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Clinical significance of Stathminl expression and
epithelial-mesenchymal transition in curatively
resected gastric cancer
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Abstract. In our previous study, it was demonstrated that the
Stathminl (STMN1)isoverexpressed in gastric cancer (GC) and
that its high expression level is associated with tumor invasion
and metastasis. Epithelial-mesenchymal transition (EMT) has
also been shown to be critically involved in GC invasion and
metastasis. Certain studies have indicated that STMNI may
serve an important role in the EMT process. However, the
association between STMNI1 expression and EMT-associated
markers,as well asclinicopathological characteristics of patients
with GC, remains unclear. The aim of the present study was to
investigate the clinicopathological significance and prognostic
value of STMNI and EMT-associated markers in GC. The
expression of STMNI1 and the EMT-associated proteins
E-cadherin (E-Cad) and vimentin (VIM) were analyzed by
immunohistochemistry in GC and adjacent non-tumorous
tissues. Associations between the expression of these markers
and clinicopathological parameters were analyzed. The
association between STMNI1 expression and EMT-associated
markers was investigated in the GC cell lines BGC-803 and
SGC-7901. The results revealed that STMN1 was expressed in
63.5% of the 167 GC tissues, which was significantly higher
than the percentage observed in the adjacent non-tumorous
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tissues (P=0.003). The STMNI expression was demonstrated
to be positively associated with the VIM levels (P=0.001) and
negatively associated with the E-Cad levels (P=0.022) in GC
tissues. The STMNI expression was associated with Lauren's
Classification, invasion depth, lymph node metastasis and
pathological Tumor-Node-Metastasis (pTNM) stage (P<0.05).
In the univariate analyses, the high E-Cad expression was a
positive prognostic indicator for overall survival, whereas the
high STMNI1 and VIM expression was a negative indicator.
COX multiple regression analysis demonstrated that the
pI'NM stage [hazard ratio (HR) 1.912,95% confidence interval
(CI): 1.282-2.851, P=0.001] and E-Cad expression (HR 0.403,
95% CI: 0.249-0.650, P=0.000) were independent prognostic
factors. It was also revealed that the expression level of E-Cad
decreased, while the expression level of VIM increased by
depleting STMNI levels in GC cells. The present results
suggest that the aberrant expression of STMNI may promote
tumor progression through EMT in GC.

Introduction

Gastric cancer (GC) is one of the most common types
of malignant tumor and the secondary leading cause of
cancer-associated mortality worldwide (1). Despite improved
methods of diagnosis and treatment employed over the past
several decades, the prognosis of patients with advanced GC
remains poor, with the 5-year survival rates at <30% in the
majority of countries (2). Surgical resection is the mainstay of
treatment for GC. Even following curative resection, many GC
patients die as a result of local recurrence and distant metas-
tasis (3). Therefore, a better understanding of the molecular
mechanisms of tumor invasion and metastasis is very impor-
tant for tumor diagnosis and treatment.

Stathminl (STMNI1), also called Oncoprotein-18/Opl8 or
metablastin, is a microtubule-destabilizing protein that has
been found to play a critical role in the regulation of mitosis (4).
Recently, STMNI1 overexpression has been identified in a
wide spectrum of human malignancies and may serve as a
prognostic biomarker (5-7). Several studies have shown that an
increased STMNlexpression enhances proliferation, migration
and invasion of cancer cells, while the downregulation of
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STMNI expression produces the opposite effect (8-10). Our
previous study also indicated that STMNI is overexpressed in
GC, with its high expression level being associated with tumor
progression, and lymph node metastasis, and a predictive factor
of poor survival (11). However, to date, the exact function of
STMNT1 in GC invasion and metastasis remains unclear.

Epithelial-mesenchymal transition (EMT) plays a crucial
role in the invasion, migration and metastasis of cancer
cells (12,13). During the process of EMT, tumor cells lose
their epithelial characteristics and gain mesenchymal charac-
teristics to become invasive (14). A major hallmark of EMT
is the downregulation of the epithelial protein E-cadherin
(E-Cad) and the upregulation of the mesenchymal protein
vimentin (VIM) (15). E-Cad is a cell adhesion molecule that
is essential to maintaining the integrity of cell-cell contact in
epithelial cell layers. VIM is a cytoskeleton protein that may
be associated with mitochondrial motility and localization,
and VIM upregulation plays an important role in cell migra-
tion. Previous studies have established that EMT is associated
with tumor progression and metastasis in many types of
cancer (14,16,17). Furthermore, the expression of E-Cad and
VIM has been associated with metastasis and OS in many
types of human cancer, such as breast, lung, and colorectal
cancer, as well as GC.

