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Abstract

AIM: To investigate the mechanisms of chloride intra-
cellular channel 1 (CLIC1) in the metastasis of colon
cancer under hypoxia-reoxygenation (H-R) conditions.

METHODS: Fluorescent probes were used to detect
reactive oxygen species (ROS) in LOVO cells. Wound
healing assay and transwell assay were performed to
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examine the migration and invasion of LOVO cells. Ex-
pression of CLIC1 mRNA and protein, p-ERK, MMP-2
and MMP-9 proteins was analyzed by reverse transcrip-
tion-polymerase chain reaction and Western blot.

METHODS: H-R treatment increased the intracellular
ROS level in LOVO cells. The mRNA and protein ex-
pression of CLIC1 was elevated under H-R conditions.
Functional inhibition of CLIC1 markedly decreased the
H-R-enhanced ROS generation, cell migration, invasion
and phosphorylation of ERK in treated LOVO cells. Ad-
ditionally, the expression of MMP-2 and MMP-9 could
be regulated by CLIC1-mediated ROS/ERK pathway.

CONCLUSION: Our results suggest that CLIC1 protein
is involved in the metastasis of colon cancer LOVO cells
via regulating the ROS/ERK pathway in the H-R pro-
cess.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Hypoxia-reoxygenation (H-R) treatment in-
creases the intracellular reactive oxygen species (ROS)
level to activate the MAPK/ERK pathway, resulting in
the promotion of migration and invasion in colon cancer
LOVO cells. Inhibition of chloride intracellular channel
1 (CLIC1) using specific inhibitor IAA94 can markedly
decrease the H-R-enhanced ROS generation, migra-
tion, invasion and phosphorylation of ERK. The results
presented in the current study suggest that CLIC1 is in-
volved in the metastasis of colon cancer LOVO cells via
regulating the ROS/ERK pathway in the H-R process.
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INTRODUCTION

Colorectal cancer is one of the most common malignan-
cies that result in the death of people in the world"™. It
is important for patients with colorectal cancer to get
early detection and treatment. The 5-year survival rate
in patients with colorectal cancer at early stages is higher
than 90%; however, it drops to less than 10% in patients
with distant metastases". It is well known that the tumor
microenvironment can influence the progression and me-

tastasis of various cancer models, including colon cancer.
Emerging evidence has suggested that local hypoxia is a
common feature in the solid tumor microenvironment.
Tumor cells exposed to hypoxic conditions may undergo
transformation to a more aggressive phenotype to pro-
mote the metastasis of cancer'.

However, little is known about hypoxia and reoxy-
genation (H-R) microenvironment that occurs in tumors.
Recent discoveries have shown that cancer cells are under
the H-R microenvironment attributing to irregular micro-
vascular network and blood flow patterns”™. Permanent
ot transient limitations in blood petrfusion may contribute
to the migration and invasion of cancer cells under the
H-R process””. Tt is known that during the H-R process
the cells can produce abundant reactive oxygen species
(ROS), leading to the injury of membrane proteins and
nucleic acids of organisms and the damage to cells and
tissues”. However, recent reports indicated that ROS
production in cancer cells can function as a secondary
signaling molecule, which has been shown to play a role
in cell proliferation, apoptosis, differentiation"”
tion and invasion™ in cancer.

Chloride channel 1 (CLIC1, formerly NCC27), a
member of the CLIC family, was first cloned and iden-
tified by subtractive cloning in 1997"". Recent studies
have indicated that CLIC1 is significantly up-regulated
in tumor tissues, such as gastric carcinoma and lung
> In addition, CLIC1, proposed as a novel

, migra-

carcinoma'™®
potential prognostic factor, was significantly up-regulated
in gastric cancer and strongly correlated with lymph node
metastasis' . It was presumed that elevated expression
of CLIC1 can modulate cell division and anti-apoptosis
signaling, resulting in cellular transformation'*". More-
over, CLIC1 may act as a “sensot” and an “effector” of
the redox state of the cells caused by oxidative stress",
and it is known that the initiation and progression of
cancer are closely correlated with redox state disequilib-
rium in cells"”. CLIC1 also contributes to acquisition of
the radioresistant phenotype of laryngeal cancer through
regulation of ROS production'”, and ROS up-regulation
can result in increasing cell motility and invasiveness
of cancer cells. In our previous study, we found that
CLICT1 participates in colonic carcinoma metastasis under
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H-R conditions"”. However, the molecular mechanisms
of CLIC1 in colon cancer metastasis remain unclear.

