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Abstract: As the major intracellular anion, chloride plays an important role in maintaining intracellular and extracel-
lular ion homeostasis, osmotic pressure, and cell volume. Intracellular chloride channel 1, which has the physiologi-
cal role of forming membrane proteins in the lipid bilayer and playing ion channels, is a hot research topic in recent
years. It has been found that CLIC1 does not only act as an ion channel but also participates in cell cycle regulation,
apoptosis, and intracellular oxidation; thus, it participates in the proliferation, invasion, and migration of various
tumor cells in various systems throughout the body. At the same time, CLIC1 is highly expressed in tumor cells and
is associated with malignancy and a poor prognosis. This paper reviews the pathological mechanisms of CLIC1 in
systemic diseases, which is important for the early diagnosis, treatment, and prognosis of systemic diseases as-

sociated with CLIC1 expression.
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Introduction

Chloride ions, the most abundant intracellular
anions, are involved in the control of salt secre-
tion and uptake, membrane potential regula-
tion, organelle acidification, and cell volume
homeostasis [1]. In recent years, more and
more studies have demonstrated the involve-
ment of chloride channels in tumor develop-
ment. A member of the chloride intracellular
channel protein (CLIC1) family, an ion channel
protein consisting of 241 amino acids, has
been focused on [2]. It plays an important role
in various physiological functions, including cell
volume regulation, organelle acidification, tran-
sepithelial transport, and ion homeostasis
[3-7]. CLIC1 regulates the cell cycle and partici-
pates in cell proliferation, apoptosis, and differ-
entiation, which may be closely related to tumor
invasion and migration [8, 9]. It has been dem-
onstrated that CLIC1 regulates the invasion,
migration, and apoptosis of various tumor cells,
including gastric, colorectal, and hepatocellular
carcinomas, by participating in various signal-
ing pathways, such as MAPK/ERK, ROS/ERK,

and MAPK/AKT [10, 11]. This article reviews
some of the physiological functions of CLIC1,
pathological conditions, and studies on the
development of tumors in various systems.

CLIC1 structure

The chloride ion intracellular channel protein
(CLIC) family, which consists of six highly
conserved members (CLIC1-6) [12], has a
highly variable distribution despite their gene
sequences having 60%-75% identity [13, 14].
These proteins are expressed in the cytoplasm,
cell membranes, organelles, and nuclei of all
bodily tissues and are involved in a variety of
physiological processes in the body [1] (Table
1). One of the first intracellular chloride channel
proteins to be identified contains 241 amino
acids and is widely expressed in human tissues
and cellular anion channels; however, it is main-
ly expressed in the nucleus [8].

Currently, the three main inhibitors of chloride
intracellular channel proteins are dihydro-4,
4’ diisothiocyanostilbene-2,2’-disulphonic acid
(DIDS), 5-nitro-2-(phenylpropylamino)-benzoate
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Table 1. Expression and function of CLICs

Protein Subcellular localization Expression Function Refs
CLIC1 Cytoplasm, plasm membrane, Universally expression lon channel, cell cycle, Osteoblast dif- [2, 8, 20, 22-27]
intracellular membrane, nucleoplasm ferentiation
CLIC2 Adult muscles, fetal liver Modulates activity of RyR [23, 28-32]
CLIC3 Nucleus and plasm membranes Placenta, lung, heart, kidney, Cellular growth control [23, 33-35]
pancreas, and skeletal muscles
CLIC4 Cytoplasm, nucleus, intracellular Brain, liver, testis, kidney, lungs, lon channel, angiogenesis, acidifica- [14, 20, 23, 36-49]
organelles, plasm membrane, and and skeletal muscles tion, apoptosis, and cancer, endothe-
intracellular membranes lial proliferation and morphogenesis,
cytoskeletal components
CLIC5A  Cytoplasm Heart, kidney, lung, placenta, lon channel, associated with cyto- [20, 50-53]
and skeletal muscles skeletal elements and promote actin
polymerization
CLIC5B  Cytoplasm, plasm membrane, intra-  Heart, kidney, lung, placenta, lon channel, ion absorption and [54, 55]
cellular membranes, and secretory and skeletal muscles secretion, formation of stereocilia, and
vesicles development of the organ of corti
CLIC6 Cytoplasm and plasma membrane Choroid plexus, gastric mucosa, Water transport and interacts with [23, 56-58]

brain, and kidney

dopamine receptors

CLIC1, Intracellular Chloride Channel 1; CLIC2, Intracellular Chloride Channel 2; CLIC3, Intracellular Chloride Channel 3; CLIC4, Intracellular Chloride Channel 4; CLIC5,

Intracellular Chloride Channel 5; CLIC6, Intracellular Chloride Channel 6.

