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CLIC1 Induces Drug Resistance in Human Choriocarcinoma  
Through Positive Regulation of MRP1

Jinhui Wu and Dongshuang Wang
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Chemotherapy is typically used to treat choriocarcinoma. However, a small proportion of this malignancy 
develops resistance to common chemotherapeutic drugs such as methotrexate (MTX) and floxuridine (FUDR). 
This study aimed to investigate the role and potential mechanisms of chloride intracellular channel protein 1 
(CLIC1) in the development of chemoresistance in choriocarcinoma JeG3 cells. Two chemoresistant sublines 
were induced from their parental cell line JeG3 through intermittent exposure to MTX (named JeG3/MTX) or 
FUDR (named JeG3/FUDR). It was found that expression of CLIC1 was significantly higher in the chemo
resistant sublines JeG3/MTX and JeG3/FUDR than in their parental cell line JeG3. Knockdown of CLIC1 by 
specific siRNA significantly increased cell sensitivity to MTX and FUDR in vitro and in vivo. Moreover, the 
high expression of CLIC1 in chemoresistant sublines was associated with upregulation of multidrug resistance-
associated protein 1 (MRP1). Knockdown of CLIC1 decreased the expression of MRP1 accordingly. While 
reexpression of CLIC1 in the parental cell JeG3 increased its resistance to MTX and FUDR, depletion of 
MRP1 significantly blunted CLIC1 reexpression-mediated acquirement of chemoresistance in JeG3 cells. In 
conclusion, our results suggest that CLIC1 may serve as a critical mediator of chemoresistance in human 
choriocarcinoma JeG3 cells. The CLIC1-mediated chemoresistance is achieved through positive regulation of 
MRP1. Depletion of either CLIC1 or its downstream MRP1 may be a promising therapeutic strategy concern-
ing reversing the chemoresistance in human choriocarcinoma JeG3 cells.
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INTRODUCTION

Gestational trophoblastic neoplasia (GTN), including 
invasive moles, choriocarcinoma, epithelioid trophoblastic 
tumors, and, rarely, placental site trophoblastic tumors, is a 
term used to describe malignant lesions that originate from 
the chorionic villi and the extravillous trophoblast1–3. Of 
these GTNs, choriocarcinoma is a malignant lesion often 
arising after molar pregnancies. However, it can also occur 
after any form of gestation, such as miscarriages and term 
pregnancies. The incidence of choriocarcinoma differs 
among reports from different regions. Basically, higher 
occurrences were reported in Asia and Latin America com-
pared to Europe and North American countries4.

Choriocarcinoma represents a large proportion of GTN 
cases worldwide. Previous opinions hold that despite its 
malignant property, choriocarcinoma is highly respon-
sive to chemotherapy such as methotrexate (MTX) and 
floxuridine (FUDR) with an expected cure rate of greater 
than 90%, making it one of the most exciting successes in 
the treatment of human solid tumors by chemotherapy5. 

Current evidence has updated these data and shown that a 
few tumors acquire resistance to chemotherapy. It is esti-
mated that in low-risk patients, approximately 10%–20% 
of nonmetastatic and 30%–50% of metastatic patients 
develop single-agent chemoresistance and thus require 
combined chemotherapy to achieve complete remission. 
In high-risk patients, about 20%–30% have an incomplete 
response to first-line multiagent chemotherapy6–8. The 
first-line chemotherapy MTX, for example, has witnessed 
approximately 30% drug resistance6. Chemoresistance 
has also been reported in other drugs such as FUDR, 
etoposide (VP), and actinomycin-D (KSM), among others. 
Therefore, chemoresistance is the primary cause for treat-
ment failure in human choriocarcinoma.

Recently, multidrug resistance-associated proteins 
(MRPs) have been identified. Among these MRPs, MRP1 
was first cloned and highly expressed in a doxorubicin-
selected multidrug-resistant human lung carcinoma cell 
line H69AR9. The mechanism of MRP1 function is mainly 
the reduction of intracellular drug accumulation, in which 
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ATP-binding cassette (ABC) transporters expressed in 
the plasma membrane are notorious mediators10. Because 
of this property, MRP1 confers resistance to not only 
doxorubicin but also many other common antineoplas-
tic drugs such as MTX, VP, daunorubicin, and vincris-
tine11. Hence, MRP1 has emerged as a key contributor 
to chemoresistance.

