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Background: Gastric adenocarcinoma is known to be the fourth most common cancer type and the second
cause of cancer-related deaths. Movement and invasion of cancer cells is one of the major characteristics of
the cancer phenotype that various types of network regulate this. Expression levels of slingshot diphosphatase
1 (SSH1) gene has been modulated in this pathway. SSH1 acts as a dephosphorylation and activator of cofilin
that this regulating and activating by SSHI can play a major role in the mobility and migration of the cell.
The aim of this study was to compare the expression level of SSHI1 genes between tumor and corresponding
adjacent non tumor gastric tissues and healthy tissue of gastric adenocarcinoma.

Methods: In this study, mRNA of 40 gastric adenocarcinoma and corresponding adjacent non tumor gastric
tissues and 15 healthy biopsy samples was extracted, then after cDNA synthesis, real-time polymerase chain
reaction was performed to measure gene expression.

Results: According to REST analysis, the relative expression of SSH1 was significantly increased in gastric
cancer tissues compared to the corresponding adjacent non tumor gastric tissue samples and normal tissue.
Nevertheless, the result revealed no substantial correlation between the expression levels of SSH1 with
clinical features. The biomarker index for SSH1 was obtained as 0.89.

Conclusions: The results obtained from investigating SSH1 expression are indicative of significant
changes in the expression of this gene in gastric adenocarcinoma. This gene can also be used as a biomarker

for gastric cancer.
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Introduction

Gastric cancer, which originates from the cancer of the cells
in inner lining of stomach (1), is known to be the fourth
most common cancer type and the second cause of cancer-
related deaths (2). In terms of anatomy, adenocarcinoma
is the most common type of gastric cancer in 90% of
cases. Based on the classification made by Lauren system,
stomach adenocarcinoma is divided into two types including
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intestinal and defuse (3). According to some findings, defuse
type is more prevalent among women (4), and intestinal
type is more associated with intestinal metaplasia and H.
pylori infection (5).

The prevalence of gastric cancer among men is twice
that of women, and over 70% of cases diagnosed with this
cancer have been reported to be in developing countries (6).

The incidence and severity of this cancer in the geographical
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regions of East Asia and Eastern Europe and southern
parts of United States are considerably high (7). In general,
northern areas of Iran ranging from the northwest to
northeast are considered to be high risk areas for this cancer
type (8). Gastric cancer is a multifactorial disorder that,
unfortunately, is commonly diagnosed when the disease is in
its advanced stages and metastatic symptoms are observed (9).

Current treatments for gastric cancer include surgery,
chemotherapy, and prosthodontics (10). However, these
treatments are often ineffective due to poor prognosis (11),
and the overall 5-year survival rate is approximately 25.7%,
which has not been changed significantly over the past 30 to
40 years (12).

Since tumor and metastasis destructively affect patients
during early stages of development, they are considered
to be the main causes of death among cancer patients.
Disruption in the regulation of cellular movements in
cancer cells is a major contributor to the invasion and
metastasis. Actin protein and its regulation protein as
basic engines for cellular mobility play a critical role in the
development and metastasis of cancer cells (13).

CFL1 is one of the most important actin regulating
proteins. By depolymerizing actin, this protein stimulates
the mobility and dynamics of cellular skeletons, which
is essential for many processes including cytokines and
cellular movements (14,15). Through phosphorylation
by LIMK, CFL1 is deactivated; it is activated through
dephosphorylation by slingshot diphosphatase (SSH) in
ser3 (16,17). Thus, regulating and activating the CFL1 by
SSHI1 can play a major role in the mobility and migration
of the cell.

SSHI1 is a gene on the long arm of chromosome 12.
The protein is encoded by the gene that belongs to SSH
phosphate family, which regulates the dynamics of the
actin strand by activating CFL1 (18). SSHI acts as a
dephosphorylation and activator of cofilin (19).