STMNI is an important microtubule regulatory protein
and previous studies have shown that microtubule dynamics
could contribute to oncogenic EMT (18-20), suggesting that
STMNI may play an important role in the EMT. However,
the association between STMNI expression and EMT-related
markers as well as clinicopathological characteristics of GC
patients, remains unclear. Consequently, in the present study,
the expression of STMNI, E-Cad and VIM was examined in
patients with GC, and the correlation between these markers
was analyzed. Furthermore, the association between their
expression and clinicopathological parameters and prognosis
was determined. The expression of STMN1 and EMT-related
markers in GC cells was also examined. The present findings
may uncover the clinical significance of STMNI and EMT in
GC.

Materials and methods

Patients and tissue specimens. The present study was
approved by the Research Ethics Committee of Tianjin
Medical University Cancer Institute and Hospital (Tianjin,
China). All patients provided written informed consent.
Tumor samples were obtained from 167 GC patients who
underwent radical surgical resection at the Tianjin Medical
University Cancer Institute and Hospital (Tianjin, China)
between 2008 and 2011. The inclusion criteria were as follows:
i) Histologically confirmed adenocarcinoma; ii) not receiving
neo-adjuvant therapy; iii) underwent curative resection with
D2 lymph node dissection and retrieval of >15 lymph nodes;
iv) no evidence for distant metastases; v) full clinical and
pathological data were available; and vi) follow-ups had been
completed and follow-up data were available for each patient.
Matched normal gastric mucosa tissue samples were collected
from 80 cases during surgery at a distance of 5 cm from the
tumor margin, and used as the control. All patients included in
the study were Chinese.
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The following clinical data were collected for all patients:
Sex, age, tumor size, and location, histological differentiation,
serosal invasion, lymph node metastasis and pathological
Tumor-Node-Metastasis (pTNM) stage. The TNM stage of
each patient was confirmed by pathologists according to the
7th edition of the American Joint Committee on Cancer TNM
classification of gastric cancer (21). All patients were followed
up until either death or the end of the follow-up period
(December 30, 2016).

Immunohistochemistry. All freshly excised tissues were
paraffin fixed and serially sectioned at 4-pm thickness. The
paraffin sections were baked at 65°C for 4 h, deparaffinized
with xylene, and dehydrated through graded ethanol. Antigen
retrieval treatment was done at 95°C for 20 min in 0.01 mol/l
sodium citrate buffer (pH 6.0), and endogenous peroxidases
were blocked using 3% H,O, for 30 min. Sections were then
blocked with 10% goat serum albumin (Beijing Zhongshan
Jingiao Biotechnology Co., Ltd., Beijing, China) for 30 min.
Next, the slides were incubated overnight at 4°C in a humidified
chamber with the following primary antibodies: Anti-STMN1
(cat. no. ab52630; dilution 1:200; Abcam, Cambridge, UK),
anti-E-Cad (cat. no. ab40772; dilution 1:200; Abcam), and
anti-VIM (cat. no. ab92547; dilution 1:200; Abcam). Slides
were then washed three times with PBS and incubated with
horseradish peroxidase-conjugated secondary antibody
(OriGene Technologies, Inc., Beijing, China) for 1 h at 37°C.
Finally, staining was visualized using 3,3'-diaminobenzi-
dine and counterstained with hematoxylin. The slides were
dehydrated, cleared and permanently mounted with resinous
mounting medium. Known positive controls were included in
every staining procedure. PBS was used to replace primary
antibodies in the negative control.

Immunohistochemical staining was evaluated by two inde-
pendent pathologists who were blinded to the clinical data. In
each case, five representative fields were selected and at least
200 tumor cells were observed at a magnification of x400. The
staining score was based on the percentage of positive cells
and staining intensity (22). The percentage of cells stained
was counted and scored as follows: 0, <5; 1, 5-25; 2, 26-50;
3,51-75; and 4, 76-100%. The staining intensity was scored as
follows: 0, no staining; 1, buff; 2, buffy; and 3, puce. The total
score ranged from O to 12. When the multiplication product of
the two scores was >3, the samples were considered positively
stained.

