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Abstract. Chloride intracellular channel 1 (CLIC1) has been 
demonstrated to be overexpressed in gastric cancer, and 
elevated CLIC1 expression levels are markedly associated 
with the processes of tumor cell migration and invasion. 
However, the regulatory mechanism and signaling pathway 
underlying these processes have remained to be elucidated. 
The present study examined the impact of N-acetyl cysteine 
(NAC), indanyloxyacetic acid (IAA)-94 and SB203580, 
inhibitors of reactive oxygen species (ROS), as well as CLIC1 
and p38 mitogen-activated protein kinase (MAPK) on the 
migration and invasion of SGC-7901 gastric cancer cells in a 
hypoxia‑reoxygenation (H-R) microenvironment. The results 
demonstrated that intracellular ROS and CLIC1 levels were 
increased under H‑R conditions, and that functional inhibi-
tion of CLIC1 significantly decreased the H‑R‑elevated ROS 
generation and p‑p38 MAPK levels in SGC‑7901 cells, as well 
as inhibited the migration and invasion of SGC‑7901 cells. In 
addition, the expression levels of MMP‑2 and MMP‑9 were 
inhibited by NAC, IAA‑94 and SB203580. These results indi-
cated that CLIC1 regulates gastric cancer-cell migration and 
invasion via the ROS‑mediated p38 MAPK signaling pathway.

Introduction

Gastric cancer remains the fifth most common type of cancer, 
and the third leading cause of cancer‑associated mortality 
worldwide (1). In China, gastric cancer has a five‑year relative 
survival rate of ~20% or less, due to the fact that the majority 
of patients are diagnosed with metastatic gastric cancer at 
presentation (2). The early diagnosis of individuals at a high 
risk of metastasis is hindered by a lack of understanding of 

the underlying molecular mechanisms. Previous studies have 
recognized novel biochemical functions of chloride intracel-
lular channel (CLIC) in the regulatory mechanism of tumor 
cells (3‑5). CLIC proteins are components or regulators of 
novel intracellular anion channels in mammalian cells (6). 
CLIC1, one of the members of CLIC, has been demonstrated 
to be overexpressed in gastric tumor cells, and elevated CLIC1 
are markedly associated with the metastasis of lymph nodes, 
and lymphatic and perineural invasion (7,8). In addition, down-
regulation in the expression of CLIC1 following transfection 
with CLIC1 small interfering (si)RNAs efficiently inhibits 
the migration and invasion of gastric cancer cells in vitro (9). 
However, the potential regulatory mechanism and signaling 
pathway underlying the migration and invasion of gastric 
cancer cells remains to be elucidated.

CLIC1 is also reported to be a sensor and effector in oxida-
tive stress (10), which is characterized by the overproduction 
of reactive oxygen species (ROS). Emerging evidence has 
suggested that elevated ROS levels function as a secondary 
signaling molecule and are involved in the cellular processes 
of cancer migration and invasion  (11,12). Previous studies 
have demonstrated that intracellular ROS levels activate 
the mitogen‑activated protein kinase (MAPK) signaling 
pathway (13‑15), and trigger the ROS/eukaryotic protein kinase 
signaling pathway, which is involved in the CLIC1‑mediated 
regulation of cell migration and invasion in colon cancer (16). 
Whether similar effects and mechanisms are present in gastric 
cancer remains to be elucidated.

It is well‑known that ROS can be produced in a hypoxia 
and reoxygenation (H‑R) microenvironment (17), and CLIL1 
was reported to be involved in colon cancer metastasis under 
H‑R conditions  (18). The present study hypothesized that 
CLIC1 may mediate the migration and invasion of gastric 
cancer cells via the ROS/p38 MAPK signaling pathway. To 
test this hypothesis, the present study assessed the migration 
and invasion of SGC‑7901 gastric cancer cells following 
downregulation of intracellular ROS levels under H‑R condi-
tions, and investigated whether this process is regulated by the 
ROS/p38 MAPK signaling pathway.

