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Abstract Early diagnosis of intraperitoneal metastasis is a
pivot for survival of patients with serous epithelial ovarian
cancers (SEOC). However, to date, there is lack of efficient
molecular biomarker for early metastasis of SEOC. Here, we
found that the expression of chloride intracellular channel 1
(CLIC1) is highly correlative with intraperitoneal metastasis.
There is very low expression of CLIC1 in normal ovaries
(NO), benign ovarian tumor (BOT), and primary ovarian can-
cer without metastasis (POCNM); but its expression is re-
markably high in primary ovarian cancer with metastasis
(POCM) omentum and peritoneal metastasis. Furthermore,
for clinic prediction of intraperitoneal metastasis of SEOC,
the sensitivity and specificity of CLIC1 overexpression were
97.4 and 88.1 %, respectively. Collectively, CLIC1 may be a
potential sensitive and specific molecular biomarker for early
diagnose for SEOC metastasis.
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Introduction

Ovarian carcinoma accounts for high lethality in women ma-
lignancies worldwide [1]. Serous epithelial ovarian cancers
(SEOC) account for almost 80 % of all epithelial ovarian
cancers [2]. Due to lack of effective tools for early detection,
most patients with SEOC present with intraperitoneal metas-
tasis at diagnosis. The prognosis of SEOC is usually poor with
5-year survival rate around 50 % [3]. Although sophisticated
surgery and new chemotherapy regimens appear in the recent
years, the 5-year survival rate for patients with SEOC did not
improved significantly during the last two decades [4]. Failure
of SEOC treatment is largely due to widely intraperitoneal
metastasis, an important prognostic index for SEOC patients
in clinical setting [3]. Therefore, it is necessary to identify
certain effective biomarker that can help in predicting intra-
peritoneal metastasis of patients with SEOC.

Recently, chloride intracellular channel 1 (CLIC1) was pro-
posed as a novel potential prognostic factor in gastric and
gallbladder cancer, which was significantly upregulated in
67.9 and 62.7 % of cancer patients [5, 6]. Other studies have
shown that CLIC1 is highly expressed in tumors, such as
colon, liver, lung, and nasopharyngeal [7–9], suggesting that
this protein may have important function in the malignant
transformation of cancer cells.

To date, there have been no published reports evaluating
the relationship between CLIC1 and intraperitoneal metastasis
in SEOC. Here, we demonstrated that CLIC1 protein level is
highly correlated with malignancy in SEOC and that it could
be a novel biomarker for prediction of intraperitoneal metas-
tasis in SEOC.
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Materials and methods

Patients and treatment

Total 120 cases of SEOC patients were selected for our study
following the approval of Institutional Review Board, The
Fourth Hospital of Harbin Medical University. The criteria
for selection include : (1) confirmed diagnosis of SEOC by
pathological examination; (2) complete clinical records; (3) no
serious complications or other malignant diseases; (4) absence
of prior treatment for cancer; (5) already had cytoreductive
surgery. All selected patients were informed about the illness
and consent with the treatment.

Quantitative PCR

Total RNA was extracted from human tissues using the
RNeasy Plus Mini Kit (74134, Qiagen) and then converted
into cDNAs using the High Capacity cDNA Reverse Tran-
scription Kit (4368814, Applied Biosystems) following the
manufacturer’s instruction. Quantitative PCR (qRT-PCR)
was performed with a CFX96 (Bio-Rad) using the RT2 SYBR
Green (330500, SA Biosciences). The primer sequences for
CLIC1 were: 5′-AGAGGCTGAATG AG CTGGAG-3′
(forward) and 5′- TGGCAATTTTGGTCCATTTT-3′ (re-
verse). All values were normalized with glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) abundance. Data were
presented as the average of triplicates±SD.

Western blotting analysis

Frozen samples of BOT (18 cases) and SEOC (40 cases) were
homogenized in lyses buffer consisting of 1% Triton X-100 in
phosphate-buffered saline (PBS) supplemented with protease
inhibitor cocktail (Roche) and then incubated on ice for
30 min. After that, the mixture was centrifuged at 13,200g
for 15 min at 4 °C and collected the supernatant. Sixty micro-
gram of protein extracts was loaded onto 15% SDS polyacryl-
amide gel electrophoresis and transferred onto a PVDF mem-
brane (Millipore Company, USA). The blots were blocked
with blocking buffer (pH 7.6) containing 5 % nonfat dry milk
for 1 h and then incubated with rabbit polyclonal anti-human
CLIC1 ant ibody (1:500) (sc -81873, Santa Cruz
Biotechnology, Inc) overnight at 4 °C. Immunoreactive pro-
teins were stained using a chemiluminescence’s detection sys-
tem. Membranes were stripped with stripping buffer for 1 h
and re-probed with human β-actin antibody (Abcam, Cam-
bridge, MA) as an internal control [2, 3].