In this study, our data showed that H-R treatment in-
creased the intracellular ROS level to activate the MAPK/
ERK pathway, resulting in the promotion of migration
and invasion in colon cancer LOVO cells. The mRNA
and protein expression of CLIC1 was elevated under H-R
conditions. Functional inhibition of CLIC1 using specific
inhibitor IAA94 matkedly decreased H-R-enhanced ROS
generation, cell migration, invasion and phosphorylation
of ERK in treated colon cancer LOVO cells. Addition-
ally, the expression of MMP-2 and MMP-9, two impor-
tant mediators of cancer metastasis, could be regulated
by CLIC1-mediated ROS/ERK pathway. The results pre-
sented in the current study suggest that CLIC1 protein
is involved in the metastasis of colon cancer LOVO cells
via regulating the ROS/ERK pathway in the H-R process.

MATERIALS AND METHODS

Cell line and cell culture

The human colon cancer cell line LOVO was incubated
in Dulbecco’s modified Eagle’s medium (DMEM) plus
10% (v/v) fetal calf serum (FCS) (Hyclone, United
States), at 37 C in a humidified atmosphere of 5% CO2
in air. The generation of H-R conditions was performed
as previously described™. Briefly, cells were cultured in
an air-tight hypoxic (5% COzand 95% Nz2) chamber in-
cubator (Thermo Electron, Waltham, MA, United States)
for 4 h, rapidly transferred to an incubator with a humidi-
fied atmosphere of 5% COz, and additionally cultured
for 20 h. For normoxia (N) control treatment, cells were
maintained in a humidified incubator with a 95% air/5%
CO: atmosphere for the same period of time as the H-R

gt’OU.p S.

Reagents and antibodies

IAA94 was purchased from Sigma and prepared in di-
methylsulphoxide. Specific inhibitor of NADPH [diphe-
nyleneiodonium (DPI)] was from Sigma Chemical Co. (St.
Louis, MO, United States). Fluorescent probe DCFH-
DA, inhibitors of ROS [N-acetylcysteine (NAC)| and
MAPK/ERK (PD98059) were purchased from Beyotime
Institute of Biotechnology (Nantong, Jiangsu, China).
Antibodies against CLIC1, MMP-2, MMP-9, total-ERK
and phospho-ERK were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, United States).

Measurements of ROS production

LOVO cells were trypsinized and cultured in 96 well
plates (1 X 10" cell/ well). To determine the effect of spe-
cific inhibitors on ROS production, cells were pretreated
with DPI (15 pmol/L), NAC (30 mmol/L) or IAA94
(1, 20 and 40 umol/L) for 1 h before H-R treatment.
For DCF-DA ROS measurements, culture medium was
replaced with regular culture medium without FCS con-
taining 10 umol/L of DCF-DA for 30 min. Cells wete
rinsed with DMEM without FCS, and fluorescence was
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then measured at 488 nm for excitation and 525 nm for
emission with the Fluoroscan Ascent FL fluorimeter
(Labsystems, France). All measurements were performed
at 37 C.

Wound healing assay

Cells were cultured to a confluent monolayer in 6-well
plates. A sterile 200 plL. pipette tip was used to scratch
the cell monolayer to form a wound. For the wound heal-
ing assays under H-R conditions, cells were pretreated
with DPI (15 umol/L), NAC (30 mmol/L), PD98059
(50 umol/L) or TAA94 (1, 20 and 40 pumol/L) for 1 h.
Pictures of the wound area were taken at 0 and 24 h at X
100 magnification.

Cell invasion assay

The in vitro invasive ability of LOVO cells was tested by
the Boyden chamber invasion assay. Matrigel (BD Biosci-
ences) was diluted with cold filtered distilled water, and
added to 8-um pore size poly-carbonate membrane fil-
ters. The cells were trypsinized and seeded to the upper
part of Boyden chamber at a density of 3 X 10° cells/mL
in 300 pL of serum-free medium. The bottom chamber
contained medium with 10% FCS as a chemoattractant.
Cells were preloaded with DPI (15 pumol/L), NAC (30
mmol/L), PD98059 (50 pmol/L) or IAA94 (1, 20 and 40
umol/L) for 1 h before H-R. After the incubation time
was complete (6 h hypoxia followed by 18 h reoxygen-
ation or 24 h normoxia), the cells that had invaded to the
lower surface of the membrane were fixed with parafor-
maldehyde, and stained with crystal violet. The cells were
counted in five randomly selected fields under a micro-
scope at X 400 magnification.