Chloride intracellular channel protein 1 (CLIC1) is a 
novel biomarker that has aroused researchers’ interests 
because of its extensive role in the development and pro-
gression of cancer. Primarily, CLIC1 has been reported 
to promote tumor metastasis in a wide range of cancer 
types, including gastric12,13, ovarian14, hepatocellular15,16, 
and colon17, among others. CLIC1 was also proposed as 
one oncogene in pancreatic cancer18. Of specific interest, 
a recent two-dimensional gel electrophoresis-based pro-
teomic approach revealed that CLIC1 was a candidate 
prognostic biomarker for hydatidiform moles malig-
nantly transforming into choriocarcinoma19. The high 
expression of CLIC1 was, for the first time, observed 
in choriocarcinoma. This report suggested that CLIC1 
might also play a critical role in choriocarcinoma19.

The present study aimed to investigate whether CLIC1 
had any role in the development of chemoresistance in 
human choriocarcinoma cell line JeG3. To this end, two 
sublines, JeG3/MTX and JeG3/FUDR, were induced 
from their parental cell line JeG3 through intermittent 
exposure to MTX or FUDR. Expression of CLIC1 was 
initially examined in the drug-resistant sublines JeG3/
MTX and JeG3/FUDR. Furthermore, the role of CLIC1 
in chemoresistance to MTX and FUDR was explored 
in vitro and in vivo. Finally, the potential mechanism 
underlying CLIC1-mediated chemoresistance was inves-
tigated with a specific focus on whether it had any regu-
lative role in MRP1 expression.

MATERIALS AND METHODS

Cells and Reagents

The chemosensitive parental cell line JeG3 was pur-
chased from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). Cells were grown in high-glucose 
RPMI-1640 (Invitrogen, Shanghai, P.R. China) supple-
mented with 10% fetal bovine serum (FBS; HyClone, 
Logan, UT, USA), 50 U/ml penicillin, and 50 μg/ml strep-
tomycin at 37°C in a humidified atmosphere of 95% O2 
and 5% CO2. Two chemoresistance sublines, JeG3/MTX 
and JeG3/FUDR, were induced from their parental JeG3 
cells through intermittent exposure to MTX (namely, 
JeG3/MTX) or FUDR (namely, JeG3/FUDR) based on 
published protocols20,21. The sublines were maintained 
using the same method as their parental JeG3 cells.

For knockdown of CLIC1, a specific shRNA target-
ing CLIC1 was purchased from Santa Cruz Biotech
nology (Santa Cruz, CA, USA). Meanwhile, for the 

confirmation of CLIC1 knockdown, we also synthe
sized another shRNA against CLIC1 with the sequences  
5¢-GATGATGAGGAGATCGAGCTC-3¢, which  was  con
firmed to be effective22. For knockdown of MRP1, a spe
cific siRNA was used based on published sequences23. 
These sequences were confirmed to be specific against  
MRP1. A scramble siRNA (sense: 5¢-UUCUCCGAACG 
UGUCACGUTT-3¢ and antisense: 5¢-ACGUGACACGU 
UCGGAGAATT-3¢) was also synthesized. All sequences 
were synthesized by GenePharma Co., Ltd. (Shanghai, 
P.R. China). The expression plasmid of CLIC1 was pur-
chased from Addgene (Cambridge, MA, USA). Primary 
antibodies as well as corresponding secondary antibodies 
were purchased from Santa Cruz Biotechnology.

Quantitative Real-Time PCR (qRT-PCR)

Total RNAs from cell culture were extracted using 
the RNeasy Plus Mini Kit (Cat. No. 74134) (Qiagen, 
Shanghai, P.R. China). RNAs were immediately con-
verted into cDNAs using the High-Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems, Foster 
City, CA, USA) according to the manufacturer’s instruc
tions. qRT-PCR was performed using the SYBR Premix  
Ex Taq Perfect Real Time (TaKaRa, Shiga, Japan). The  
primers for CLIC1 were as follows: forward, 5¢-AGAG 
GCTGAATGAGCTGGAG-3¢; reverse, 5¢-TGGCAATT 
TTGGTCCATTTT-3¢.

All values were normalized to glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH). Data were obtained 
from three independent assays with each assay in triplicate.

Western Blot Assays

Cells were seeded in six-well plates and allowed to 
grow up to 80% confluence. After the indicated treat-
ments, total cell proteins were extracted and quantified. 
An equal amount of 40 μg of protein extract was loaded 
to each lane on a 12% SDS-PAGE gel. The proteins 
were then transferred to a nitrocellulose membrane (GE 
Healthcare, San Francisco, CA, USA). The membranes 
were later blocked in Tris-buffered saline (TBS) with 5% 
skim milk for 1 h and then incubated in the correspond-
ing primary antibodies overnight. The membranes were 
then incubated with secondary antibodies at room tem-
perature for 1 h. Immunoreactivity was detected using an 
ECL chemiluminescent substrate (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA). GAPDH protein was 
synchronously detected as a loading control.