C-domain

Figure 1. Putative structural model of the CLIC1 protein in the soluble, re-
duced monomeric form. CLIC1 has an active-site cysteine residue (Cys24).
The N-terminus and C-terminus of CLIC1 are both cytoplasmic. The N-termi-
nus domain is on the right (helices hl, h2, and h3), while the all-helical C-
terminus domain is on the left (helices h4-h9). CLIC4, chloride intracellular

channel 1; PTM, putative transmembrane region.

(NPPB) and 2',4’,6'-trihydroxy-3-(4-hydroxyph-
enyl)-propiophenone (phloretin). The major
chloride channel inhibitor DIDS has been previ-
ously documented to prevent apoptosis of car-
diomyocytes induced by staurosporine [15, 16].
NPPB, DIDS, and phloretin all prevented isch-
emia-reperfusion-induced apoptosis in mouse
cardiomyocytes [17]. And H,O_-induced cardio-
myocyte apoptosis in mitochondrial and lyso-
somal vesicles in rat hearts [18], suggesting
that DIDS, NPPB, and phloretin, inhibitors of
chloride intracellular channel proteins, have
cardioprotective effects. However, there are no
reports in the literature on whether inhibitors of
CLIC1 affect the normal physiological functions
of healthy tissues or cells.
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One feature that distinguishes
NPdcrnain members of the CLIC family
from other ion channel pro-
teins is that they have both
soluble and membrane-bound
forms and can exist as soluble
monomeric proteins, soluble
dimeric proteins, or mem-
brane-bound forms [19]. It
exists mainly in the form of
soluble proteins, with a small
proportion forming transmem-
brane structures [2]. Except
for CLIC 5B and CLIC 6, which
have an extended N-terminal
region, the other CLICs consist
of an N-terminal thioredoxin-
like structural domain and an
a-helical C-terminal structural
domain (Figure 1) [20]. The
soluble protein form of CLIC1 is a monomeric
protein with high structural homology to the
glutathione S-transferase (GST) superfamily,
with a glutoxigenin-like redox-active site [21].
This soluble form of CLIC1 consists of two
structural domains; namely, the N-terminal
structural domain, which is highly conserved
and contains a glutaredoxin-like enzymatic
active site that closely resembles the glutare-
doxin thioredoxin fold, and the C-terminal struc-
tural domain, which is an all-alpha helical struc-
ture [19, 21]. Harrop et al. [1] determined the
high-resolution x-ray crystal structure of the
CLIC1 soluble protein; however, there is no
clear literature on the specific transmembrane
structure of CLIC1.

Am J Cancer Res 2023;13(8):3300-3314



CLIC1 and tumor

CLIC1’s function
Physiology

CLIC1 is involved in important physiological
processes in the organism. In addition to its
well-known functions such as the maintenance
of cell membrane stability, intercellular trans-
membrane material transport, organelle acidifi-
cation, intracellular pH stability, and cell vol-
ume regulation, CLIC1 has also been discov-
ered to have some less-known special func-
tions in recent years. Previous studies have
demonstrated that CLIC1 promotes platelet
and endothelial cell adhesion, which has
important implications for angiogenesis [59].
Meanwhile, CLIC1 plays an important role in
the regulation of osteoblast differentiation [60].
CLIC1 has also been found to play a role in
sperm function and to be involved in the fertil-
ization process [61]. Decreased CLIC1 levels
lead to the impaired acidification of phagocytes
such as macrophages and dendritic cells,
thereby inhibiting T-cell activity by regulating
antigen presentation by dendritic cells [62],
suggesting that CLIC1 has a role in regulating
immune cell function [63]. Furthermore, CLIC1
has been shown to be a receptor for cellular oxi-
dation and to be involved in the inflammatory
response [64]. It has also been shown that
CLIC1 is an important downstream molecule of
the insulin transduction pathway in hematopoi-
etic cells [65]. Kagiali et al. first proposed that
CLIC1 plays an important role in mammalian
cytoplasmic division, enabling daughter cells to
successfully undergo cytoplasmic division with-
out inducing significant multinucleated cell
aggregation by shedding [66]. This physiologi-
cal function of CLIC1 to promote cortical stabi-
lization and the successful completion of cyto-
plasmic division is important for further studies
on the role CLIC1 plays at the cellular level.
Although CLIC1 has been involved in a variety
of important physiological processes in the
human body, a broader physiological role needs
to be explored for discovery.

