
Abstract. Background: Overall survival remains
unsatisfactory in stage II/III gastric cancer, even after
curative resection and adjuvant chemotherapy. Tensin 4
(TNS4), a cell adhesion factor, is associated with cancer-cell
motility and migration. Patients and Methods: We examined
the clinical significance of TNS4 gene expression in 134
patients with stage II/III gastric cancer who underwent
adjuvant chemotherapy with S-1. TNS4 gene expression in
surgical specimens was measured by quantitative reverse-
transcription polymerase chain reaction (RT-PCR). Results:
TNS4 gene expression levels were significantly higher in
cancer tissue than in adjacent normal mucosa. High TNS4
gene expression was associated with significantly poorer 5-
year overall survival than was low expression. On
multivariate analysis, TNS4 gene expression was an
independent prognostic factor. Conclusion: Overexpression of
the TNS4 gene is a useful independent predictor of outcomes
in patients with stage II/III gastric cancer who undergo
surgery and receive adjuvant chemotherapy with S-1.

Gastric cancer is the fifth most common cancer in the world
and the third leading cause of cancer-related death (1). The
outcomes of gastric cancer have been improved by
gastrectomy with D2 lymph-node dissection and advances in

chemotherapy (2). The Adjuvant Chemotherapy Trial of S-1
for Gastric Cancer (ACTS-GC) demonstrated that 1 year of
adjuvant chemotherapy with S-1, an oral fluoropyrimidine,
significantly improves outcomes in patients with stage II/III
gastric cancer who undergo gastrectomy with D2 dissection
(3). However, recurrence rates after curative resection and
adjuvant chemotherapy remain high in gastric cancer. In the
ACTS-GC study, the 5-year overall survival (OS) rate was
84.2% in those with stage II disease, 67.1% in those with
stage IIIA disease, and 50.2% in those with stage IIIB
disease, even after adjuvant chemotherapy with S-1 (4).
Further improvements in outcomes are likely to require
personalized therapy based on biomarker analysis.

We have searched for biomarkers of gastric cancer using
DNA microarray analysis in patients with stage II/III gastric
cancer who underwent curative resection and received
adjuvant chemotherapy with S-1. We found that expression
of the human tensin 4 (TNS4) gene in gastric cancer tissue
was 23.52-times higher than that in paired adjacent normal
mucosa (unpublished data). We, thus, focused on the clinical
significance of TNS4 gene expression in gastric cancer.

TNS4 is a member of the tensin gene family (5) and is also
known as COOH-terminus tensin-like molecule (CTEN) (6).
This gene family comprises four members (TNS1, TNS2,
TNS3, and TNS4) and their products are localized in the
cytoplasmic tails of integrins at focal adhesions. Tensins play
important roles in various biological processes, such as cell
adhesion, migration, proliferation, differentiation, apoptosis,
and invasion (6-9). TNS4 expression is up-regulated in many
cancer types (10-14), suggesting that overexpression of TNS4
may play a critical role in tumorigenesis.

In this study, we evaluated the clinical significance of the
relative expression of TNS4 in patients with stage II/III
gastric cancer who underwent curative resection followed by
adjuvant chemotherapy with S-1.
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Patients and Methods

Patients and samples. We studied surgical specimens of cancer tissue
from 134 patients with stage II/III gastric cancer who received no
preoperative therapy. The patients underwent curative resection and
postoperatively received adjuvant chemotherapy with S-1. As a
reference group, we concurrently studied TNS4 status and survival in
the 103 patients who did not receive adjuvant S-1 chemotherapy. No
patient had any other malignancy. All patients were treated at the
Department of Surgery, Yokohama City University, Japan and the
Gastroenterological Center, Yokohama City University Medical
Center and the Gastrointestinal Surgery, Kanagawa Cancer Center
between 2002 and 2010. Informed consent was obtained from each
patient, while the Ethics Committees of Yokohama City University,
Yokohama City University Medical Center (approval number: 18-7A-
4), and Kanagawa Cancer Center approved the protocol (approval
number: epidemiological study-29) before initiation of the study.

Each tissue sample was embedded in optimum cutting
temperature compound (Sakura Finetechnical Co., Ltd., Tokyo) and
immediately stored at −80˚C until use. Tissue specimens were
stained with hematoxylin and eosin and examined
histopathologically. Sections that consisted of >80% carcinoma cells
were used to prepare total RNA.