Real-time reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNA was extracted from cells using the Simply P
RNA Extraction kit (Bioer Biotech Co., Latd) accord-
ing to the manufacturer’s instructions. Total RNA (1 pg)
was reverse-transcribed into cDNA using the Reverse
Transcript Kit (Cwbio Biotech Co, China), and amplified
by polymerase chain reaction (PCR). For PCR, 1/25 of
the reverse transcription reaction mixture was amplified
using 35 cycles for CLIC1 and 35 cycles for GAPDH.
Amplified products were separated by electrophoresis
on a 2% agarose gel and photographed. The sequences
of the primers (Sagon biotech Co., China) used in the
real-time RT-PCR were as follows: CLIC1: 5-GTATT-
GACCAGTCTCCCTTCCAGC-3’ (forward) and
5-GGTCTTTATGAGGAGGTCGTGGG-3’ (reverse);
GAPDH: 5-TCATGAAGTGTGACGTTGACATCC-
GT-3" (forward) and 5-CCTAGAAGCATTTGCGGT-
GCACGATG-3’ (reverse).

Western blot

Briefly, proteins were separated on a 10% denaturing
polyacrylamide gel and electro-transferred to Immuno-
Blot nitrocellulose membranes. The membranes were
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blocked in TBS-T containing 5% fat-free dry milk and
then incubated with a primary antibody overnight at 4 C,
followed by incubation with a horseradish peroxidase-
conjugated secondary antibody for 1 h. Primary antibod-
ies against ERK (1:400), p-ERK (1:400), MMP-2 (1:200),
MMP-9 (1:200) and GAPDH (1:1000) wete used. Pro-
teins were detected using ECL reagents (GE Healthcare,
NJ, United States).

Statistical analysis

All data are expressed as mean £ SD. The data for each
condition were subjected to analysis of variance followed
by the Student-Newman-Keuls test for comparisons be-

tween the means. Differences were considered significant
when P < 0.05.

RESULTS

Involvement of CLIC1 in ROS production induced by
H-R treatment in LOVO cells

Cells were cultured with DPI (15 pmol/L), NAC (30
mmol/L) or TAA 94 (1, 20 and 40 pumol/L) for 1 h be-
fore H-R, and control cells were only incubated in a hu-
midified atmosphere of 95% air/5% CO2. Intracellular
ROS were measured by preloading the cells with DCF-
DA followed by H-R or normoxia treatment. As shown
in Figure 1, the level of intracellular ROS was significant-
ly increased in cells after exposure to H-R compared with
normoxia (P < 0.01). Further investigation indicated that
the ROS level was significantly abated in cells pretreated
with DPI (15 pmol/L) or NAC (30 mmol/L) compared
with H-R cells (P < 0.01) (Figure 1A). These data provide
evidence that ROS production is involved in the H-R
process in colon cancer LOVO cells, which is consistent
with the finding of a previous study®.

To determine whether inhibition of CLIC1 could
reduce ROS generation during the H-R treatments, cells
were cultured in the presence of CLIC1 blocker IAA94.
As shown in Figure 1B, the intracellular ROS level was
significantly increased under H-R conditions. However,
preloading with 20 or 40 pmol/L of IAA94 significanty
decreased the ROS levels in LOVO cells (P < 0.01).
These results suggest that CLIC1 can regulate the intra-
cellular ROS production in colon cancer cells in the H-R
process.