Pathology

Previous studies on CLIC1 have focused on its
physiological functions regarding non-neoplas-
tic diseases [67], such as neurodegenerative
diseases [22], rheumatic diseases (including
rheumatoid arthritis and psoriatic arthritis)
[68], Alzheimer’s disease [69], etc. It is well-
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known that the pathogenesis of cancer is close-
ly related to the imbalance of the cellular redox
status [70]. CLIC1 can act as a “sensor” and an
“effector” of the oxidative stress-induced redox
state in cells [64].

CLIC1 also promotes the proliferation, migra-
tion, and invasion of certain cancer cells [71,
72]. Moreover, during cell proliferation, CLIC1
can be automatically transferred from the cyto-
plasm to the plasma membrane in the absence
of transport vesicles [23]. This could be the rea-
son why CLIC1 promotes tumor cell migration
and invasion. CLIC1 can also promote tumor
metastasis by recruiting PIP5K1A and PIP5K1C
from the cytoplasm to the leading edge of the
plasma membrane [12]. In addition, elevated
CLIC1 expression was strongly associated with
lymph node metastasis, perineural and lym-
phatic infiltration, pathological staging, and low
survival rates [73].

CLIC1 upregulation in certain malignancies is
also associated with poor prognoses, suggest-
ing that it is a potential prognostic marker and
a potential target for antitumor therapy [74,
75].

CLIC1 and tumors
Nervous system

Glioma is the most common primary brain
tumor [76]. The disease is characterized by
extensive local tumor migration and invasion,
which results in rapid disease progression and
a poor prognosis. In recent years, despite the
ongoing efforts to target gliomas for treatment,
the results remain unsatisfactory. Previous
studies have demonstrated that CLIC1 is highly
activated in cancer cells in a highly proliferative
state and plays an important role in tumor inva-
sion and migration [12]. CLICX mRNA and pro-
tein expression are upregulated in human glio-
ma tissues compared to glioma-free tissues,
and increased CLIC1 expression correlates
with the histopathological grading of gliomas
[77]. Its expression was found to be higher in
high-grade glioma tissues than in low-grade
glioma tissues and to increase with the WHO
(World Health Organization) grade of the tumor,
suggesting that this protein may serve as an
indicator of the aggressiveness of gliomas. It
was also demonstrated that CLIC1 is an inde-
pendent predictor of short overall survival in
patients with glioma.
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Figure 2. CLIC1 is involved in the pathogenesis of lung, esophageal squa-
mous, gastric, liver, colon, prostate, and other cancers. LTCC, L-type Ca?*

channel blockergai.

Therefore, CLIC1 may be associated with glio-
ma development, migration invasion and prog-
nosis. The findings of previous experiments
suggested that high CLIC1 expression is a valu-
able prognostic marker for this disease, and
these findings will lead to new directions in the
treatment and prognosis of glioma.