Phosphatase domain which belongs to SSH family has
an active site motif (HCxxGxxR) found in Dual specificity
phosphatase (DSP) and protein tyrosine phosphatases
(PTPs). In addition, p domain can identify phosphorylated
CFL1 and A domain, and trp 458 to connect to F-actin and
to activate SSH1 (20). Protein 14-3-3 is one of the SSH1
inhibitor proteins (21).

Consequently, the SSH1 connection to cofilin and its
dephosphorylation in SER3 can trigger the activation of
cofilin and increase polymerization and de-polymerization
of actin, thus result in cellular mobility (22). On the other
hand, the SSH1 causes dephosphorylation and deactivation
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of LIMK 1, which inhibits CFL1. As a result, the SSH1
plays a twofold role in the regulation and activation of
CFL1 and actin (20).

Due to the destructive effects of tumor metastasis in the
early stages of development, which is the main cause of the
death in cancer patients, the SSH1 gene (as an active agent
in regulating CFL1 and actin, and cellular and metastatic
mobility) was used in the current research to enable the
researchers to examine the changes in this gene in the
tumor samples compared to healthy ones.

Accordingly, by examining the results obtained, probable
determination of these genes as tumor markers was taken
into account.

Methods
Study population

Forty pairs of advanced gastric cancer tissues (T'1-T40) and
corresponding adjacent non tumor gastric tissues(marginal
samples) (N1-N40) (in proximal gastric tumor, the samples
were taken from gastric distal healthy tissues, and in distal
gastric tumor, the samples were taken from gastric proximal
healthy tissues) as well as 15 healthy samples were randomly
obtained from healthy participants with the permission of
the Research Ethics Committee, who underwent endoscopy
at Madani and Imam Reza Hospital (Azarbayjan, Iran).
None of the samples from patient who underwent
chemotherapy or radiotherapy were transferred into liquid
nitrogen after removal from the body. The adjacent non-
tumorous tissues were taken from the farthest distance from
tumor (more than 4 cm). A pathologist determined the type
of cancer. The average age of patients with gastric cancer
was 66 years, and 67.5% of the participants were males
and the rest were females. Pathological examinations and
the confirmation of tumorigenic results and the type and
stage of tumor were done by a pathologist. The consent
was received from all patients. The clinicopathological
characteristics of all patients are shown in Table 1.

RNA isolation and complementary DNA syntbesis

Total RNA isolation from tumor tissues and the adjacent non
tumorous and healthy tissues was done by Trizol (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. The quality and quantity of isolated RINAs were
analyzed respectively by 1% agarose gel electrophoresis and
picodrop at the 260/280 ratio of absorbance [picodrop, Bob
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Table 1 Slingshot diphosphatase 1 (SSH1) expression and
clinicopathological characteristics of patients with gastric cancer

SSH1 relevant

Variable expression (2% P value
Sample type 0.001
Tumor 40 0.161+0.027
Adjacent non-tumor 40 0.024+0.004
Normal 15 0.035+0.007
Age 0.267
<66 years 20 0.186+0.046
>66 years 20 0.135+0.028
Gender 0.892
Male 27 0.160+0.0369
Female 13 0.163+0.0362
Histological grade 0.759
Well differentiated 15 0.188+0.063
Moderate differentiated 4 0.104+0.048
Poorly differentiated 21 0.152+0.024

Batty International (BBI), UK]. For the degradation of any
DNA contamination in extracted RNAs, the researchers
used Dnasel enzyme in accordance with the company’s
instruction. Subsequently, complementary DNA (cDNA)
was obtained according to the manufacturer’s instruction
(Fermentas, Canada) in a final 20 pL reaction volume.

Real-time PCR

Primer sequences for f2m (as an internal control) and SSH1
were designed from published sequences in the GeneBank
nucleic acid database and synthesized by Macrogen, Korea.
The B2m expression level was used as an endogenous
normalization factor.