Cell culture and siRNA transfection. The human GC cell lines
BGC-803 (mucinous GC, poorly differentiated) and SGC-7901
(adenocarcinoma, moderately differentiated) used in this
study were purchased from the Cell Resource Center of the
Institutes for Biological Science (Shanghai, China). All cells
were cultured in RPMI-1640 medium supplemented with 10%
fetal bovine serum (Thermo Fisher Scientific, Inc., Waltham,
MA, USA), 100 U/ml penicillin and 100 mg/ml streptomycin
(Merck KGaA, Darmstadt, Germany). The cells were grown at
37°C in a humidified atmosphere containing 5% CO,.

The small interfering RNA (siRNA) targeting STMNI1
gene was purchased from Santa Cruz Biotechnology, Inc.,
(Dallas, TX, USA; cat. no. sc-36127). The siRNA transfec-
tion was performed using Lipofectamine 2000 (Thermo
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Table I. Associations between STMN1, E-Cad and VIM expression and clinicopathological characteristics of GC.

STMNI1 E-Cad VIM
Variables Cases (n) Positive Negative P-value Positive Negative P-value Positive Negative P-value
Sex 167 106 61 0.311 48 119 0.184 62 105 0.383
Male 120 79 41 31 89 47 73
Female 47 27 20 17 30 15 32
Age (years) 0.406 0.557 0.731
<60 86 52 34 23 63 33 53
>60 81 54 27 25 56 29 52
Tumor size (cm) 0.694 0.271 0.653
<5 69 45 24 23 46 27 42
>5 98 61 37 25 73 35 63
Histological differentiation 0.061 0.014* 0.408
Well/moderate 41 21 20 18 23 13 28
Poor/undifferentiation 126 85 41 30 96 49 77
Lauren's classification 0.037* 0.017 0.581
Intestinal type 47 24 23 18 29 19 28
Diffuse type 120 82 38 30 80 43 77
Serosal invasion 0.019* 0.007° 0.534
Negative 31 14 17 15 16 10 21
Positive 136 92 44 33 103 52 84
Lymph node metastasis 0.005° 0.0001°¢ 0.0001°¢
NO 42 19 23 21 21 16 73
N (+) 125 87 38 27 98 46 32
TNM stage 0.008° 0.0001°¢ 0.039*
I+I0 48 23 25 24 24 12 36
I 119 83 36 24 95 50 69

P<0.05; "P<0.01; °P<0.0001. STMN1, Stathmin1; E-Cad, E-cadherin; VIM, vimentin; GC, gastric cancer; TNM, tumor-node-metastasis.

Fisher Scientific, Inc., Waltham, MA, USA) according to the
manufacturer's instructions. The culture medium was replaced
following a 6-h transfection. After 48 h, the cells were harvested
for subsequent experiments. A sequence non-specific to any
known gene was used as the negative control siRNA (sc-37007;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA).

Western blot analysis. Cells were collected and washed
with PBS, and protein was extracted using lysis buffer
(PMSF: RIPA=1:100, Beyotime Institute of Biotechnology,
Haimen, China). Protein concentrations were measured
by BCA Protein Assay Reagent (Pierce; Thermo Fisher
Scientific, Inc.). Total proteins were separated by 10%
SDS-polyacrylamide gel electrophoresis, electro-transferred
onto polyvinylidene fluoride membranes (EMD Millipore,
Billerica, MA, USA), and blocked with 5% non-fat milk in
PBS with 0.05% Tween-20 for 2 h. The membranes were
incubated overnight at 4°C with the following antibodies:
Anti-STMNI1 (cat. no. ab52630; dilution 1:500; Abcam),
anti-E-Cad (cat. no. ab40772; dilution 1:500; Abcam),
anti-VIM (cat. no. ab92547; dilution 1:500; Abcam), and
anti-f-actin (cat. no. ab8227; dilution 1:2,000; Abcam). The

membrane was incubated with secondary antibodies for 1 h at
room temperature. The immunocomplexes were visualized by
enhanced chemiluminescence.