Respiratory system

Lung adenocarcinoma, the most common sub-
type of lung cancer, has the highest mortality
rate of all cancers [78]. Lung adenocarcinoma
is usually asymptomatic in its early stages, and
many patients have advanced forms of the dis-
ease by the time it is detected, which makes its
prognosis poor. Previous studies have demon-
strated that CLIC1 is more highly expressed in
lung adenocarcinoma compared to paraneo-
plastic tissue and that CLIC1 expression is neg-
atively correlated with patients’ overall survival
[79]. They also found that the knockdown of
CLIC1 inhibited the p38 MAPK signaling path-
way in the A549 and PC9 lung adenocarcinoma
cell lines, thereby suppressing cell proliferation
and migration (Figure 2). Therefore, they con-
cluded that CLIC1 expression is an indepen-
dent determinant of the prognosis of lung ade-
nocarcinoma. CLIC1 is a promising target for
cancer therapy because of its important role in
the cell cycle and its overexpression in a variety
of tumors. Ca?" and reactive oxygen species
(ROS) are important signaling molecules that
regulate various cellular functions such as cell
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death; e.g., a surge in Ca?" and
ROS levels is required for the
initiation of apoptosis at the
mitochondria-endoplasmic
reticulum interface [80]. Lee et
al. [81] investigated the func-
tion of CLIC1 in Ca?*" metabo-
lism and the link between
CLIC1 and ROS signaling in the
A549 human lung cancer cell
line. Their results demonstrat-
ed that CLIC1 expression was
reduced by L-type Ca?* channel
blockers (LTCCs) to induce an
increase in intracellular Ca?*
levels and that ROS levels
increased when Ca?* signaling
was significantly enhanced
and its expression was incre-
ased [82]. This activates the
JNK signaling pathway, which plays an impor-
tant role in various physiological and pathologi-
cal processes such as the cell cycle, reproduc-
tion, apoptosis, and cellular stress [83]. In con-
clusion, their study found that CLIC1 is involved
in the proliferation of lung adenocarcinoma,
migration, and has an important role in the
prognosis of lung adenocarcinoma. Although
the role of CLIC1 in human lung cancer cells
A549 and its molecular mechanism has been
demonstrated, it has not been confirmed in ani-
mal models, and further studies are needed to
confirm as well as to explore the deeper mecha-
nisms bringing new therapeutic targets for the
treatment of lung cancer. Thus, CLIC1 is a key
regulator of calcium ion signaling and controls
the survival of lung cancer cells. In conclusion,
their study identified the role of CLIC1 in A549
human lung cancer cells and its molecular
mechanism; however, this finding has not been
confirmed in animal models, and further stud-
ies are needed for confirmation and more in-
depth exploration of mechanisms involved to
identify new therapeutic targets for the treat-
ment of lung cancer.

Digestive system

Esophageal squamous cell carcinoma: Esoph-
ageal cancer is the eighth most common can-
cer in the world and the sixth leading cause of
cancer-related death [84]. It is a gastrointesti-
nal tumor characterized by high incidence, poor
prognosis, and high mortality. Huiwu Geng et al.
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[85] explored the clinical significance of chlo-
ride intracellular channel 1 (CLIC1) expression
in esophageal squamous cell carcinoma (ESCC)
and its molecular mechanism. They reduced
CLIC1 expression by silencing CLIC1 in an
esophageal epithelial cell line and found that
CLIC1 silencing inhibited the proliferation of
ESCC cells. In addition, they found that CLIC1
expression was positively correlated with the
TNM stage in advanced tumors and that CLIC1
expression was higher in these tumors. To fur-
ther search for specific signaling pathways
through which CLIC1 affects ESCC cell prolifer-
ation, they used ESCC proteomics technology
to find a strong correlation between CLIC1
expression and PI3K-Akt signaling regulation in
ESCC. Their subsequent experiments also con-
firmed that CLIC1, although not directly affect-
ing PI3BK/Akt, promotes the activation of the
phosphorylation of mMTOR downstream of PI3K/
Akt in ESCC cells, thereby functionally promot-
ing ESCC progression. Therefore, CLIC1 is a
candidate molecular biomarker for ESCC.

Gastric cancer: Gastric cancer, a malignant
tumor of the gastrointestinal tract that origi-
nates from epithelial cells, is the fifth most
common cancer worldwide and the third lead-
ing cause of cancer-related death [86]. How-
ever, the conventional biomarkers of gastric
cancer, carcinoembryonic antigen (CEA) and
glycoconjugate antigen (CA) 199, are not sensi-
tive enough to diagnose the condition. It has
previously been demonstrated that the CLIC1
protein is highly expressed in gastric cancer tis-
sues and that the upregulation of CLIC1 expres-
sion is strongly associated with lymph node
metastasis, pathological staging, lymphatic
infiltration, and low survival rates [87]. It has
also been shown that CLIC1 overexpression
promotes gastric cancer cell migration and
invasion [88]. These findings suggest that
CLIC1 is a potential diagnostic gastric cancer
marker. The results of a study by Li et al. [10]
showed that CLIC1 silencing promoted apopto-
sis and inhibited migration and invasion in
gastric cancer cells in vitro. They further found,
in animal experiments, that CLIC1 inhibition
affected the AKT and MAPK pathways in in situ
xenograft tumors in nude mice, thereby inhibit-
ing the in-situ xenograft tumor volume, weight,
metabolism, and lymphatic infiltration capacity
while promoting apoptosis. This also confirms
that CLIC1 may play an important role in track-
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ing the progression of gastric cancer by regulat-
ing integrin family proteins and subsequently
affecting the PI3K/AKT, MAPK/ERK, and
MAPK/p38 pathways. That is, CLIC1 may pro-
mote the development of gastric carcinogene-
sis through the molecular mechanism of AKT
and MAPK signaling pathways. This discovery is
a major step forward in the exploration of thera-
peutic targets for gastric cancer. As far as the
downregulation of CLIC1 expression can effec-
tively inhibit the growth of tumor cells, new
treatments for gastric cancer can be explored
by targeting CLIC1 in the future; however, more
research needs to be conducted to investigate
whether CLIC1 may also preserve tumor growth
in mouse models of gastric cancer and to
explore the mechanisms involved more deeply.