Materials and methods

Materials and reagents. The SGC‑7901 human gastric cancer 
cell line was obtained from the Shanghai Institute for Biological 
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Sciences of the Chinese Academy of Sciences (Shanghai, China). 
The specific inhibitor of ROS, N‑acetyl cysteine (NAC), was 
purchased from Beyotime Institute of Biotechnology (Nantong, 
China). The inhibitor of CLIC1, indanyloxyacetic (IAA)‑94 
was purchased from Sigma‑Aldrich (St. Louis, MO, USA). The 
chemical inhibitor of p38‑MAPK (SB203580) was purchased 
from Merck Millipore (Darmstadt, Germany). Antibodies 
targeting p38 MAPK, phosphorylated (p)‑p38 MAPK, matrix 
metalloproteinase (MMP)‑2 and MMP‑9 were purchased from 
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

SGC‑7901 cell culture and treatment. The SGC‑7901 human 
gastric cancer cell line was incubated in 1% Dulbecco's modi-
fied Eagle's medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS; Sigma-Aldrich), 100  U/ml penicillin 
and 100 µg/ml streptomycin (both from Cosmo Bio Co., Ltd., 
Tokyo, Japan), and cultured at 37˚C in an atmosphere containing 
5% CO2 with saturated humidity. H‑R conditions were produced, 
as previously described (19,20). Briefly, for H‑R treatment, the 
SGC‑7901 cells (1x104cells/well) cultured in serum‑free media 
were placed in a humidified incubator under hypoxia (95% N2 

and 5% CO2) for 6 h. Following the period of hypoxia, the cells 
were rapidly transferred to a humidified incubator containing 
95% air and 5% CO2 for 18 h. In the normoxic control treatment 
group, the cells were maintained in an incubator with a humidi-
fied atmosphere of 95% air and 5% CO2 for the same period of 
time as the H‑R group.

Intracellular ROS measurement. The production of intracel-
lular ROS was measured using a dichloro‑dihydro‑fluorescein 
diacetate (DCFH‑DA) fluorescent probe (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The high intensity 
fluorescent compound, dichlorofluorescein (DCF), is formed 
following the passive entry of DCFH‑DA into the cell to react 
with ROS. Briefly, the cells were trypsinized with a solution of 
0.25% trypsin (containing 0.02% EDTA; Sigma-Aldrich) and 
cultivated in 96‑well plates (1x104cells/well), and pre‑processed 
with NAC (30 mmol/l) or IAA‑94 (1, 20 or 40 µmol/l) for 1 h 
to determine the effect of specific inhibitors on the production 
of ROS. Following treatment with H‑R or normoxic condi-
tions, the cells were washed twice with DMEM without FBS, 
and were then treated with 10 µM DCFH‑DA at 37˚C in an 
atmosphere containing 5% CO2 for 20 min. The cells were then 
washed a further three times with phosphate‑buffered saline 
(PBS) and observed under a fluorescence microscope (CK40-
F200; Olympus, Tokyo, Japan). The fluorescence intensity of 
DCFH‑DA was measured using a Victor 3 microplate reader 
(PerkinElmer, Inc., Waltham, MA, USA). The cells were 
dissolved using 1% SDS (Bio-Rad Laboratories, Hercules, CA, 
USA) and centrifuged at 14,000 x g for 5 min at 4˚C, prior to 
the removal of the supernatant and plating into a 96‑well plate. 
Measurements were made at an excitation wavelength of 485 nm 
and emission wavelength of 530 nm. Values are expressed as the 
fold change, compared with the normoxic group.

Wound healing assay. A wound healing assay was performed 
to examine the capacity of cell migration. Following trypsin-
ization with a solution of 0.25% trypsin and EDTA, SGC‑7901 
cells in the logarithmic growth phase were cultivated in 6‑well 
plates at a density of 5x104 cells/well. When the cells grew to 

80% confluence, the cell monolayers were scratched using a 
sterile pipette tip to form a wound. The cells were subsequently 
treated with NAC (30 mmol/l), IAA‑94 (40 µmol/l), or SB203580 
(10 µmol/l) for 1 h, and then exposed to H‑R or normoxic condi-
tions for 24 h at 37˚C. Images of the wound healing process 
were captured under a microscope (Nikon Eclipse TS 100; 
Nikon Corporation, Tokyo, Japan) at 0 and 24 h, respectively. 
The wound recovery rates (%) were calculated using ImagePro 
Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, 
USA) and were used to indicate the migration of the SGC‑7901 
cells. The experiments were performed triplicate.

