].
However, in the present study, no significance
discrepancy in SEMA3A expression was obse-
rved in the patients with and without H. pylori
infection.

A Kaplan-Meier survival analysis showed low
SEMA3A expression significantly correlated
with shorter survival time of gastric cancer
patients. Spearman rank correlation analysis
suggested the more advanced clinical TNM
stage corresponding to the lower expression
level of SEMA3A in GC. Cox hazard ratio regres-
sion analyses further demonstrated that the
SEMA3A expression level was an independent
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sion inhibits breast can-

cer migration [10, 32].

Some studies also unveil
what we believe to be a new role of Sema3A as
an endogenous antiangiogenic inhibitor that
impairs angiogenesis and reduces late-stage
tumor volume without inducing enduring hypox-
ia or interfering with normal vessels. Since
reexpression of exogenous Sema3A in tumors
induces stable disease and normalizes the vas-
culature, this molecule holds promise as a tar-
get to be considered in designing new and more
efficient antiangiogenic and antitumor thera-
pies [43]. Finally, because our knowledge of
SEMA3A is still far from complete, further stud-
ies on mechanism that are involved in the
effect of SEMA3A will be necessary. The mech-
anisms that contribute to the down-regulated
expression of SEMA3A in gastric cancer require
further investigation.

To the best of our knowledge, this is the first
report that demonstrates the involvement of
SEMA3A in the carcinogenesis of GC. In the cur-
rent study, we have demonstrated the loss of
SEMAS3A expression in gastric cancer and its
correlation with poor differentiation, vascular
invasion, deep invasion level, distant metasta-
sis, advanced tumor stage, the presence of
lymph node metastasis, and poor outcome in
patients who underwent gastrectomy. Taken
together, these results strongly demonstrated
that the decreased SEMA3A expression in GC
should be a factor contributing to the develop-
ment rather than being affected as a conse-
quence of GC and we confirmed that SEMA3A
might serve as a candidate tumor suppressor
and prognostic biomarker in gastric carcino-
genesis. Moreover, we expect that SEMA3A

Int J Clin Exp Pathol 2014;7(8):4782-4794
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may function as a useful target for new thera-
peutic interventions against gastric cancer.
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