Hepatocellular carcinoma: Hepatocellular car-
cinoma (HCC), which originates from hepato-
cytes, is the most common primary liver cancer
(90%), the sixth most common cancer world-
wide, and the third most common cause of
cancer-related death [89]. Therefore, to im-
prove the survival rate of patients with hepato-
cellular carcinoma, it is particularly important
to detect tumors at an early stage through
screening programs. Although serum tumor
markers are reliable tools for the surveillance
and early diagnosis of hepatocellular carcino-
ma, the most common serologic test, methe-
moglobin, has low sensitivity and specificity,
which predisposes it to missed diagnoses [90,
91]. Therefore, in recent years, researchers
have been actively searching for new liver
cancer markers, and they have discovered
through proteomics that certain proteins are
highly expressed in cancer and are associated
with disease migration and invasion, such as
CLIC1 [12]. In their experiments, Wei et al. [92]
found that CLIC1 expression was significantly
increased in HCC compared with paraneoplas-
tic tissues, and CLIC1 expression was positively
correlated with vascular infiltration in hepato-
cellular carcinoma. In contrast, after CLIC1
knockdown, hepatocellular carcinoma cell via-
bility and invasiveness were inhibited to some
extent, and apoptosis was induced. In contrast,
CLIC1 overexpression promoted the viability
and invasiveness of hepatocellular carcinoma
cells and also inhibited apoptosis. They previ-
ously performed proteomic assays on CLIC1
and demonstrated that increased CLIC1
expression correlated with the aggressiveness
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of hepatocellular carcinoma. In this regard,
they selected some HCC tissues and paraneo-
plastic tissues for immunohistochemical analy-
ses of CLIC1 protein expression and its associ-
ation with HCC aggressiveness. These analy-
ses confirmed the correlation between high
CLIC1 expression and hepatocellular carcino-
ma aggressiveness, suggesting that CLIC1 pro-
motes HCC invasion. Meanwhile, they found
that Maspin (an oncogene) was closely related
to CLIC1 via the gene expression profiling tech-
nique, and after detecting Maspin and its relat-
ed proteins, they found that CLIC1 expression
was negatively correlated with the Maspin pro-
tein level. In conclusion, their study identified
an unknown possible mechanism by which
CLIC1 controls HCC invasion, and CLIC1 could
serve as a potential therapeutic target. Their
latest study found that CLIC1 regulates cell-
matrix adhesion and membrane protrusion by
recruiting PIP5Ks to the plasma membrane
[12]. After comparing proteomics, they found
that CLIC1 was upregulated in human hepato-
cellular carcinoma (HCC) and was associated
with tumor invasion, metastasis, and a poor
prognosis. Then, they further validated this in a
mouse model of HCC cancer and found that
silencing CLIC1 inhibited the suppression of
lung metastasis in mice. This study reveals that
CLIC1 plays an important role in the metastasis
of hepatocellular carcinoma cells. The upregu-
lation of CLIC1 in hepatocellular carcinoma
cells and its unigue membrane-targeting prop-
erties could make it an excellent target for the
treatment of tumor metastasis.