Cell invasion assay. SGC‑7901 cell invasiveness was assayed 
using Biocoat Matrigel Invasion Chambers (BD Biosciences, 
Franklin Lakes, NJ, USA), according to the manufacturer's 
protocol. Briefly, the cells were trypsinized and plated in the 
upper chamber at a density of 1x105 cells/ml, and 5% FBS 
was added to the lower chamber to act as a chemoattractant. 
To determine the effect of specific inhibitors, the cells were 
pre‑treated with NAC (30 mmol/l), IAA‑94 (40 µmol/l) or 
SB203580 (10 µmol/l) for 1 h prior to their addition to the 
chamber. Following exposure to H‑R or normoxic conditions, 
the non‑invading cells were removed by wiping with a cotton 
swab, and the invaded cells, located on the lower surface of 
the membrane, were fixed with paraformaldehyde (Bio-Rad 
Laboratories, Inc.) and stained with crystal violet (Bio-Rad 
Laboratories, Inc.). For quantification, the cells were counted 
under a microscope (X41; Olympus) in five randomly‑selected 
fields. Data are expressed as the relative number of invaded 
cells, compared with those in normoxic conditions.

Western blot analysis. SGC-7901 cells were cultured until 
sub‑confluence and protein was extracted using a mammalian 
cell lysis kit (Bio Basic Inc., Markham, OT, Canada). In brief, 
cells were collected and washed twice by cold PBS, and lysed 
in 50 µl lysis buffer (2 mmol/l Tris-HCl pH 7.4, 50 mmol/l 
NaCl, 25  mmol/l EDTA, 50  mmol/l NaF, 1.5  mmol/l 
Na3VO4, 1% Triton  X-100, 0.1% SDS supplemented with 
protease inhibitors, 1 mmol/l phenylmethylsulfonylfluoride, 
10 mg/l pepstatin, 10 mg/l aprotinin and 5 mg/l leupeptin; 
all from Sigma-Aldrich). Then cells were centrifuged 
at 13,000 x g for 15 min at 4˚C, prior to collection of the 
supernatant. Protein concentration was measured using a 
Bicinchoninic Acid Protein Assay kit (Sigma-Aldrich). The 
proteins were then separated by 10% SDS‑PAGE (Bio-Rad 
Laboratories, Inc.) and electrotransferred onto immunoblot 
nitrocellulose membranes (EMD Millipore, Billerica, MA, 
USA). The membranes were blocked in 3% Tris‑buffered 
saline containing 0.05% Tween‑20 and 5% fat‑free dry milk, 
prior to incubation with primary antibodies overnight at 4˚C, 
followed by horseradish peroxidase‑conjugated secondary 
antibody for 1 h. Primary antibodies against CLIC1 (1:400), 
MAPK (1:400), p‑MAPK (1:400), MMP‑2 (1:200), MMP‑9 
(1:200) and GAPDH (1:1,000) were used. Western blots 
were visualized by enhanced chemiluminescence reagent 
(GE Healthcare Bio‑Sciences, Pittsburgh, PA, USA) and 
the density of the bands was quantified using Quantity 
One software (version 4.2.2; Bio-Rad Laboratories, Inc.). 
Experiments were performed three times and band intensi-
ties were normalized to GAPDH.
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Statistical analysis. All data are presented as the mean ± stan-
dard deviation of three experiments. Statistical analysis was 
performed using SPSS software, version  13.0 (SPSS, Inc., 
Chicago, IL, USA). Statistical comparisons were performed 
using one‑way analysis of variance. P<0.05 between the H‑R 
group and control group was considered to indicated a statisti-
cally significant difference.