Immunofluorescence

For immunofluorescent staining, antibodies against the fol-
lowing antigens used CLIC1 antibody (1:100). Secondary

antibodies were purchased fromMolecular Probes and Vector
Laboratories. Confocal microscopy images were taken with a
Zeiss LSM 700microscope and evaluated using the ZEN2010
software. For mean fluorescence intensity measurements,
confocal microscopy images were analyzed with ImageJ. Sin-
gle CLIC1-positive cells were selected using the ellipsoid se-
lection tool and analyzed for mean fluorescence intensity of
CLIC1 expression (Alexa 594) by using the histogram tool
(only the value of the red channel was used). Slides were
observed using a Zeiss Axiovert 200 fluorescence mi-
croscope (Carl Zeiss MicroImaging; Thornwood, NY),
and images were captured using Openlab3 software
(Improvision, Lexington, MA). For tissue, 5-μm serial
sections were cut from paraffin, followed by the same
blocking/antibody protocol for cells as listed above.

Semi-quantitative analysis of CLIC1 staining

Scoring of CLIC1 in EOC samples via immunofluorescence
(IF) staining follows the methods previously published [2, 3].
All of the IF staining samples from SEOC patients were eval-
uated by experienced two pathologists independently.

Table 1 Association between CLIC1 expression and clinicopathological
characteristics of serous ovarian cancers

Characteristics CLIC1
expression

No. of patients
(N=120)

P

Low High

Age (years) 0.612

<50 15 28 43

≥50 24 53 77

Serum CA-125 level 0.52

<35 5 5 10

≥35 34 76 110

Ascites (ml) <0.0001

<100 35 4 39

≥100 4 77 81

Histopathological differentiation 0.0009

Well 20 11 31

Moderate 15 19 34

Poor 4 51 55

FIGO stage 0.0001

I and II 38 4 42

III and IV 1 77 78

Implantation metastasis <0.0001

Absent 37 5 42

Present 2 76 78

Lymph node metastasis 0.006

Absent 8 11 19

Present 31 70 101
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Statistical analysis

The chi-square test or Fisher’s exact test was use to identify
statistical differences in the clinicopathologic variable analy-
sis. Univariate and multivariate logistic regression with covar-
iate adjustment were use to assess the association of CLIC1
overexpression with SEOC metastasis. A two-sided P<0.05
was considered as statistically significant. Statistical analysis
was carried out using SAS software (version 9.1.3, SAS Insti-
tute, Cary, NC).

Results

Demographic characteristics of SEOC patients

The demographic and clinical data about SEOC patients are
shown in Table 1. Among the 120 patients with SEOC, the
percentage of FIGO stages I and II and III and IV is 35 and
65 %, respectively. Moreover, there were 110 cases with se-
rum CA-125 level greater than 35 (91.67 %) and 81 (67.5 %)
cases with ascites volume more than 100 ml. Intraperitoneal

and lymph node metastasis was observed in 78 and 19 pa-
tients, respectively. In addition, the distribution of histopatho-
logical differentiation of 120 SEOC patients from grade 1 to 3
is 31 (25.8 %), 34 (28.3 %), and 55 (45.9 %), respectively.

CLIC1 expression is highly correlative with malignancy

In present study, we detected that CLIC1 mRNA level was
significantly increased in primary ovarian cancer with metas-
tasis (POCM), omentum, and peritoneal metastasis as com-
pared to benign ovarian tumor (BOT) and primary ovarian
cancer with no metastasis (POCNM) via qRT-PCR (Fig. 1a).
Consistently, the protein level of CLIC1 was significantly
higher in POCM, omentum, and peritoneal metastasis as com-
pared to BOT and POCNM (Fig. 1b, c).

Further analyses by immunofluorescent staining revealed
that CLIC1 was hardly detectable in normal ovaries and BOT
(Fig. 2a, b), while strong staining of CLIC1 was detected in
most SEOC samples (Fig. 2a, b). Interestingly, we noticed that
among 120 cases of SEOC, POCM (97.4 %) tumors have
relatively high level of CLIC1 (Table 1 and Fig. 2b), suggest-
ing CLIC1 level may positively correlate to SEOC intraperi-
toneal metastasis. CLIC1 level was significantly higher in late

Fig. 1 a qRT-PCR assay of
CLIC1 levels in benign ovarian
tumor (BOT) and serous ovarian
carcinoma (SEOC) tissues.
GAPDH serves as an internal
control. b Western blotting anal-
ysis of CLIC1 expression in nor-
mal ovaries and ovarian carcino-
ma tissues. Protein samples ob-
tained from frozen benign ovarian
tumor (BOT) and serous ovarian
carcinomas (SEOC) were ana-
lyzed by SDS-PAGE followed by
immunoblotting with antibody
against CLIC1. The levels of β-
actin were used as an internal
control. c Histogram of pooled
data from fresh benign ovarian
tumor (BOT, N=18), serous
ovarian carcinomas, and intraper-
itoneal metastasis (N=40). The
expression of CLIC1 was in-
creased both in ovarian carcino-
mas compared with fresh BOT.
Each of the protein samples was
repeated for three times. (ns,
P>0.05; *P<0.05; ***P<0.001)
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stages (III and IV) than early stages (I and II) of SEOC sam-
ples (Table 1). Furthermore, the results indicated that CLIC1

overexpression correlated positively with ascites volume and
negatively with the degree of histopathological differentiation
(Table 1).