Colon cancer: Colorectal cancer is one of
the most common malighancies causing death
in humans [93]. The 5-year survival rate for
patients with early-stage colorectal cancer is
higher than 90%; however, in patients with dis-
tant metastases, the 5-year survival rate is less
than 10% [94]. Therefore, for patients with
colorectal cancer, early diagnosis and treat-
ment are critical. Previous studies have demon-
strated that CLIC1 is highly expressed in colon
cancer, and Wang et al. further found that
CLIC1 promotes metastasis in rectal cancer
[95], however, the exact mechanism of transfer
remains unclear. Studies have shown that
tumor cells under hypoxic conditions are more
aggressive, which promotes cancer cell metas-
tasis [96]. Due to the irregular microvascular
network and blood flow pattern of tumor cells,
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cancer cells are in a hypoxia-reoxygenation
(H-R) microenvironment [97]. The irregularity of
blood perfusion during H-R promotes the migra-
tion and invasion of cancer cells [98, 99]. ROS
in cancer cells can play a role in their prolifera-
tion, apoptosis, differentiation, migration, and
invasion [70, 96]. On the basis of this theory,
Wang et al. [100] investigated the relationship
between CLIC1 and ROS under H-R conditions.
It was found that ROS production was associ-
ated with the H-R process in CLIC1 colon can-
cer cells and that the functional inhibition of
CLIC1 downregulated ROS production in colon
cancer cells. Also, they found that CLIC1 was
involved in the migration of colon cancer cells
under H-R conditions, and the inhibition of
CLIC1 hindered colon cancer cell invasion.
Their further study found that H-R treatment
increased intracellular ROS levels and activat-
ed the MAPK/ERK pathway, thereby promoting
the migration and invasion of colon cancer
cells. In conclusion, their study demonstrated
that the CLIC1 protein is involved in the metas-
tasis of colon cancer cells by regulating the
ROS/ERK pathway in the H-R process. This
study illustrates that CLIC1 is an important can-
didate protein that may act as a potent regula-
tor of colon cancer metastasis and a possible
molecular mechanism to promote colon cancer
metastasis.

Gallbladder cancer: Gallbladder cancer (GBC)
is the most common biliary tract malignancy
and a common type of gastrointestinal cancer,
with over 10,000 new cases being diagnosed
each year [101]. Its early clinical manifesta-
tions are not obvious, and in most patients,
GBC is diagnosed at a late stage with extensive
metastases and other-organ invasion [102].
Currently, cholecystectomy is the only effective
treatment strategy for 10% of patients with
early GBC [103, 104]. Therefore, finding novel
and effective biomarkers associated with GBC
progression for early diagnosis and treatment
may improve the prognosis of patients with
GBC by facilitating the selection of the most
appropriate treatment options. Considering the
characteristics of the CLIC1 gene in cell regula-
tion and tumorigenesis, the CLIC1 gene may
have some influence on the biological behavior
of GBC cells. He et al. [72] found that CLIC1
mMRNA and protein expression were significantly
upregulated in GBC tissues by comparing GBC
tissues with normal gallbladder tissues. Then,
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they silenced the CLIC1 gene and found that
CLIC1 gene silencing inhibited the proliferation,
migration, and invasion of GBC cells and pro-
moted apoptosis. In contrast, in a subsequent
study by Zhou et al. [105], hsa-miR-372 expres-
sion was found to be reduced in GBC tissues,
and the degree of reduction was associated
with poor prognosis in GBC patients Also, hsa-
miR-372 was found to play a key role in tumori-
genesis and tumor progression [106]. Their fur-
ther experiments identified CLIC1 as a direct
target of hsa-miR-372. This also implies that
hsa-miR-372 may regulate the progression and
development of GBC by directly targeting CLIC1.
Therefore, CLIC1 may be an effective and prom-
ising treatment for GBC patients in the future.

Pancreatic cancer: Pancreatic cancer has the
eighth highest mortality rate of all cancers and
a low 5-year survival rate [107]. Because pan-
creatic cancer is prone to local invasion, early
metastasis, and resistance to chemotherapy,
patient survival rates remain low despite recent
advances in surgical techniques and medical
management [108, 109]. Therefore, finding
effective early markers is of great clinical value
for the diagnosis and prognosis of this disease,
as well as for new therapeutic targets. Lu et al.
[9] also confirmed by immunohistochemistry
that CLIC1 was highly expressed in pancreatic
cancer tissues relative to normal tissues.
Meanwhile, CLIC1 can promote pancreatic can-
cer cell growth and proliferation. They also
found that CLIC1 overexpression was signifi-
cantly and positively correlated with the histo-
pathological subtype, TNM stage, and tumor
size, suggesting that CLIC1 may play an impor-
tant role in pancreatic cancer invasion. In con-
clusion, their study suggests that CLIC1 may be
involved in the progression and invasion of pan-
creatic cancer.