Cell lines. Human gastric cancer cell lines (MKN1, MKN7,
MKN45, MKN74, NUGC3, NUGC4, and Kato III) were provided
by the Japanese Cancer Research Bank, Tokyo, Japan. Cell lines
were maintained in Roswell Park Memorial Institute 1640 medium
(Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (Equitec-Bio, Ingram, TX, USA), 100 U/ml penicillin
G, and streptomycin (Invitrogen). The cells were incubated in 5%
CO2 at 37˚C and passaged every 3-4 days, except for MKN7, which
was subcultured at 7-day intervals.

RNA extraction and complementary DNA (cDNA) synthesis. Total
RNA isolated from cancer tissue and adjacent normal mucosa was
prepared with the use of Trizol (Gibco, Life Tech, Gaithersburg,
MD, USA). Complementary DNA (cDNA) was synthesized from
0.4 mg of total RNA with the use of an iScript cDNA synthesis kit
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). After synthesis,
the cDNA was diluted to 0.2 mg/ml with water and stored at −20˚C
until use.

Oligonucleotide primers for TNS4 cDNA amplification by reverse–
transcription polymerase chain reaction (RT-PCR). The
oligonucleotide primers for TNS4 were as follows: sense primer 5’-
CACCATGAAGTTCGTGATG-3’ and antisense primer 5’-CGGTA
TGAAGAGCTGTCC-3’. We used β-actin (ACTB) as the internal
control. The oligonucleotide primers for ACTB were as follows:
sense primer 5’-AGTTGCGTTACACCCTTTCTTGAC-3’ and
antisense primer 5’-GCTCGCTCCAACCGACTGC-3’. Amplifi-
cation of TNS4 was performed for 40 cycles of 1 min at 95˚C, 1 min
at 60˚C and 1 min at 72˚C. Amplification of ACTB was performed
for 40 cycles of 1 min at 95˚C, 1 min at 60˚C, and 1 min at 72˚C.
A 10-μl aliquot of each amplified PCR product was electrophoresed
on a 3% agarose gel containing ethidium bromide.

Quantitative real-time RT-PCR. Quantitative real-time PCR was
performed with iQ SYBR Green Supermix (Bio-Rad Laboratories).
PCR reactions were carried out in a total volume of 15 μl, which

included 0.2 μg of cDNA, 0.4 μM of each primer, 7.5 μl of iQ SYBR
Green Supermix containing dATP, dCTP, dGTP and dTTP at
concentrations of 400 μM each, as well as 50 units/ml of iTag DNA
polymerase. The PCR consisted of 3 min at 95˚C, followed by 40
cycles of denaturation of the cDNA for 10 sec at 95˚C, annealing for
10 sec at 60˚C (60˚C for ACTB) and a primer extension for 20 sec at
72˚C, followed by 10 min at 72˚C. To distinguish specific from
nonspecific products and primer dimmers, melting curve analyses
were performed. To evaluate specific mRNA expression in samples,
a standard curve was produced for each run, measuring three points
of the human control cDNA (Clontech Laboratories, Inc., CA, USA).
The concentration of each sample was calculated by relating its
crossing point to a standard curve.

Immunohistochemical analysis. Immunohistochemical studies of
TNS4 were performed on formalin-fixed, paraffin-embedded
surgical specimens obtained from patients with gastric cancer. The
tissue sections were deparaffinized and soaked in 10 mM citrate
buffer (pH 6.0) at 121˚C for 15 min to retrieve cell antigens. After
blocking, the sections were incubated overnight at 4˚C to allow
antigen–antibody reactions to occur. Peroxidase-labeled polymer
(EnVision+, rabbit; DAKO, Glostrup, Denmark) was used to detect
signals of antigen–antibody reactions. All sections were
counterstained with hematoxylin. Primary polyclonal antibodies
against TNS4 (Atlas Antibodies, Stockholm, Sweden) were used at
a dilution of 1:10.

Statistical analysis. Study samples were divided into two groups
(low-expression group, n=121; high-expression group, n=13)
according to the TNS4 expression level. Gene expression levels of
gastric cancer were then compared with those of adjacent normal
mucosa with the use of the Wilcoxon test. A univariate Cox
proportional-hazards model was used to evaluate the relations of OS
to TNS4 and potential prognostic variables, including age, gender,
tumor size, histological type, depth of invasion, lymph node
metastasis, lymphatic invasion, venous invasion, and tumor node
metastasis (TNM) stage. Cutoff points for TNS4 were evaluated with
the use of a multivariate Cox proportional-hazards model, including
prognostic factors that were significantly related to overall survival
in univariate analysis. The optimal cutoff point was selected by the
minimum p-value method, whereas the internal validity of the cutoff
point was evaluated with a two-fold cross-validation approach (15).
Relations between gene expression and potential prognostic variables
were evaluated with the chi-square test. The postoperative survival
rate was analyzed by the Kaplan–Meier method and differences in
survival rates were assessed with the log-rank test. All p-values of
less than 0.05 were considered to indicate statistical significance. All
statistical analyses were performed using the Dr. SPSS II program,
version 11.0.1J for Windows (SPSS, Inc., Chicago, IL, USA) and
SAS, version 9.3 (SAS Institute, Cary, NC, USA).