H-R up-regulates the expression of CLIC1 in human
colonic cancer LOVO cells

It has been previously documented that CLIC1 may act
as a “sensor” and an “effector” of the oxidative stress
of the cells"”, and H-R circumstances are closely cor-
related with metastasis of colon cancer!”. Therefore, in
our present study, the mRNA and protein expression of
CLIC1 was determined by RT-PCR and Western blot
under H-R conditions, respectively. As shown in Figure 2,
CLICT1 mRNA and protein expression was significantly
clevated in the H-R group compared with the normoxia
control group (P < 0.01). However, we found no signifi-
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Figure 1 Increased reactive oxygen species production in LOVO cells under hypoxia-reoxygenation conditions. LOVO cells were cultured in normoxia (N) for 24
h or under hypoxia for 4 h followed by reoxygenation for 20 h (hypoxia-reoxygenation, H-R). DPI (15 umol/L), NAC (30 mmol/L) (A) and IAA94 at various concentration (1,
20, and 40 umollL) (B) decreased the reactive oxygen species production under H-R conditions. Results are expressed as fold of normoxia. Values represent the mean +
SD from three independent experiments. °P < 0.01 vs N group, “P < 0.01 vs H-R group. ROS: Reactive oxygen species; DPI: Diphenyleneiodonium; NAC: N-acetylcysteine.
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Figure 2 Effect of hypoxia-reoxygenation on the mRNA and protein expression of CLIC1 and wound healing assays in LOVO cells. A, B: mRNA (A) and pro-
tein (B) expression of CLIC1 was significantly increased under hypoxia-reoxygenation (H-R) conditions as revealed by RT-PCR or Western blot analysis, respectively.
Results were normalized to GAPDH; C, D: Wound recovery (%) of LOVO cells treated with DPI (15 umol/L), NAC (30 mmol/L), PD98059 (50 umol/L) or with IAA94 at
various concentrations (1, 20 and 40 umol/L) for 24 h under H-R conditions, respectively. Values represent the mean + SD from three independent experiments. °P <
0.05,°P < 0.01 vs N group, °P < 0.05, °P < 0.01 vs H-R group. DP!: Diphenyleneiodonium; RT-PCR: Reverse transcription-polymerase chain reaction.
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Figure 3 Effect of various treatments for 24 h on LOVO cell invasiveness under hypoxia-reoxygenation conditions. A, B: Pretreatment with DPI (15 umolL),
NAC (30 mmol/L), PD98059 (50 umol/L) or with IAA94 at 20 and 40 umol/L decreased the invasiveness of LOVO cells compared with H-R group. Results are ex-
pressed as fold of normoxia (N); C: LOVO cells incubated with IAA94 for 24 h under hypoxia-reoxygenation (H-R) conditions. The invaded cells were fixed and stained
with crystal violet. Values represent the mean + SD from three independent experiments. °P < 0.01 vs N group, °P < 0.01 vs H-R group. DPI: Diphenyleneiodonium.

cant changes in CLIC1 mRNA or protein expression in
LOVO cells treated with TAA94 at different concentra-
tions (1, 20 or 40 umol/L) (Figure 2). Our results suggest
that functional inhibition of CLIC1 can play a role in
down-regulating ROS generation in colon cancer.

Involvement of CLIC1 in the migration of colon cancer
cells under H-R conditions

During cancer metastasis process, tumor cells must firstly
undergo several morphological changes so that they
could pass through narrow extracellular spaces to metas-
tasize . Recent studies showed that ROS up-regulation
could lead to morphological transformation and increase
cell motilitymj. The effect of the ROS/ERK pathway
on cell motility during the H-R treatments was then as-
sessed using wound-healing assays. As shown in Figure
2C and D, the mobility of LOVO cells was increased
after exposure to H-R conditions (P < 0.05). This effect
was significantly suppressed by NAC, DPI or PD 98059,
respectively (Figure 2C). These results implied that the
ROS/ERK pathway could regulate the migration of co-
lon cancer cells under H-R conditions. Furthermore, as
shown in Figure 2D, preloading LOVO cells with IAA 94
(20 or 40 pmol/L) could also dectease the cell motility
potential for H-R, and the effect was dose-dependent. All
these data provide evidence that CLIC1 is involved in the
migration of colon cancer cells under H-R conditions.
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Inhibiting CLIC1 inhibits invasion of colon cancer cells

The effect of CLIC1 on colon cancer cell invasiveness
was examined by Matrigel invasion assays # vitro. It was
found that H-R caused a remarkable increase in the inva-
siveness of LOVO cells (Figure 3A). However, treatment
with DPT (15 pmol/L), NAC (30 mmol/L) or PD 98059
(15 umol/L) could significantly prevent colonic cancer
cells from invading after H-R exposure. As expected, a
similar effect of inhibiting CLIC1 on LOVO cells inva-
sion was observed. After pretreatment with 20 or 40
umol/L of TAA94 for 1 h, the invasiveness of LOVO
cells was significantly decreased under H-R conditions
(Figure 3B and C). These results suggest that H-R can
promote the invasiveness of colon cancer cells, and the
effect can be inhibited by CLIC1 under H-R conditions.