Follow-up and statistical analysis. All statistical analysis was
performed using SPSS version 17.0 (SPSS, Inc., Chicago, IL,
USA). The follow-up assessments were conducted by mail, tele-
phone, and personal interviews. All patients were followed
up for a minimum of 5 years or until death. The association
between the patients' clinicopathological features and the
expression of STMNI, E-Cad and VIM was estimated using
the %2 test or Fisher's exact test. The correlations between
STMNI, E-Cad and VIM were assessed using Spearman's rho.
OS was defined as the interval between the date of surgery
and the date of death or final follow-up. Kaplan-Meier survival
analysis (log-rank test) was used to evaluate the association
between markers and survival. Factors with potential impor-
tance on univariate analysis were included in multivariate
analysis. Multivariate analysis of the OS was performed
using the Cox proportional hazards model with forward step
procedures. P<0.05 were considered to indicate a statistically
significant difference.
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Figure 1. Immunohistochemical staining of STMN1, E-Cad and VIM in GC
and adjacent normal tissues. Representative images displaying (A) positive
and (B) negative STMNI expression, (C) positive and (D) negative E-cad
expression, and (E) positive and (F) negative VIM expression in GC tissues,
as well as the (G) positive and (H) negative STMNI1 expression in adjacent
normal tissues. Magnification, x400. STMNI1, Stathminl; E-Cad, E-cadherin;
VIM, vimentin; GC, gastric cancer.

Results

Patient characteristics. A total of 167 cases of primary GC
were analyzed, including 120 (71.9%) men and 47 (28.1%)
women. The age of patients ranged from 26 to 79 years, with a
mean age of 58.8 years. The follow-up period ranged from 2 to
95 months (median, 34.2 months). Primary tumor size ranged
from 0.5 to 16 cm with a mean size of 5.17+2.58 cm. From the
167 patients, 145 (86.8%) had serosal invasion and 126 (75.4%)
had lymph node metastasis. The number of patients with
stage I/IT and III GC were 48 and 119, respectively. The main
clinical characteristics of patients are detailed in Table I.

Protein expression of STMNI, E-Cad and VIM in GC tissues.
The results of immunohistochemistry are presented in Fig. 1.
Positive expression of STMNI was observed in the cytoplasm
of the GC cells, with a pattern of buffy granules (Fig. 1A). From
the 167 patients, 106 (63.5%) exhibited a positive expression
of STMNI. In the adjacent normal gastric mucosa, STMNI1
was present at a low level (43.5%; 35/80), indicating significant
differences between the two groups (Table II).
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Table II. Protein expression of STMN1, E-Cad and VIM in GC
and adjacent normal tissues.

Cancer tissue, Normal tissue,
Group n (%) n (%) x> P-value
STMNI1 8.589 0.003*
Positive 106 (63.5) 35 (43.5)
Negative 61 (36.5) 45 (56.5)
E-Cad 62.896 0.0001°
Positive 48 (28.7) 66 (82.5)
Negative 119 (71.3) 14 (17.5)
VIM 14.196 0.0001°
Positive 62 (37.1) 11 (13.8)
Negative 105 (62.9) 69 (86.2)

2P<0.01; ®P<0.0001. STMNI, Stathminl; E-Cad, E-cadherin; VIM,
vimentin; GC, gastric cancer.

Table III. Association among the expression of STMNI, and
E-Cad and VIM expression in gastric cancer.

STMNI expression

Variable Positive Negative P-value
E-Cad 0.022
Positive 24 24
Negative 82 37
VIM 0.001
Positive 49 13
Negative 57 48

STMNI1, Stathmin1; E-Cad, E-cadherin; VIM, vimentin.

E-Cad protein expression was observed at the intercellular
junctions (Fig. 1C). Adjacent non-tumorous gastric mucosa
exhibited a high E-Cad expression (82.5%, 66/80). The present
results showed 28.7% (48/167) of GC cases to be positive for
E-Cad, a markedly lower percentage than that in adjacent
normal gastric tissues.

VIM expression was mainly identified on the stromal
structures of normal or neoplastic tissues, as well as the
cytoplasm of neoplastic tissues (Fig. 1E). In the present study,
31.7% (62/167) of GC tissues were positive for VIM, which
was significantly higher than the positive expression in adja-
cent normal tissues (13.8%; 11/80).