Cell Viability Determination

To assess cell viability under each condition, a cell 
counting kit-8 (CCK-8; Dojindo, Japan) assay was 
conducted. Briefly, cells with distinct treatments were 
trypsinized and seeded at an initial density of 3,000 cells/
well in 96-well plates. After incubation for 24 h, cells 



ROLE OF CLIC1 IN CHORIOCARCINOMA	 865

were treated with MTX or FUDR as indicated. For each 
monitored day, a 10-μl CCK-8 solution was added to each 
well for 4 h at 37°C. Absorbance was then determined 
using a Multiskan plate reader at 490 nm. This assay was 
consecutively monitored for 5 days.

Xenograft Model of Choriocarcinoma

To assess the effects of CLIC1 knockdown on cell 
sensitivity to drugs (MTX or FUDR) in vivo, a xeno-
graft model of human choriocarcinoma was established 
using the induced chemoresistant JeG3/MTX cells and 
JeG3/FUDR cells. JeG3/MTX cells and JeG3/FUDR 
cells that were stably depleted of CLIC1 were initially 
selected and collected. A total of 40 5-week-old athymic 
nude mice (BALB/cnu/nu) were used for the experiment. 
These mice were randomly assigned into four groups, 
with the former two groups treated with MTX and the 
latter two groups with FUDR. For the former two groups, 
an equal amount of 1 ́  106 JeG3/MTX cells with CLIC1 
depletion (group 2) or none (group 1) was injected sub-
cutaneously into the right flank. After the exhibition of 
neoplasia, MTX (4.0 μg/20 μl per gram of mouse weight) 
was injected intraperitoneally into each tumor-bearing 
mouse each day. Tumor dimensions were then measured 
once every 3 days. For the latter two groups, an equal 
amount of 9.0 ́  105 JeG3/FUDR cells with CLIC1 deple-
tion (group 4) or none (group 3) was injected subcuta-
neously into the right flank. Each tumor-bearing mouse 
was injected with FUDR (10 μg/20 μl per gram of mouse 
weight) intraperitoneally each day. Tumor dimensions 
were also measured. The tumor volume was calculated  
as: TV = L ́  W2/2, where L represents the longer dimen-
sion, and W represents the shorter dimension. Thirty-
two days after inoculation, all mice were sacrificed, 
and tumors were dissected. The protocols of animal 

experiments were approved by the ethical committee of 
Cangzhou Central Hospital.

Statistical Analysis

Data were presented as mean ± standard deviation 
(SD). The Student’s t-test was used to evaluate the differ-
ence between two groups. A value of p < 0.05 was consid-
ered statistically significant.

RESULTS

CLIC1 Is Highly Expressed in Chemoresistant Sublines 
in Choriocarcinoma

Initially, two chemoresistant sublines, JeG3/MTX 
and JeG3/FUDR, were induced from their parental JeG3 
cells based on published protocols20,21. After a 10-month 
induction, the resistance index (RI) values were 26.81 
for JeG3/MTX cells and 30.14 for JeG3/FUDR cells. 
By culturing the chemoresistant sublines and JeG3 cells, 
the expression of CLIC1 was examined by Western blot 
and qRT-PCR. It was found that the mRNA level of 
CLIC1 was significantly higher in the induced sublines 
than their parental cells (Fig. 1A). Likewise, the protein 
level of CLIC1 was also remarkably elevated in JeG3/
MTX cells and JeG3/FUDR cells compared with JeG3 
cells (Fig. 1B). These data suggest that CLIC1 is over
expressed in chemoresistant sublines.

Knockdown of CLIC1 in Chemoresistant Sublines 
Increases Cell Sensitivity to Drugs

Next we adopted specific shRNAs against CLIC1 
(shCLIC1) to deplete the expression of CLIC1 in the two 
chemoresistant sublines. Initially, a shCLIC1 confirmed 
by a previous report (shCLIC1-1) and another shCLIC1 
commercially purchased (shCLIC1-2) were used. When 
both shCLIC1s were transfected, the relative CLIC1 