CLIC1 regulates MAPK/ERK pathway, MMP-2 and MMP-9
in LOVO cells following exposure to H-R conditions

It has been reported that MAPK/ERK and ROS/ERK
pathways are involved in the metastasis of cancer!™".
However, it is still unknown whether those pathways
are correlated with metastasis of colon cancer under
H-R conditions. In our present study, the expression of
phosphorylated ERK (p-ERK), MMP-2 and MMP-9 was
monitored by Western blot analysis in the H-R process.
Our results suggested that p-ERK, MMP-2 and MMP-9
proteins were significantly elevated in H-R conditions
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Figure 4 MEK/ERK/MMPs pathway involved in the metastasis of LOVO cells under hypoxia-reoxygenation conditions. A, C: Treatment with DPI (15 umolL),
NAC (30 mmol/L) or PD98059 (50 pymol/L) decreased the protein expression of p-ERK or MMP-2 and MMP-9 in LOVO cells compared with H-R group, respectively; B, D:
Treatment with 20 and 40 pmol/L IAA94 also decreased the expression of p-ERK or the protein expression of MMP-2 and MMP-9 in LOVO cells, respectively. Results
were normalized to GAPDH. Values represent the mean + SD from three independent experiments. °P < 0.01 vs N group, °P < 0.01 vs hypoxia-reoxygenation (H-R)

group.

when compared with the normoxia control (Figure 4).
However, p-ERK, MMP-2 and MMP-9 protein levels
in H-R conditions were strongly down-regulated with
addition of DPI or NAC (Figure 4A and C). These find-
ings implied that ROS could activate the ERK/MMPs
pathway in H-R conditions. We also examined the effect
of CLIC1 on the ERK/MMPs pathway by Western blot
analysis. As shown in Figure 4, pretreatment with IAA 94
(20 or 40 umol/L) significantly decreased p-ERK pro-
tein, MMP-2 and MMP-9 protein levels under H-R con-
ditions in a dose dependent manner. ERK inhibitor PD
98059 could also decrease MMP-2 and MMP-2 protein
levels under H-R conditions. Taken together, our findings
demonstrated that the ROS/ERK pathway is involved in
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the metastasis of colonic cancer, and ERK/MMPs path-
way 1s regulated by CLIC1 viz regulating ROS production
under H-R conditions.

DISCUSSION

Under physiological circumstances, ROS can be con-
tinually eliminated by endosomatic antioxidase, which is
dependent on the stable system of cellular redox state. It
has been demonstrated that cancer cells are characterized
by the defect of redox system development, and persis-
tently elevated intracellular ROS can function as second
messengers and are involved in proliferation, differentia-
tion, migration, and invasion of cancer cells™ ™, Many

February 28, 2014 | Volume 20 | Issue 8 |



solid tumors possess irregular microvascular network and
blood flow patterns, which is the main cause that cancer
cells are usually present under H-R conditions™”. In the
present study, we confirmed that the ROS level was sig-
nificantly elevated under the H-R conditions in LOVO
cells when compared with the normoxia control. More-
over, ROS production was significantly decreased by pre-
treatment with DPI or NAC under the H-R conditions.
Further investigations by wound healing and invasion as-
says showed that the metastasis potential of colon cancer
cells was significantly increased in response to H-R treat-
ments, and this effect was abrogated by preloading with
DPI or NAC. Taken together, our results confirmed that
ROS play an important role in regulating the migration
and invasion of colon cancer cells under H-R conditions.
Our findings also suggested that colon cancer cells under
H-R microenvironment can undergo transformation to a
more aggressive phenotype to promote cancer metastasis.

Previous studies of CLIC1 ate mostly focused on its
physiological function, its association with non-tumorous
disease, and its ability to act as an ion channel”™. How-
ever, some recent studies suggest that the expression
of CLIC1 is up-regulated in tumor tissues. In addition,
CLIC1 was significantly up-regulated and correlated with
metastasis of tumor cells in gastric cancer'. Addition-
ally, a recent study has indicated that CLIC1 is highly ex-
pressed in colorectal cancer tissues' . However, it is still
unknown whether CLIC1 plays a role in the metastasis of
colon cancer under H-R conditions. In this study, it was
found that CLIC1 mRNA and protein expression was
significantly elevated under H-R conditions. Preloading
with CLIC1 blocker IAA 94 could not affect the expres-
sion of CLIC1, but the ROS level was significantly de-
creased by IAA 94 treatment, suggesting that functional
inhibition of CLIC1 channel activity could reduce the
intracellular ROS production in the H-R process. This is
supported by previous findings that CLIC1 channel activ-
ity is increased in the oxidative environment and inhibi-
tion of CLIC1 reduces the ROS production #ia blocking
NADPH oxidization"”, and testified by structural analysis
of CLIC1 showing that it can dimerize in the presence of
strong oxidizing stress”*. In addition, the migration and
invasion of colon cancer cells were obviously decreased
in the presence of IAA94 under H-R conditions. Taken
together, our results indicated that CLIC1 was involved
the metastasis of colon cancer through regulating intra-
cellular ROS levels.