Association between clinicopathological variables and the
expression levels of STMNI, E-Cad and VIM. As shown in
Table I, it was found that the STMNI expression was signifi-
cantly correlated with Lauren's Classification, invasion depth,
lymph node metastasis and pTNM stage (P<0.05), but not with
sex, age, tumor size or histological differentiation (P>0.05).
Positive STMNI1 expression was closely associated with
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Figure 2. Kaplan-Meier survival curves of 167 patients with GC. (A) Overall survival curve. Survival of patients with GC stratified by the expression of
(B) STMNI, (C) E-Cad and (D) VIM. GC, gastric cancer; STMNI, Stathminl; E-Cad, E-cadherin; VIM, vimentin.

diffuse-type cancer, greater invasion depth, advanced pTNM
stage and higher percentages of lymph node metastasis. The
loss of E-Cad expression was closely associated with poorly
differentiated tumor grade, greater invasion depth, advanced
pI'NM stage and lymph node metastasis (P<0.05). In addition,
it was found that the positive VIM expression group had a
higher percentage of patients with lymph node metastasis or
pI'NM stage III cancer than did the negative VIM expression
group (P<0.05).

Correlation among the expression of STMNI, E-Cad and
VIM. As shown in Table III, there was a negative correlation
between the expression of STMNI and E-Cad (P=0.022), and
a positive correlation between the expression of STMNI and
VIM (P=0.001).

Univariate and multivariate analysis of prognostic factors. Of
the 167 GC patients, the median survival time was 50.0 months
(range, 3-98 months), and the 5-year survival rate was 32.7%.
The OS curve is shown in Fig. 2A. In order to identify prog-
nostic factors for survival, univariate and multivariate Cox's
regression test was performed. According to the univariate
analysis results, the OS was significantly correlated with

tumor size, serosal invasion, lymph node metastasis, pTNM
stage, and STMNI, E-Cad, and VIM expressions (P<0.05); by
contrast, no significant relationships were detected between
OS and sex, age, histological differentiation and Lauren's clas-
sification (P>0.05; Table IV). Patients with tumors that highly
expressed STMNI and VIM had a significantly lower 5-year
survival rate than those with tumors expressing STMNI
(26.8 vs. 48.4%; Fig. 2B) and VIM (27.6 vs. 52.6%; Fig. 2D)
at a low level. The group of patients with a positive or high
E-Cad expression in their tumors had a better prognosis than
those with a low E-Cad expression (5-year survival rate,
46.7 vs. 19.2%; Fig. 2C).

Inthemultivariate analysis,the E-Cadexpressionlevel [hazard
ratio (HR)=0.403, 95% confidence interval (CI): 0.249-0.650,
P=0.000] and pTNM stage (HR=1.912, 95% CI: 1.282-2.851,
P=0.001) were independent prognostic factors for OS.

STMNI-siRNA induces a change in EMT-related protein
expression in GC cells. Western blotting was performed to
evaluate the association between STMNI and EMT-related
proteins in GC cells. The results indicated that STMNI1 expres-
sion was successfully inhibited by STMN RNAi in BGC-803
and SGC-7901 cells. As compared with the negative or blank
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Table I'V. Univariate and multivariate Cox's regression test of OS in patients with GC.

Univariate analyses

Multivariate analyses

Variables HR 95% C1 P-value HR 95% CI P-value
Sex (male vs. female) 1.281 0.883-1.858 0.193

Age (<60 vs. >60) 1.202 0.836-1.728 0.320

Tumor size (<5 vs. >5) 2.202 1.368-3.543 0.001°

Histological differentiation: Well/moderate vs. 1.473 0.972-2.010 0.084

poor/undifferentiation

Lauren's classification: Intestinal vs. diffuse 1.347 0.929-1.952 0.117

Serosal invasion: Negative vs. positive 3.850 1.565-9.468 0.003*

Lymph node metastasis: N(-) vs. N(+) 2.066 1.430-2.985 0.0001¢

TNM stage: I+I1 vs. I11 3.877 2.399-6.268 0.0001¢ 1912 1.282-2.851 0.001°
STMNI expression: Negative vs. positive 1.755 1.177-2.616 0.005*