Results

H‑R conditions induce intracellular ROS production in 
SGC‑7901 gastric cancer cells. To determine whether H‑R 
conditions induced the production of ROS, an intracellular 
ROS‑sensitive fluorescence indicator, DCFH‑DA, was used. 
The oxidation of non‑fluorescent DCFH to highly fluorescent 
DCF, which emits green fluorescence, provides a quantitative 
assay of ROS generation (21). Following exposure to H‑R condi-
tions, DCF+ fluorescence was markedly increased (Fig. 1A), 
and was 2.64 times higher than that in the normoxic group 
(F=11.63; P<0.001; Fig. 1B), indicating that H‑R conditions 
induced the production of ROS in the SGC‑7901 gastric cancer 
cells. Following exposure to the NAC antioxidant, the levels of 
ROS in the SGC‑7901 gastric cancer cells were 0.73-fold of the 
normoxic group and were significantly decreased, compared 
with the H‑R group (F=14.48; P<0.001). These results suggested 
that the levels of intracellular ROS in SGC‑7901 gastric cancer 
cells increased under H‑R conditions.

Functional inhibition of CLIC1 downregulates ROS production 
in SGC‑7901 gastric cancer cells. As CLIC1 may function as 
a ‘sensor’ and ‘effector’ of the oxidative stress in cells (10), a 
specific CLIC1 inhibitor, IAA‑94, was introduced into the 
SGC‑7901 gastric cancer cells to further determine the factors 
involved in the production of ROS. Following incubation with 

IAA‑94 at different concentrations (1, 20 and 40 µmol/l), ROS 
generation was reduced in a concentration‑dependent manner. 
IAA‑94 (20 and 40 µmol/l) induced marked inhibition of ROS, 
compared with the H‑R group (F=13.59; P<0.001; F=15.14; 
P<0.001), as shown in Fig. 2A. Western blot analysis revealed 
that the protein expression levels of CLIC1 in the SGC‑7901 
gastric cancer cells under H‑R conditions were significantly 
increased, compared with those in the normoxic control group, 
(F=4.658; P=0.009). However, IAA‑94 did not downregulate 
the elevated protein expression levels of CLIC1 (Fig. 2B and C). 
These results suggested that the functional inhibition of CLIC1 
may be involved in downregulating the production of ROS in 
SGC‑7901 gastric cancer cells.

CLICl is involved in the regulation of SGC‑7901 gastric 
cancer cell migration. The metastatic process of cancer cells 
is usually accompanied by morphological changes, to enable 
the cells to pass through narrow extracellular spaces in order 
to metastasize (22). In the present study, a wound healing assay 
was performed to examine the capacity of cell migration. As 
shown in Fig. 3, compared with the normoxic control group, 
H‑R conditions caused a significant increase in wound recovery 
(F=6.745; P=0.003). In addition, NAC and IAA‑94 (40 µmol/l) 
inhibited this wound healing effect. These results suggested that 
CLICl was involved in regulating the migration of SGC‑7901 
gastric cancer cells, and this effect may be achieved via the 
ROS‑mediated signaling pathway. As p38 MAPK has been 
demonstrated to be an important signaling molecule for cell 
invasion and migration in human breast epithelial cells (23), 
10 µmol/l SB203580, a chemical inhibitor of p38, was used 
to determine whether the ROS/p38 MAPK signaling pathway 
contributed to the migration of the SGC‑7901 gastric cancer 
cells. SB203580 also inhibited the elevated cell motility 
induced by H‑R conditions, indicating that the ROS/p38 MAPK 