Figure 1.  CLIC1 is highly expressed in chemoresistant sublines in choriocarcinoma. (A) qRT-PCR analysis of the relative mRNA 
level of CLIC1 in JeG3 cells and two sublines (JeG3/MTX and JeG3/FUDR). (B) Western blot analysis of the protein level of CLIC1 
in the above three cell lines. *p < 0.05 versus JeG3 group.
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mRNA was similar but significantly lower than that in 
the control groups (negative control and scramble shRNA 
groups) (see supplemental Fig. S1B, available at http://
pan.baidu.com/share/link?shareid=2256097262&uk=​
1765598789). Immunoblotting also showed that knock-
down of CLIC1 by either shRNA caused the remarkable 
decreases in CLIC1 protein level without affecting the 
protein level of GAPDH. The scramble shRNA caused 
no changes to either the CLIC1 or the GAPDH expres-
sion in JeG3 cells (see supplemental Fig. S1B, avail-
able at http://pan.baidu.com/share/link?shareid=22560​
97262&uk=1765598789). These preliminary data sug
gested that the synthesized shRNAs worked effec-
tively to knock down the expression of CLIC1 without 

remarkable off-target effects. Since either shRNA was 
equally effective, shCLIC1-1 was randomly chosen for 
subsequent analysis. Thereafter, with this shRNA, qRT-
PCR verified that the mRNA level of CLIC1 was also 
successfully depleted in sublines JeG3/MTX cells and 
JeG3/FUDR cells (Fig. 2A and B). Effects of CLIC1 
knockdown on cell response to drugs were then assessed 
by CCK-8 proliferation assays. In JeG3/MTX cells, 
when CLIC1 was not depleted, cell viability was simi-
lar between cells treated with or without MTX. When 
CLIC1 was depleted, cell proliferation was significantly 
slowed down. This was particularly significant in MTX-
treated CLIC1-depleted JeG3/MTX cells where cell 
viability barely differed among the monitored periods 

Figure 2.  Knockdown of CLIC1 in chemoresistant sublines increases cell sensitivity to drugs. (A, B) The specific shRNA against 
CLIC1 (shCLIC1-1) was transfected into JeG3/MTX cells and JeG3/FUDR cells, respectively. It was shown that the mRNA level of 
CLIC1 was significantly depleted by shCLIC1 in both sublines. (C) Cell proliferations of JeG3/MTX cells with or without CLIC1 
knockdown were assessed at the presence or absence of MTX treatment. (D) Cell proliferations of JeG3/FUDR cells with or without 
CLIC1 knockdown were assessed at the presence or absence of FUDR treatment. All experiments were repeated three times. *p < 0.05 
versus scramble group.
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(Fig. 2C). Similarly, cell viability was not significantly 
different when CLIC1 was not depleted in JeG3/FUDR 
cells at the presence or absence of FUDR treatment. 
After knockdown of CLIC1, JeG3/FUDR cells showed 
full sensitivity to FUDR and failed to proliferate in 
5 consecutive days (Fig. 2D). These observations sug-
gest that knockdown of CLIC1 increases cell sensitivity 
to drugs in JeG3/MTX cells and JeG3/FUDR cells.

Knockdown of CLIC1 Increases Cell Sensitivity to Drugs 
in a Mouse Model of Choriocarcinoma

Furthermore, the effects of CLIC1 knockdown on 
tumor growth were assessed in vivo. JeG3/MTX cells 
with or without CLIC1 stable knockdown were injected 
subcutaneously into nude mice. It was observed that all 
mice exhibited neoplasia 7 days after injection in the 
CLIC1 undepleted group. In the CLIC1-depleted group, 

Figure 3.  Knockdown of CLIC1 increases cell sensitivity to drugs in a mouse model of choriocarcinoma. In a mouse model bearing 
chemoresistant cells, JeG3/MTX cells with or without CLIC1 stable knockdown were injected into mouse (n = 10 each). After the 
exhibition of neoplasia, MTX was intraperitoneally injected, and tumor dimensions were measured once every 3 days (A). On day 
32, all tumors were dissected, and tumor mass was weighed (B). In another mouse model bearing chemoresistant JeG3/FUDR cells, 
FUDR was intraperitoneally injected into each mouse, and tumor volume (C) and weights (D) were measured as stated above. *p < 0.05 
versus scramble group.
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neoplasia was observed on the 10th day. All mice then 
received chemotherapy (MTX). After a total of 32 days 
of monitoring, the tumor volume in the CLIC1-depleted 
group was significantly smaller than that in its paired 
group, indicating that MTX treatment limited tumor 
growth after CLIC1 knockdown (Fig. 3A). Tumors also 
weighed significantly less, by up to 75% in the CLIC1-
depleted mice (Fig. 3B). Comparable results were also 
observed in the mouse model bearing JeG3/FUDR-
xenografted tumors. Tumor volume was changed approx-
imately threefold by day 32 between the two groups with 
and without CLIC1 knockdown (Fig. 3C). The tumor 
weights were decreased 2.5-fold in the CLIC1-depleted 
mice as well (Fig. 3D). The shrinkage in tumor volume 
and weights suggests that knockdown of CLIC1 increases 
JeG3/MTX and JeG3/FUDR cell sensitivity to drugs in 
the mouse model.