Results
Patients. The demographic and clinical characteristics of the
patients are summarized in Table I. Of the 134 patients, 94
(70.1%) had stage III disease.

TNS4 mRNA expression in human gastric cancer. Expression
of TNS4 mRNA in human gastric cancer cell lines and
clinical samples was analyzed by RT-PCR (Figure 1). TNS4

in vivo 31: 1065-1071 (2017)

1066



mRNA expression was observed in the human gastric cell
lines studied (MKN1, MKN7, MKN45, MKN74, NUGC3,
NUGC4, and Kato III) (Figure 1A). We also performed
RT-PCR analysis of TNS4 in specimens of gastric cancer
and paired normal adjacent mucosa obtained from seven
patients. TNS4 mRNA expression in these clinical samples
was significantly higher in cancer tissue than in paired
normal adjacent mucosa (Figure 1B). We confirmed TNS4
mRNA expression in clinical samples (n=74) by real-time
RT-PCR. Expression levels of the TNS4 gene were higher
in cancer than in adjacent normal mucosa (p<0.001;
Figure 2).

Immunohistochemistry of TNS4 expression. Expression of
TNS4 protein was evaluated by immunohistochemical
analysis of resected specimens of gastric cancer. Positive
staining for TNS4 was mainly observed in the cytoplasm and
was markedly more intense in human gastric cancer cells
than in stromal cells in both differentiated and
undifferentiated types of gastric cancer (Figure 3).

Univariate and multivariate analyses of the relation of
clinicopathological factors and TNS4 mRNA expression to
outcomes. TNM stage was related to OS on univariate
analysis. When 0.625 was used as the cut-off point for TNS4
gene expression level, the p-value was smallest in a
multivariate Cox proportional-hazards model including TNM
stage. A two-fold cross validation approach showed that
categorized TNS4 gene expression (p=0.013) and TNM stage
(p=0.037) were significantly related to OS (Table II).

Relation of TNS4 mRNA expression to clinicopathological
features. Study samples were divided into two groups (low-
expression group, n=121; high-expression group, n=13)
according to the expression of TNS4 mRNA using a cutoff
point of 0.625. The relationships between gene expression
and clinicopathological features were then examined. TNS4
gene expression levels tended to be positively related to
tumor size (Table III).

Survival curves according to TNS4 mRNA expression. In the
study group as a whole, 5-year OS was poorer in patients
with high TNS4 expression than in those with low TNS4
expression (log-rank p-value=0.007; Figure 4). Figure 5
shows the survival curves for the reference group of patients
with stage II/III gastric cancer who underwent curative
resection but did not receive adjuvant chemotherapy with 
S-1. There was no significant difference in survival between
the patients with low TNS4 expression and those with high
TNS4 expression (p=0.440).

Discussion

In this study, we measured TNS4 gene expression in cancer
tissue and adjacent normal mucosa in patients with stage
II/III gastric cancer who received curative resection followed
by adjuvant chemotherapy with S-1 and examined the
relationships of relative TNS4 gene expression to
clinicopathological factors and treatment outcomes.

We first compared relative mRNA expression levels of the
TNS4 gene between gastric cancer tissue and adjacent normal
mucosa. In a previous study, expression levels of TNS4
mRNA were higher in colorectal cancer than in normal
mucosa (13, 14). Another study found that TNS4 mRNA
levels in gastric cancer were significantly higher than those
in the matched mucosa (16). Our results are consistent with
these previous findings: expression levels of TNS4 mRNA
were significantly higher in 74 specimens of gastric cancer
tissue than in paired adjacent normal mucosa.

We next assessed the relation between TNS4 gene
expression levels and outcomes in gastric cancer. Breast
cancer-specific survival was reported to be significantly
shorter in patients with invasive breast cancer with high
TNS4 expression than in those with low TNS4 expression

Sawazaki et al: TNS4 in Stage II or III Gastric Cancer

1067

Table I. Baseline patient characteristics (n=134).