Figure 1. H‑R conditions induce the production of ROS. (A) SGC‑7901 human gastric cancer cells were pre‑treated with the antioxidant NAC (30 mmol/l) for 
1 h prior to exposure to H‑R conditions for 24 h. ROS production was analyzed using DCFH‑DA staining under a fluoresence microscope (magnification, x40). 
DCF fluorescence was markedly increased under H-R conditions, and after exposure to the NAC anti‑oxidant, the DCF fluorescence was significantly decreased 
compared with that in the H‑R group. (B) Fluorescence intensity of DCFH‑DA was measured using a Victor 3 microplate reader. Values are expressed as the 
fold of normoxia of three independent experiments and are presented as the mean ± standard deviation. *P<0.05 and **P<0.01, vs, normoxic group; ##P<0.01, 
vs. H‑R group. N, normoxia; H‑R, hypoxia‑reoxygenation; ROS, reactive oxygen species; NAC, N‑acetyl cysteine; DCFH‑DA, dichloro‑dihydro‑fluorescein 
diacetate.

  A

  B
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signaling pathway is involved in the migration of SGC‑7901 
gastric cancer cells.

CLICl is involved in the regulation of SGC‑7901 gastric 
cancer cell invasion. The effect of CLIC1 on SGC‑7901 
gastric cancer cell invasiveness was examined using Matrigel 
invasion assays in  vitro. As shown in Fig.  4, compared 
with the normoxic control group, the invasiveness of the 
SGC‑7901 gastric cancer cells was markedly increased under 

H‑R conditions (F=15.063; P<0.001). Following pre‑treat-
ment with NAC (30  mmol/l) or IAA‑94 (40  µmol/l), the 
elevated invasiveness caused by H‑R exposure was inhibited. 
Treatment with the SB203580 (10 µmol/l) inhibitor of p38 
MAPK also inhibited the elevated cell invasiveness induced 
by H‑R conditions. These results suggested that CLICl was 
involved in the regulation of SGC‑7901 gastric cancer cell 
invasion, and this process may activate the ROS‑p38 MAPK 
signaling pathway.

Figure 3. CLICl is involved in the regulation SGC‑7901 gastric cancer cell migration. A wound healing assay was performed to H‑R or normoxic conditions for 
24 h. (A) Images of the wound healing process were captured using a microscope (magnification, x100). (B) Wound recovery rates (%) were quantified using 
ImageProPlus 6.0 software, and presented as the mean ± standard deviation of three experiments. **P<0.01, vs, normoxic group; ##P<0.01, vs. H‑R group. N, 
normoxia; H‑R. H‑R, hypoxia‑reoxygenation; IAA‑94, indanyloxyacetic acid 94; NAC, N‑acetyl cysteine.

  A   B

Figure 2. CLIC1 regulates the production of ROS in SGC‑7901 gastric cancer cells under H‑R conditions. SGC‑7901 cells were pre‑treated with the CLIC1 
inhibitor, IAA‑94 (1, 20 and 40 µmol/l), for 1 h followed by H‑R condition exposure for 24 h. ROS production was analyzed using DCFH‑DA staining and the 
fluorescence intensity of DCFH‑DA was measured using a Victor 3 microplate reader. (A) Data are expressed as the fold of normoxia. (B and C) Protein expres-
sion levels of CLIC1 were measured using western blot analysis, with band intensities were normalized to GAPDH. Data are presented as the mean ± standard 
deviation of three independent experiments. *P<0.05 and **P<0.01, vs, normoxic group; ##P<0.01, vs. H‑R group. N, normoxia; H‑R. H‑R, hypoxia‑reoxygenation; 
ROS, reactive oxygen species; DCFH‑DA, dichloro‑dihydro‑fluorescein diacetate; IAA‑94, indanyloxyacetic acid 94; CLIC1, chloride intracellular channel 1.