VIM expression: Negative vs. positive 2.110 1.360-3.274 0.001°

E-Cad expression: Negative vs. positive 0.297 0.187-0.472 0.0001°¢ 0.403 0.249-0.650 0.0001¢

“P<0.01; °P<0.001; °P<0.0001. STMNI1, Stathmin1; E-Cad, E-cadherin; VIM, vimentin; GC, gastric cancer; OS, overall survival; HR, hazard

ratio; CI, confidence interval; TNM, tumor-node-metastasis.
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Figure 3. STMNI and EMT-associated proteins detected by western blotting.
The protein expression level of STMNI, E-Cad and VIM in (A) BGS-803
and (B) SGC-7901 GC cell lines was determined using western blotting. NC,
negative control; STMNI, Stathminl; EMT, epithelial-mesenchymal transi-
tion; E-Cad, E-cadherin; VIM, vimentin; GC, gastric cancer; RNAi, RNA
interference.
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control groups, the STMNI1 RNAI clearly downregulated
VIM in the RNAi group, but E-Cad was upregulated (Fig. 3).

Discussion

GC is a highly heterogeneous disease, and even in patients with
similar clinical and pathological features, the outcome can be

considerably different. Tumor progression and metastasis are
the main factors influencing the prognosis. Several mecha-
nisms have been identified as key factors in tumor progression
and metastasis, such as EMT (12), signaling pathway activa-
tion (23) and cancer stem cell theory (24).

Recent studies have shown that EMT plays an important
role in tumor invasion and metastasis in GC (16,25) and
our previous study also suggested that STMNI1 may also
influence GC tumor progression (11). Although certain studies
revealed a critical role of STMNI expression in EMT (26),
the interaction between the expression levels of STMNI and
EMT-related markers in GC remains unclear. In the present
study, the expression of STMNI1 and EMT-related makers was
semi-quantitatively examined in postoperative patients with
GC, and the association between the expressions of these
markers and the clinicopathological variables and patient OS
was further analyzed. It was demonstrated that STMNI and
EMT-related markers are differentially expressed between GC
and adjacent non-tumorous tissues. In addition, the STMNI1
expression in GC tissues was found to be associated with the
EMT-related markers E-Cad and VIM, proteins closely linked
with cancer progression and survival.

STMNI has been reported as an important cytosolic
phosphoprotein that can regulate microtubule dynamics
by participating in microtubule catastrophe and/or in the
sequestering of a/B-tubulin heterodimers. As an important
microtubule-destabilizing protein, STMNI has already been
found to be involved in a variety of other biological processes,
including cell differentiation, cell proliferation, cell migration,
metastasis and drug resistance (4,8). In our previous study,
STMNI1 was found to be overexpressed in GC tissues, and the
high STMNI expression level was associated with poor prog-
nosis in GC (11). Jeon et al (27) suggested that the knockdown
of STMNI in the GC cells resulted in decreased proliferation,
migration and invasion in vitro and in vivo. In agreement with
these reports, it was found that the STMNI expression was
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higher in GC than in adjacent non-tumorous tissues, and its
high expression was correlated with invasion depth, lymph
node metastasis and pTNM stage. These results suggested
that the abnormal expression of STMNI is closely associated
with the malignant features of GC. Survival analysis indicated
that patients who exhibited a high STMNI1 expression had a
shorter 5-year OS than patients with a low STMN1 expression.
However, multivariate analysis showed that STMNI1 expres-
sion was not an independent predictor of poor prognosis.
These results are consistent with our previous study, as well as
others (11,27,28), indicating that STMN1 overexpression is
associated with tumor progression and poor prognosis.