Real-time PCR reactions were performed using SYBR®
Green (purchased from Amplicon) by Rotor-gene detection
system and the following primer pairs:

B2m forward primer: 5'-CTACTCTCTCTTTCTGG
CCTG-3"; B2m reverse primer: 5'-GACAAGTCTGAA
TGCTCCAC-3';

SSHI1 forward primer: 5'-GATGGAGATGGTG
GGTTCAG-3"; SSH1 reverse primer: 5'-GGGGAAGT
AGTTGTGCCTC-3".

The experiments were done in triplicate for each sample
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with a control without a template in each experiment. The
protocol used for Real-time PCR is as follows: A denaturation
program, 95 °C for 15 min; and an amplification and a
quantification program, 40 cycles of 95 °C for 30 s, 63 °C for
35's, 72 °C for 30 s with final extension, 72 °C for 5 min.

Statistical analyses

The alteration of SSH1 gene expression was analyzed by
AACt method, and SPSS software (with P<0.05) was used
for statistical analyses. Normalization was done by using
B,m as an endogenous reference gene which is essential
for the compensation of intra- and inter-kinetic RT-PCR
variations. Independent #-test and One-way ANOVA LSD
test and post-hoc multiple comparison test were used for
comparisons between two groups and among three groups,
respectively. P<0.05 was considered to be statistically
significant and data were shown as mean + SD.

The relative expression analysis of SSH1 was performed
by a randomization test using the Relative Expression
Software Tool (REST) 2009. Receiver operating
characteristic (ROC) curve was used to evaluate the
specificity and sensitivity of predicting gastric cancer and
normal tissues by SSH1 expression levels. Moreover, the
sensitivity/specificity at various cut off values was analyzed
using Sigma Plot 12.5. P values <0.05 were considered to
indicate a statistically significant difference.

Results
Expression levels of SSH1 in three types of gastric tissues

The relative expression of SSH1 was significantly increased
in gastric cancer tissues compared to the paired adjacent
non tumor ones (according to REST analysis). The
results obtained from checking the expression of SSH1
by normalizing the expression using internal control of
B2m showed significant changes in the expression of this
gene with a 6.044 times increase risk of gastric cancer in
gastric adenocarcinoma samples compared to healthy tumor
adjacencies (P=0.001).

Expression of SHH1 in three types of gastric tissues
(i.e., tumoral tissue, adjacent non tumor, and normal
tissues) was analyzed by One-way ANOVA LSD test and
post-hoc multiple comparison test. However, a review of
SSH1 gene expression in adjacent non tumor samples and
healthy samples did not show a significant increase in SSH1
expression (P=0.757>0.05) (Figure I).
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Figure 1 Relative expression of slingshot diphosphatase 1 (SSH1) in
gastric cancer compared with its expression in marginal and normal

tissues.
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Figure 2 Receiver operating characteristic (ROC) curve for SSH1
which distinguishes gastric cancer from benign disease. The area
under the ROC is 0.89 out of 1. ROC is a graph which plots tpr (true
positive rate) vs. FPR (false positive rate) for different descriptors
threshold. Since the vertical axis(y) in ROC curve indicates true
positive rate and hypothetical x-value indicates false positive. The
bigger y-value for a hypothetical x-value shows the better performance

of a descriptor. CT; cycle threshold; A, area under the ROC.

Association between overexpression of SSHI and
clinicopathological features

The association of SSH1 expression with clinicopathological
features such as age (P=0.267), gender (P=0.892), and
differentiation (P=0.759) was analysed by using SPSS 16.
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The results indicated that the upregulation of SSH1 did not
significantly correlate with clinicopathological features in
Gastric adenocarcinoma patients. These results are shown

in Table 1.

Capability of SSH1 to be a candidate biomarker for the
detection of gastric cancer

ROC curves were used to analyze the sensitivity and
specificity of SSH1. The findings showed a ROC area
(AROC) of 0.89 biomarker index for this gene. ROC curve

data are shown in Figure 2.