We further explored the molecular signaling pathways
that may be involved in H-R conditions. It is known that
MAPK/ERK and ROS/ERK pathways can promote the
metastasis of cancer. The ROS/ERK pathway, involved
in cell migration and activation of matrix metallopro-
teinases, is activated by cell oxidation™. In the present
study, Western blot analysis showed that the MAPK/
ERK pathway was activated in H-R conditions. The ef-
fect could be suppressed by DPI, NAC or PD98059
treatment. As expected, the MAPK/ERK pathway was
significantly blocked by treatment with IAA94. Taken
together, our findings implied that CLIC1 promoted the
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mobility and invasive capacity of cancer by regulating
NADPH-derived ROS viz the MAPK/ERK pathway.
MMPs can degrade the basement membrane and play
main roles in promotion of cancer invasion and metasta-
sis™. MMP-2 and MMP-9, members of the MMPs fam-
ily, are thought as the two important mediators of cancer
metastasis in patients with colorectal carcinoma”™. In the
present study, we found that both MMP-2 and MMP-9
proteins were up-regulated in LOVO cells under H-R
conditions, and the effect was abated by suppressing the
ROS production, MAPK/EER pathway or CLIC1. Our
results demonstrated that MMP-2 and MMP-9 played an
important role in the invasion of colon cancer in the H-R
process.

In summary, our findings provide the evidence that
H-R conditions act as a relevant key factor for the pro-
motion of colonic cancer metastasis. CLIC1 is an im-
portant candidate protein that may serve as an effective
metastasis-associated regulator for colon cancer. Howev-
er, the accumulating evidence suggests that ROS derived
from NADPH oxidase can mediate tumor growth and
angiogenesis, which is essential for tumor metastasis™’.
Our findings warrant further investigation to explore
some other possible molecular mechanisms of CLIC1 in
colon cancer metastasis.

COMMENTS

Background

Colorectal cancer is one of the most common malignancies that result in the
death of people in the world. The tumor microenvironment hypoxia-reoxygen-
ation (H-R) can influence the progression and metastasis of colon cancer but
the molecular basis for such a link has not been well understood.

Research frontiers

Chloride intracellular channel 1 (CLIC1) is highly expressed in colorectal can-
cer, and our previous study has reported that CLIC1 participates in the metas-
tasis of colorectal cancer. However, the precise mechanisms of CLIC1 in the
metastasis of colonic cancer under H-R conditions is still unknown. In this study,
the authors demonstrated that CLIC1 protein was involved in the metastasis of
colon cancer LOVO cells via regulating reactive oxygen species (ROS)/ERK
pathway in the H-R process.

Innovations and breakthroughs

Although previous studies have demonstrated that CLIC1 is correlated with tu-
mor metastasis, the precise mechanisms are not well understood. In this study,
it was found that tumor H-R microenvironment increased the intracellular ROS
levels to activate the MAPK/ERK pathway, resulting in the promotion of migra-
tion and invasion in colon cancer LOVO cells. The findings, for the first time,
provide the evidence that CLIC1 is involved in the metastasis of colon cancer
LOVO cells via regulating ROS/ERK pathway under H-R conditions.

Applications

The tumor H-R microenvironment can promote the progression and metastasis
of colon cancer. By understanding how CLIC1 is involved in the metastasis of
colon cancer in the H-R process, this study may represent a future strategy for
the treatment of patients with colon cancer.

Terminology

CLIC1 can act as a “sensor” and an “effector” during changes in the redox
state of the cells caused by oxidative stress via regulating the oxidation of
GAPDH because of its similar structure to GAPDH. Non-surprisingly, CLIC1
may have some effects on the production of ROS in the H-R process.

Peer review

In this study, the authors have assessed the relationship between protein
expression of CLIC1, which has previously shown to be increased in tumor
metastasis, and intracellular ROS level, which in turn activates the MAPK/ERK
pathway. The activation of this pathway resulted in the promotion of migration
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and invasion of colon cancer LOVO cells. This is a new topic which merits
further investigation; on this subject, the study is well written and the results are
interesting.
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