  A   B

  C
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CLICl regulates gastric cancer cell migration and invasion 
via the ROS‑mediated p38 MAPK signaling pathway. It has 
been demonstrated that the p38 MAPK signaling pathway is 

associated with cancer migration. In order to further examine 
whether CLICl regulates gastric cancer cell migration and inva-
sion via the ROS‑mediated p38 MAPK signaling pathway, the 

Figure 4. CLICl is involved in the regulation of SGC‑7901 gastric cancer cell invasion. Cells were treated with NAC (30 mmol/l), IAA‑94 (40 µmol/l) or 
SB203580 (10 µmol/l) for 1 h and then exposed to H‑R or normoxic conditions for 24 h. A Matrigel invasion assay was performed to examine SGC‑7901 gastric 
cancer cell invasiveness. (A) Invaded cells were fixed and stained with crystal violet and observed under a microscope (magnification, x100). (B) Numbers of 
invaded ceslls were quantified under a microscope in five randomly‑selected fields. Data are expressed as the relative number of invading cells compared with 
those under normoxic conditions and are presented as the mean ± standard deviation. **P<0.01, vs, normoxic group; ##P<0.01, vs. H‑R group. N, normoxia; H‑R. 
H‑R, hypoxia‑reoxygenation; IAA‑94, indanyloxyacetic acid 94; NAC, N‑acetyl cysteine.

  A   B

Figure 5. CLICl regulates gastric cancer cell migration and invasion via the ROS‑mediated p38 MAPK signaling pathway. The cells were treated with NAC 
(30 mmol/l), IAA‑94 (40 µmol/l) or SB203580 (10 µmol/l) for 1 h, and then exposed to H‑R or normoxic conditions for 24 h. (A) Protein expression levels of p‑p 
38 MAPK (relative to p38 MAPK), MMP‑2 and MMP‑9 (normalized to GAPDH) were measured using western blot analysis. (B‑D) Quantified band intensities 
are presented as the mean ± standard deviation of three independent experiments. *P<0.05 and **P<0.01, vs, normoxic group; ##P<0.01, vs. H‑R group. ROS, 
reactive oxygen species; p, phospho; MAPK, mitogen‑activated protein kinase; N, normoxia; H‑R, hypoxia‑reoxygenation; IAA‑94, indanyloxyacetic acid 94; 
NAC, N‑acetyl cysteine; MMP, matrix metalloproteinase.

  A

  B   C   D
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expression levels of p‑p38 MAPK were examined. In addition, 
the activities of MMP‑2 and MMP‑9, two important mediators 
of cancer metastasis were quantified using western blotting. H‑R 
exposure led to a significant increase in the expression levels of 
p‑p38, MMP‑2 and MMP‑9, and these effects were be inhib-
ited by treatment with NAC, IAA‑94 and SB203580 (Fig. 5A). 
Compared with the normoxic group, the protein expression 
levels of p‑p38 (F=4.626; P=0.009), MMP‑2 (F=4.503; P=0.011) 
and MMP‑9 (F=7.967; P=0.001) were significantly increased 
following H‑R exposure (Fig. 5B-D). By contrast, the protein 
expression levels of p‑p38 (F=8.764; P<0.001), MMP‑2 (F=5.284; 
P=0.006) and MMP‑9 (F=11.476; P<0.001) were significantly 
reduced following treatment with NAC, compared with the H‑R 
treatment group, which indicated that ROS activated the p38 
MAPK signaling pathway under H‑R conditions. Similar effects 
were observed following treatment with IAA‑94 and SB203580. 
These results suggested that CLIC1 regulated gastric cancer 
cell metastasis, which was activated via the ROS‑mediated p38 
MAPK signaling pathway.

Discussion

Metastasis of cancer cells is a complex biological process, which 
is associated with changes in specific cytokines and signaling 
pathways  (24,25). Tumor hypoxia promotes the malignant 
tumor cell phenotype, and is one of the mechanisms underlying 
increased tumor aggressiveness (26). Previously, studies have 
demonstrated that tumor cells exist in the H‑R environment 
due to its irregular microvascular network and blood flow 
patterns  (27,28). Based on these biological hypotheses, the 
present study exposed gastric cancer cells to H‑R treatment, 
and the results demonstrated that the migration and invasion 
of gastric cancer cells were significantly increased under H‑R 
conditions. These findings were concordant with those of 
previous studies, in which H‑R was demonstrated to markedly 
regulate cell migration in breast cancer (29) and cell invasive-
ness in pancreatic cancer (19).