Variable/category                                                         Value

Age, years
   Median (range)                                                     66 (38-83)
Gender, n (%)
   Male                                                                      92 (68.7%)
   Female                                                                  42 (31.3%)
Tumor size, n (%)
   <6 cm                                                                   60 (44.8%)
   ≥6 cm                                                                   74 (55.2%)
Histological type, n (%)
   Differentiated                                                       53 (39.6%)
   Undifferentiated                                                   81 (60.4%)
Serosal invasion, n (%)
   Absent                                                                  53 (39.6%)
   Present                                                                  81 (60.4%)
Lymph-node metastasis, n (%)
   Absent                                                                  16 (11.9%)
   Present                                                                 118 (88.1%)
Lymphatic invasion, n (%)
   Absent                                                                  30 (22.4%)
   Present                                                                 104 (77.6%)
Venous invasion, n (%)
   Absent                                                                  33 (24.6%)
   Present                                                                 101 (75.4%)
TNM stage, n (%)
   II                                                                           40 (29.9%)
   III                                                                          94 (70.1%)
TNS4
   Median (range)                                                     66 (38-83)

TNS4: Tensin 4.



(17). In colon cancer, a previous study showed that patients
with high levels of TNS4 transcripts had significantly poorer
outcomes than those with low levels (18). Overall survival
has been reported to be shorter in patients with gastric cancer
with high TNS4 expression than in those with low TNS4
expression (16). Our results confirm and extend the findings
of these previous studies. Overall survival at 5 years was
significantly poorer in patients with high TNS4 gene
expression than in those with low TNS4 gene expression. On
univariate and multivariate Cox proportional-hazards
regression analysis, a higher level of TNS4 gene expression
was a significant independent predictor of 5-year survival in
patients with stage II/III gastric cancer after curative surgery
and adjuvant chemotherapy with S-1.

We finally examined the relation between TNS4 mRNA
expression levels and clinicopathological features in gastric
cancer. A previous study reported that overexpression of
TNS4 correlated with tumor size, histological grade, and
axillary nodal involvement in invasive breast carcinoma (17).
In colorectal cancer, high expression of TNS4 was reported
to be associated with advanced Duke’s stage and distant
metastasis (18). Increased TNS4 mRNA expression was
found to significantly correlate with histological grade,
serosal invasion, lymph-node metastasis, and peritoneal
dissemination in gastric cancer (16). In our study, TNS4
mRNA expression levels tended to be related to tumor size.

The reason why TNS4 gene expression is associated with
prognostic factors for stage II/III gastric cancer after curative
resection and adjuvant chemotherapy with S-1 remains to be

fully elucidated. Available evidence suggests that two main
factors are involved. One is the effect of TNS4 on cancer cell
motility, and the other is the relation between TNS4 and
epidermal growth factor receptor (EGFR), which was a
prognostic factor in the biomarker analysis of the ACTS-GC
study (19).
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Figure 1. Tensin 4 (TNS4) and β-actin mRNA expression in seven gastric cancer cell lines (a) and clinical samples (b) on reverse-transcription
polymerase chain reaction. T: Tumor, N: adjacent normal mucosa, n: negative control, p: positive control, m: ladder. The product sizes of TNS4
and β-actin were 129 bp and 171 bp, respectively.

Figure 2. Comparison of tensin 4 (TNS4) expression between gastric
cancer tissue and adjacent normal mucosa. Box boundaries: 25th and
75th percentiles of the observed values; capped bars: 10th and 90th
percentiles; solid line: median; circle: outlier. p-Values were calculated
by the Wilcoxon signed-rank test. TNS4 gene expression was
significantly higher in cancer tissue than in adjacent normal mucosa
(p<0.001).



Recent in vitro investigations reported that genes of the
tensin family positively regulate cell motility and migration
(20-23). Previous studies have reported that TNS4 correlates
with altered cell morphology and increased cell motility
attributed to repression of E-cadherin protein (13). Albasri et

al. reported that TNS4 expression was a prognostic factor in
colorectal cancer and that a TNS4–integrin-linked kinase
(ILK) pathway controlled cell motility and possibly
promoted metastasis by knocking down TNS4 and ILK in
vitro (18). Moreover, they demonstrated that TNS4 can
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Figure 3. Immunohistochemistry of tensin 4 (TNS4) expression. Expression of TNS4 protein was evaluated by immunohistochemical analysis of
resected specimens of gastric cancer. Positive staining for TNS4 was observed in the cytoplasm and was markedly more intense in human gastric
cancer cells than in stromal cells in both differentiated and undifferentiated types of gastric cancer.

Table II. Univariate and multivariate Cox proportional hazards analysis of clinicopathological factors.