Discussion

Nowadays, cancer is a common cause of death all over the
world (23). In recent years, the researchers suggest that
molecular biological features play an important role in
the diagnosis and treatment of gastric cancer. Therefore,
the identification of strong biomarkers is essential for
early diagnosis of the disease. The mobility and invasion
of cancer cells is one of the essential properties of
malignant phenotype. Dynamic regulation of actin strand
is essential for cell migration and invasion. CFL1 can be
dephosphorylated and activated by SSH1. Furthermore,
the activity of cofilin phosphatase (SSH1) is significantly
increased by binding it to F-actin (24).

By regulating CFL1 and actin, SSHI plays an important
role in the activation and invasion of cells. Therefore, in the
current research, changes in the expression of SSHI in the
gastric adenocarcinoma were evaluated by measuring the
expression of SSH1 in gastric tumor samples, adjacent non-
tumor tissues, and healthy samples from healthy people.
The ability of SSH1 to act as a diagnostic marker for gastric
adenocarcinoma was also studied.

The results obtained from investigating SSH1 expression
with normalization of expression by p2m internal control
is indicative of significant changes in the expression of this
gene in gastric adenocarcinoma. In addition, the findings
indicate that this gene with a biomarker indicator of 0.89
can act as a relatively suitable biomarker, which is consistent
with the findings reported in the previous studies. In the
current article, also, changes in the expression of healthy
samples were compared with those of tumor samples, which
showed a significant increase in the expression of tumor
marginal samples.

In the meantime, an analysis of expression of SSH1
in the adjacent tumor tissues and healthy tissues did not
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indicate any significant increase. Therefore, adjacent non-
tumor tissues did not differ from healthy tissues in this
regard, which is indicative of the low number of tumor cells
and the difference in the areas adjacent to tumor; thereafter,
it would be possible to discriminate tumor areas from non-
tumor ones.

By studying pancreatic cancer samples, Wang et a/.
reported the progression of SSH1 expression in tumor cells
among these patients in their final stages. The authors also
showed that SSH1 is an important regulator of CFL1. In
addition, by silencing the gene in the pancreatic cancer
cell line by the siRNA SSHI, they indicated that this
gene also plays an important role in the progression of
cancer and metastasis, and it may be a potential target for
the prevention or treatment of invasive and metastatic
pancreatic cancer (25). The findings are consistent with the
ones obtained from the current research.

In another research performed on the inhibition of
mobility and cell invasion of pancreatic cancer using
sennoside A, it was shown that cellular mobility inhibition
by sennoside A has been occurred by suppressing SSHI;
as a result, regulating the activity of SSH1 can be a new
therapeutic approach for patients with pancreatic cancer (26).

By silencing the CFL1 gene through CFL1 siRNA in
the prostate cancer cell line, it was shown that silencing
of the CFL1 gene, metastasis and cellular movement in
cell line can reduce the prostate cancer (27). This finding
is consistent with the results obtained from the study
performed on VSMC. In this study, by examining the
function of cofilin and SSH1 and their relationship with
VSMC and silencing cofilin by siRNA, Rebecca et al.
showed that cofilin is of high significance for regulating
the VSMC mobility and migration. Moreover, regulation
of VMSC migration by cofilin totally depends on SSHI.
Furthermore, by inhibiting SSH1 by siRNA, the authors
reported some results which were similar to those obtained
from the inhibition of cofilin, and suggested that SSH1
plays an important role in cellular invasion and mobility of
the VSMC (17).

In the leading study of SSH1 gene expression in tumor
samples, considering the pathological characteristics of
individuals such as age (above and below 66), sex (i.e.,
being male or female) and degree of tumor differentiation,
it was shown that increased expression of this gene
was independent of sex, age, and the degree of tumor
differentiation in patients.

Overall, the findings of this study showed that the
expression of SSH1 has a significant relationship with the
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cancerous nature of the tumors, which means that SSH1
would have a high potential to be a marker molecule in the
diagnosis and treatment of gastric tumors.
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