CLIC1 is markedly associated with the migration and inva-
sion of gastric cancer, which is supported by evidence presented 
in previous studies. Chen et al (8) reported that the expression 
levels of CLIC1 in tumor regions increased 1.95‑fold, compared 
with adjacent non‑cancerous tissue samples, and elevated 
CLIC1 was associated with lymph node metastasis, lymphatic 
and perineural invasion and pathological staging. Ma et al (9) 
revealed that transfection of the SGC‑7901 gastric cancer cell 
line with CLIC1 siRNA effectively downregulated the protein 
expression levels of CLIC1, which led to the inhibition of inva-
sion and migration by 54.32 and 29.26%, respectively. However, 
the molecular mechanisms underlying these processes remain 
to be elucidated. CLIC1 may act as a ‘sensor’ and ‘effector’ of 
the process of oxidative stress (10), in which CLIC1 reacts to the 
transformation of the membrane, resulting in its overexpression 
and the enhancement of channel activity. Based on these findings, 
the present study further investigated whether the expression of 
CLICl was associated with oxidative stress in gastric cancer. 
The results demonstrated that H‑R conditions induced a marked 
increase in the expression levels of CLIC1 and ROS. Although 
the inhibitor of CLIC1, IAA‑94, did not downregulate the 
elevated protein expression levels of CLIC1, the H‑R‑induced 
elevation in intracellular ROS levels were significantly inhibited 

by IAA‑94, suggesting that the functional inhibition of the 
activity of the CLIC1 signaling pathway may be involved in 
downregulating ROS production in SGC‑7901 gastric cancer 
cells. Therefore, CLICl was involved in the metastasis and inva-
sion of gastric cancer cells, and these processes were produced 
through the regulation of intracellular ROS.

ROS are constantly generated and eliminated to maintain 
equilibrium under biological conditions, and are associated 
with the regulation of various physiological and pathological 
processes, including cell differentiation, proliferation and 
apoptosis (30,31). Previous studies have suggested that ROS 
and their associated redox‑sensitive signaling pathways may 
be involved in tumor metastasis (32‑35). Chronic and sustained 
generation of ROS can activate certain metastasis‑associated 
proteins, including MMPs, which are regulated by MAPK 
signal transduction pathways (36‑38). The p38 MAPK signaling 
pathway has been identified as an important member of the 
MAPK family. It is activated by environmental and genotoxic 
stresses, and is involved, not only in the regulation of cell 
growth, differentiation, death and synchronization between 
cellular function, but also in the proliferation, differentiation, 
migration and invasion of specific cell types with positive 
regulation (39,40). MMPs can affect the degradation of the 
extracellular matrix (ECM), permitting cancer cells to migrate 
across the basal membrane prior to invading adjacent or distant 
tissues and organs (41). As MMP‑2 and MMP‑9 can degrade 
the majority of ECM components forming the basal membrane, 
the expression levels of MMP‑2 and MMP‑9, as well as p‑p38 
MAPK were examined in the present study using western blot-
ting. The results demonstrated that exposure to H‑R conditions 
led to a significant increase in the expression levels of p‑p38, 
MMP‑2 and MMP‑9, and this increase was inhibited by NAC, 
IAA‑94 and SB203580, indicating that the ROS‑mediated p38 
MAPK signaling pathway was involved in CLIC1‑regulated 
gastric cancer cell metastasis.

In conclusion, the involvement of the ROS‑mediated p38 
MAPK signaling pathway in SGC‑7901 cell metastasis was 
further supported by investigations in the present study using 
ROS, CLIC1 and p38 MAPK inhibitors, which demonstrated 
that CLIC1 activated the p38 MAPK signaling pathway during 
gastric cancer cell migration and invasion, and this process was 
mediated by ROS. Although the use of SGC‑7901 cell lines as 
a model system to investigate gastric cancer metastasis may not 
represent the tumor in its entirety, the information provided in 
the present study contributes to an improved understanding of 
the molecular mechanisms underlying CLIC1‑regulated gastric 
cancer metastasis.
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