Reproductive system

Breast cancer: In recent years, the incidence
of breast cancer in women has been growing
rapidly, and breast cancer has overtaken lung
cancer as the most common cancer [110].
Currently, both surgery and radiotherapy have
affected the quality of life of patients with
breast cancer to varying degrees in clinical
practice. Aggressive triple-negative breast can-
cer is also prone to distant metastasis in the
short term, and there is still a lack of effective
chemotherapy or targeted therapy in clinical
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practice. Therefore, it is necessary to find new
biomarkers and therapeutic targets. In Xia's
study [111], CLIC1 was shown to be highly
expressed in breast cancer tissues by both
gRT-PCR and WB. The results of IHC analyses
confirmed that CLIC1 expression was higher at
higher pathological grades and higher TNM
stages. They also found that positive CLIC1
expression was associated with ki67 overex-
pression, lymph node metastasis, and vascular
and nerve invasion, suggesting that CLIC1 may
be involved in the metastasis and invasion of
breast cancer and that breast cancer patients
with high CLIC1 expression have a poorer prog-
nosis. The above results suggest that CLIC1 is
expected to be an independent prognostic and
metastatic indicator of breast cancer as well as
a new potential biomarker. Therefore, CLIC1
may play a role in the diagnosis and treatment
of breast cancer, and its molecular mecha-
nisms affecting the development of breast can-
cer deserve to be studied and explored.

Epithelial ovarian cancer: Ovarian cancer is a
serious gynecological malignancy, of which epi-
thelial ovarian cancer is the most dominant
pathological type [112]. Its incidence is increas-
ing each year [113]. Late detection, easy
metastasis, and a poor prognosis are its char-
acteristics [114]. Although CA125 can monitor
epithelial ovarian cancer in its early stages, it
has its limitations. Therefore, it is particularly
important to screen for specific and sensitive
markers for the early detection of ovarian can-
cer. Yu et al. demonstrated that CLIC1 mRNA
and protein levels were significantly upregulat-
ed in ovarian cancer tissues compared to nor-
mal ovaries [6]. Moreover, CLIC1 expression
was significantly higher in high-grade tumors
than in low-grade tumors. In addition, they
found that CLIC1 overexpression was associat-
ed with cisplatin resistance. These findings
suggest that CLIC1, which is overexpressed in
patients with epithelial ovarian cancer, is asso-
ciated with a poor prognosis. This means it has
the potential to be a marker for the early detec-
tion of epithelial ovarian cancer. Blocking CLIC1
overexpression may improve the prognosis of
epithelial ovarian cancer by improving cisplatin
resistance.

Human choriocarcinoma: Staphylomas are
usually benign, and only a few of them can
progress to malignant disease, including inva-
sive staphylomas, choriocarcinoma, and pla-
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cental trophoblastic tumors that require che-
motherapy [115]. Serum human chorionic
gonadotropin (hCG) concentrations are used to
determine the malignant transformation status
of staphylomas. However, it takes time for ele-
vated hCG titers to be detected in the serum,
leaving little time for clinical intervention and
treatment; therefore, this affects the prognosis
of the disease. Currently, there are no available
prognostic markers to determine which intact
gravida will convert to highly invasive disease
or choriocarcinoma at the time of uterine evac-
uation [115]. Then, they applied proteomic
techniques to identify differentially expressed
proteins in human malignantly transformed
staphylomas and found that CLIC1 was ex-
pressed at higher levels in choriocarcinoma tis-
sue than intact staphyloma tissue. Meanwhile,
CLIC1 expression was increased in malignant-
transformed staphyloma tissue compared to
non-transformed staphyloma tissue [115]. This
finding will contribute to the early diagnosis
and early intervention of malignant-trans-
formed staphyloma.