EMT is an important process in tumor invasion and
metastasis, including in GC (16,25). It is defined by the loss of
epithelial morphology and the acquisition of a mesenchymal
phenotype (15). E-Cad is a calcium-dependent transmembrane
glycoprotein and plays a crucial role in maintaining tight junc-
tions and structures between different epithelia. By contrast,
VIM is a cytoskeletal protein, usually associated with cells
of mesenchymal origin. Interacting with other cytoskeletal
proteins, VIM acts on cell morphology and participates in
cell motility and migration. The diverse roles of these two
proteins lead to their different functions in the EMT process
of cancer (29). It is generally accepted that a reduced E-Cad
expression coupled with an increased VIM expression is
characteristic of EMT. In the present study, the expression
of EMT-related molecular markers, E-Cad and VIM, was
assessed by IHC. The results demonstrated that the expres-
sion level of epithelial marker E-Cad was clearly lower in GC
tumor tissues than in adjacent non-tumorous tissues, while the
expression level of mesenchymal marker VIM was signifi-
cantly higher in tumor tissues. Previous studies (30-33) have
reported that the E-Cad expression ranged from 30.0 to 42.9%
in GC. In the present study, the E-Cad expression level was
28.7%, which was similar to the levels observed in previous
studies. Consistent with the literature, the results of the present
study indicated that the decreased E-Cad expression was posi-
tively correlated with invasion depth, lymph node metastasis
and advanced pTNM stage. Multivariate analysis showed that
the E-Cad expression was independently associated with the
outcome of GC. Several studies have reported that the rate
of positive VIM expression in surgically resected GC ranged
from 12.2 to 60.4% (32,34,35). In agreement with these results,
a positive VIM expression was observed in 31.7% of the cases
in the present study. The VIM expression was correlated with
adverse clinical features, such as lymph node metastasis and
advanced pTNM stage. However, the prognostic value of VIM
for GC remains under debate. Survival analysis showed that
the increased VIM expression was correlated with a poor
prognosis. These findings suggested that EMT is associated
with the progressive phenotypes and poor outcome in GC.

Certain previous studies may shed light on the role of
STMNI in EMT. Li et al (18) reported that STMNI might
promote the EMT process through regulating microtubule
dynamics in cancer. Williams et al (19) found that the
inactivation of STMNI is key to promoting oncogenesis and
EMT. Loss of STMNI gene compromises cell-cell adhesion,
which is followed by EMT. These findings indicated that
SMTNI1 may regulate EMT in human cancer. However,
whether STMNI is associated with EMT in GC remains
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unclear. The present results demonstrated that the proteins
STMNI and VIM are upregulated in GC tissues, whereas
E-Cad is downregulated, which indicated that SMTNI1
and EMT should be involved in tumor development and
progression. Further tests showed that a high STMNI1
expression is significantly and positively correlated with
VIM expression levels and negatively correlated with those
of E-Cad. Our investigations also suggested that reducing
the expression of STMNI would result in the increased the
expression of epithelial marker E-cad, and decreased the
expression of mesenchymal marker VIM in GC cells. These
findings indicated that overexpressed STMNI may enhance
metastasis and aggressiveness in GC, partly via facilitating
the EMT process. However, the exact relationship between
STMNI1 and EMT remains to be determined, and further
studies are required to uncover the potential mechanisms of
STMNI and EMT.

Some studies have shown that STMNI expression and
EMT are associated with the prognosis of patients with GC.
The present results showed that patients with a high expression
of STMNI1 and VIM in their tumors had a poorer OS than
those with a low expression. Meanwhile, patients with tumors
that highly expressed E-Cad had a better prognosis than
patients with tumors with a low E-Cad expression. Multivariate
analysis results indicated that only the E-Cad expression
was an independent factor influencing the prognosis of GC
patients. This result suggested that E-Cad may function
as a clinically relevant tumor marker in conjunction with
other clinicopathological parameters to affect prognoses
in GC patients following surgery. However, the prognostic
value of E-Cad for GC remains under debate. Some studies
have reported that E-Cad expression is linked to improved
patient survival; this has been supported by in vitro studies
reporting that the EMT is associated with tumor progression
and metastasis (36). Other studies have reported that E-Cad
expression does not predict prognosis in GC (37). The
discrepancies between these studies might be due to difference
in sample size and population.

Despite the suggestive nature and replicability of the
findings, the study has certain limitations: Only one technique,
immunochemistry, was used, and the sample size was
limited. Further studies with larger sample sizes and different
techniques used are required to confirm the present results.

In conclusion, the present study demonstrated that the
expression level of STMNI and EMT-related markers E-Cad
and VIM were associated with tumor progression and prognosis
in GC. STMNI expression levels were found to be associated
with those of E-Cad and VIM. STMNI may promote tumor
progression through EMT in GC. However, the relationship
between STMNI1 and EMT in the field of GC remains to be
elucidated.
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