                                                                                           Univariate analysis                                                             Multivariate analysis

Variable                                              Hazard ratio                     95% CI                       p-Value            Hazard ratio              95% CI                   p-Value

Age 
   ≥65 Years                                             0.673                       0.343-1.321                     0.250                                                                                      
Gender
   Female                                                  0.631                       0.286-1.394                     0.255                                                                                      
Tumor size 
   ≥6 cm                                                   1.085                       0.551-2.137                     0.813                                                                                      
Histological type 
   Undifferentiated                                   0.920                       0.465-1.823                     0.812                                                                                      
Serosal invasion 
   Present                                                  1.395                       0.679-2.864                     0.365                                                                                      
Lymph-node metastasis
   Present                                                  5.268                      0.720-38.538                    0.102                                                                                      
TNM stage 
   III                                                          2.808                       1.086-7.259                     0.033                   2.753                1.064-7.121                  0.037
Lymphatic invasion
  Present                                                  1.320                       0.546-3.192                     0.537                                                                                      

Venous invasion 
   Present                                                  1.712                       0.709-4.136                     0.232                                                                                      

TNS4 (continuous)                                   2.444                       1.580-3.780                    <0.001                                                                                     
TNS4 (binary)
   High                                                      2.974                       1.294-6.833                     0.010                   2.889                1.256-6.643                0.013*

CI: Confidence interval; TNS4: tensin 4. *p-Value was calculated using two-fold validation method.



influence metastatic processes in vivo by intrasplenic
injection into nude mice of colorectal cancer cells stably
transfected with a TNS4 expression vector, which resulted in
shorter OS than in the control.

The biomarker analysis in the ACTS-GC study showed
that EGFR was positively associated with poor outcomes in
patients with stage II/III gastric cancer after curative
resection and adjuvant chemotherapy with S-1 (19).
Previous studies have reported that the Src homology 2
(SH2) domain of TNS4 binds to tyrosine phosphorylated c-
Casitas B-lineage lymphoma (c-CBl), and this interaction
reduces the level of EGFR ubiquitination and degradation,
thereby prolonging EGFR signaling, which enhances the
tumorigenicity of cancer cells (24, 25). This mechanism is
thought to explain why TNS4 would be a prognostic factor
in patients with stage II/III gastric cancer after curative
resection and adjuvant chemotherapy with S-1.

In conclusion, TNS4 gene expression levels were higher
in gastric cancer tissue than in adjacent normal mucosa, and
high expression of this gene was significantly related to poor
outcomes in patients with stage II/III gastric cancer after

curative resection and adjuvant chemotherapy with S-1. Our
findings suggest that overexpression of the TNS4 gene is a
useful independent predictor of outcomes in patients with
stage II/III gastric cancer who undergo curative resection and
receive adjuvant chemotherapy with S-1.
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Table III. Relation between tensin 4 (TNS4) gene expression and
clinicopathological features.

                                                          TNS4 expression, n

Variable                                   Low (n=121)        High (n=13)      p-Value

Age (years)
   Mean±SD                                65.3±9.1              65.8±7.7           0.832
Gender
   Male                                             84                          8                 0.545
   Female                                          37                          5                     
Tumor size
   <6 cm                                           57                          3                 0.142
   ≥6 cm                                           64                         10                    
Histological type
   Differentiated                               46                          7                 0.371
   Undifferentiated                           75                          6                     
Serosal invasion
   Absent                                          49                          4                 0.565
   Present                                          72                          9                     
Lymph-node metastasis
   Absent                                          15                          1                >0.999
   Present                                         106                        12                    
Lymphatic invasion
   Absent                                          27                          3                >0.999
   Present                                          94                         10                    
Venous invasion
   Absent                                          30                          3                >0.999
   Present                                          91                         10                    
TNM stage
   II                                                   37                          3                 0.754
   III                                                 84                         10                    

Figure 4. Postoperative survival of patients with gastric cancer.
Comparison of postoperative survival according to tensin 4 (TNS4) gene
expression. In the study group as a whole, the 5-year overall survival
rate was poorer in patients with high TNS4 expression (39.5%) than in
those with low TNS4 expression (71.0%; log-rank p-value=0.007).

Figure 5. Postoperative survival of patients with gastric cancer not
treated with S-1 adjuvant chemotherapy. Comparison of postoperative
survival according to tensin 4 (TNS4) gene expression. There was no
difference in survival between the patients with low TNS4 expression
(62.5%) and those with high TNS4 expression (64.3%) (log-rank
p-value=0.44).
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