Urinary system

Kidney cancer: Renal cell carcinoma is one of
the most common malignancies in humans,
and renal clear cell carcinoma (ccRCC), its most
common histological type, accounts for more
than 80% of renal cancers [116]. ccRCC is high-
ly malignant, insensitive to radiotherapy and
chemotherapy, and is associated with high
patient mortality rates [117, 118], there is no
effective treatment for this condition [119,
120]. Therefore, we need new prognostic bio-
logical markers for the reliable, early detection
of ccRCC and its early treatment to improve the
prognosis of patients with the condition. The
role of ion channels in tumors has attracted a
lot of attention in the last two decades. In
recent years, researchers have found that chlo-
ride channels seem to play a vital role in cancer
and have a more prominent position [121]. It
has been reported in the literature that the
abnormal triggering of ion channel activity con-
tributes to the high proliferation rate of tumor
cells [122]. CLIC1, which is expressed in a vari-
ety of cancers, is a potential biomarker for a
number of malignancies [123, 124]. It can
sometimes be detected in the plasma of
patients; therefore, it is highly useful in clinical
practice [125]. Nesiu et al. [126] first conclud-
ed that CLIC1 was highly expressed in the renal
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vesicles of several patients with renal clear
cell carcinoma after an immunohistochemical
examination of this patient. CLIC1 was also
found to be highly expressed in the surrounding
connective tissue and blood vessels invaded by
ccRCC cells. This experimental study is of great
clinical importance because CLIC1 is able to
detect not only aggressive cell populations but
also isolated cells spreading around the tumor
and cells associated with aggressive tumors.
The finding that CLIC1 was detectable in the
surrounding tissues of ccRCC was also con-
firmed in other experiments [127]. This sug-
gests that CLIC1 could be involved in tumor
invasion and metastasis. Although the specific
role played by CLIC1 in renal clear cell carcino-
ma has not been elucidated, it does represent
a promising therapeutic target for ccRCC and
other malignancies.

Prostate cancer: Prostate cancer is the most
common cancer in men and the second leading
cause of cancer-related deaths in men world-
wide [128, 129]. The key to prostate cancer
treatment is early diagnosis and treatment.
While localized prostate cancer can be cured,
aggressive and metastatic prostate cancer has
no effective treatment [130, 131]. Although
certain markers for prostate cancer screening,
diagnosis, and prognosis, such as prostate-
specific antigen (PSA), have emerged in recent
years, they are not specific. Therefore, there is
a need to develop new diagnostic methods to
enhance the early detection of prostate cancer,
and the identification of new molecules with
diagnostic and therapeutic implications for
prostate cancer remains a major research
focus. Recent studies have shown that CLIC1 is
upregulated in prostate cancer [128] and might
be a potential biomarker for prostate cancer
diagnosis. On this basis, Tian et al. [132] inves-
tigated whether CLIC1 is involved in the biologi-
cal functions associated with prostate cancer.
They used interference techniques in prostate
cancer PC-3 and DU145 cell lines to down-
regulate CLIC1 expression. The relationship
between CLIC1 and cell proliferation was mea-
sured by the MTT method, and the results
showed that CLIC1 inhibited the growth of cells
in a time-dependent manner. The transwell
assay demonstrated that the downregulation of
CLIC1 significantly reduced cancer cell migra-
tion. The authors further investigated whether
CLIC1 induces apoptosis in human PC-3 and
DU145 prostate cancer cells. Flow cytometry
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assay data demonstrated that the downregula-
tion of CLIC1 had no effect on PC-3 and DU145
cell apoptosis. These results suggest that the
downregulation of CLIC1 can inhibit the prolif-
eration and migration of PC-3 and DU145 cells
but has no significant effect on apoptosis. The
authors further explored the molecular signal-
ing pathways that could be involved in the pro-
liferation and migration of prostate cancer cell
lines. They found that the MAPK/ERK pathway
was inhibited in PC-3 cells in the CLIC1 siRNA
group, suggesting that CLIC1 promotes pros-
tate cancer proliferation and migration by regu-
lating the MAPK/ERK pathway. This pathway
provides a candidate molecular target for the
prevention and treatment of prostate cancer.

Conclusions

CLIC1, as the major intracellular anion channel,
plays an important role in various human physi-
ological functions, including cell volume regula-
tion, organelle acidification, trans-epithelial
transport, and ion homeostasis. Meanwhile,
the functions of CLIC1 in cell cycle regulation,
as well as its participation in cell proliferation,
apoptosis, and differentiation may be closely
related to the pathogenesis of tumors. This
review provides a basic and systematic sum-
mary of the simple physiological roles of CLIC1
and the pathological roles of CLIC1 in relation
to tumors in various bodily systems, with the
aim of providing an up-to-date background of
the current literature. However, the detailed
physiological and pathological mechanisms
involving CLIC1 in humans have not been eluci-
dated and need to be further investigated. The
exact physiological and pathological signifi-
cance of CLIC1 should be further investigated,
and its relevance as a molecular marker for the
diagnosis and treatment of cancer-related dis-
eases should be assessed.
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