CLIC1 is a potential sensitive and specific biomarker
for prediction of intraperitoneal metastasis in SEOC

To assess the association between high level of CLIC1 protein
and intraperitoneal metastasis, we first analyzed the traditional
clinicopathological variability about intraperitoneal metasta-
sis. Intraperitoneal metastasis was highly correlative with the
stage of FIGO (P<0.0001) and the presence of ascites
P<0.0001), respectively. To evaluate the independent correla-
tion between CLIC1 expression and intraperitoneal metasta-
sis, statistically significant factors (age, ascites, and CLIC1
expression) are used to adjust the multivariate logistic regres-
sion model. The results showed that high level of CLIC1 was
independently correlative to intraperitoneal metastasis
(OR 37.96; 95 % CI 4.75, 293.22; P < 0.001)
(Table 2). For intraperitoneal metastasis, the sensitivity
and specificity of CLIC1 overexpression were 97.4 and
88.1 %, respectively.

Discussion

CLIC1 is a novel identified member of a chloride channel
protein family, which includes CLIC1 to 6 and p64 et al.
[10]. To date, more and more documents demonstrated that
CLIC1 is critical for many physiological processes and pathol-
ogy, such as in cell cycle, proliferation, and migration [11, 12].
Furthermore, CLIC1 was reported to initiate and promote tu-
mor development [5, 6, 13].

However, the associations between CLIC1 level and ma-
lignancy in SEOC have not been reported. In this study, we
analyzed CLIC1 expression in 120 patients with SEOC by
Immunofluorescence and Western blotting and found that

Fig. 2 a Representative examples showing high and low CLIC1
expression (positivity + intensity). Upper left panel: normal ovaries,
score: 0+0; Upper right panel: benign ovarian tumors, score 0+0.
Middle left panel: shows representative staining patterns of low CLIC1
expression in primary ovarian cancer with not metastasis (POCNM),
score: 1+0. Middle right panel: shows representative staining patterns
of high CLIC1 expression in primary ovarian cancer with metastasis
(POCM), score: 2+2. Lower left panel: shows representative staining
patterns of high CLIC1 expression in omentum metastasis (OM), score:
2+2. Lower right panel: shows representative staining patterns of high
CLIC1 expression in peritoneal metastasis (PM), score: 2+2 (×200
original magnification). b Statistical analysis of CLIC1 stain positively
in normal ovaries (N=22), BOT (N=18), POCNM (N=42), PONM (N=
78), OM (N=78), and PM (N=78) (*P<0.05; **P<0.01; ***P<0.001)

Table 2 Multivariate analysis of the association between implantation and CLIC1 expression in serous ovarian cancers

Variables
bβ

SE (bβ) χ2 P value OR (95 % CI)

Age (years) <50

≥50 −0.103 0.558 0.14 0.654 0.8 (0.31, 2.56)

Ascites <100

≥100 2.88 0.557 17.411 <0.0001 9.412 (3.88, 27.65)

CLIC1 expression Low

High 4.10 1.13 12.91 <0.0001 37.96 (4.75, 293.22)

bβ and SE bβ
� �

: the parameter estimator of association coefficient and its standard error

χ2 chi-square statistic, OR odds ratio, CI confidence interval
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high expression of CLIC1 can be detected in SEOC among 81
patients. In NO, CLIC1 cannot be detected; and its expression
level is very low in BOT and POCNM. However, it can be
highly expressed in POCM. CLIC1 expression is also a neg-
ative correlation with histopathological differentiation.

Immunohistochemistry results revealed that among 81 pa-
tients with CLIC1 high expression, 78 (96.3 %) presented
intraperitoneal metastasis, suggested that CLIC1 expression
is highly correlated with metastasis in SEOC. For intraperito-
neal metastasis, the sensitivity and specificity of CLIC1 over-
expression were 97.4 % (76/78) and 88.1 % (37/42), respec-
tively (Table 1). Therefore, CLIC1 could be a new potential
predictor of intraperitoneal metastasis of SEOC.

In conclusion, CLIC1 expression is highly correlated to
malignancy in SEOC, and it could be a highly sensitive and
specific biomarker for the diagnosis of intraperitoneal metas-
tasis in SEOC.
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