CLIC1 Positively Regulates the Expression of MRP1 
in Choriocarcinoma JeG3 Cells

To evaluate the possible mechanism underlying CLIC1-
mediated chemoresistance, we assessed the expression 
patterns of CLIC1 and the widely detected drug resistance-
associated protein 1 (MRP1). In JeG3/MTX cells and JeG3/

FUDR cells, while CLIC1 was elevated, the protein level 
of MRP1 was accordingly increased (Fig. 4A). Moreover, 
in JeG3/MTX cells, when CLIC1 was depleted, MRP1 
was also downregulated. This was also true in JeG3/FUDR 
cells (Fig. 4B). These data suggest that CLIC1 positively 
regulates the expression of MRP1 in chemoresistant cho-
riocarcinoma sublines.

Knockdown of MRP1 Blunts CLIC1-Mediated 
Acquirement of Chemoresistance in JeG3 Cells

Considering that MRP1 is a downstream target of 
CLIC1, effects of MRP1 knockdown on CLIC1-mediated 
chemoresistance were then investigated. Parental JeG3 
cells were sensitive to MTX and FUDR treatments, and 
knockdown of MRP1 resulted in further sensitivity to 
these drugs (Fig. 5). However, overexpression of CLIC1 
in parental JeG3 cells caused less sensitivity of cells to 
MTX treatment, indicating that reexpression of CLIC1 
could induce chemoresistance in nonresistant parental 
cell lines. Moreover, when MRP1 was depleted, JeG3 
cells with CLIC1 reexpression showed high sensitivity 
to MTX treatment (Fig. 5A), indicating that knockdown 
of MRP1 abolished CLIC1-mediated development of 
chemoresistance in JeG3 cells. Similarly, while CLIC1 

Figure 4.  MRP1 is a target of CLIC1. (A) Expression patterns for CLIC1 and MRP1 in the parental cell line JeG3 and its two 
sublines JeG3/MTX and JeG3/FUDR. (B) In JeG3/MTX and JeG3/FUDR cells, knockdown of CLIC1 decreased the expression of 
MRP1 accordingly.
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induced the development of chemoresistance to FUDR 
in JeG3 cells, knockdown of MRP1 abolished the above 
effects (Fig. 5B). All these data conclude that MRP1 is 
a key downstream target that mediates CLIC1-induced 
development of chemoresistance in JeG3 cells.

DISCUSSION

Choriocarcinoma represents a large proportion of GTN. 
Prognosis of this malignancy is traditionally desirable 
because of the development of chemotherapy. However, 
a few tumor types acquire chemoresistance. It is estimated 
that approximately 10%–30% of patients have an incom-
plete response to first-line multiagent chemotherapy6–8. 
Therefore, drug resistance remains a major obstacle to the 
successful treatment of this malignancy. Hence, new thera-
peutic targets are desperately needed.

Recently, the CLIC1 protein has gained much research 
interest24. The CLIC gene family comprises at least six 

members, namely, CLIC1 to CLIC625. The functions of 
CLIC1 range from ion homeostasis to cell volume regula-
tion, transepithelial transport, and regulation of electrical 
excitability21. Recently, CLIC1 was proposed as a novel 
prognostic biomarker and therapeutic agent in various 
types of solid tumors12,14–17. Of particular interest, a recent 
bioinformatic analysis revealed that CLIC1 was critically 
involved in the malignant transformation of hydatidiform 
moles to choriocarcinoma19. However, no study has been 
conducted as to whether CLIC1 confers any drug resis-
tance in choriocarcinoma treatment.

The present study initially established two sublines 
from their parental JeG3 cells. RI values for the two 
sublines (JeG3/MTX and JeG3/FUDR) were 26.81 and 
30.14, respectively, suggesting high drug resistance26 
and the successful establishment of chemoresistant sub-
lines from parental cells. By using the induced chemo
resistant sublines, it was observed that the expression of 

Figure 5.  Knockdown of MRP1 blunts CLIC1-mediated acquirement of chemoresistance in JeG3 cells. CLIC1-overexpressed JeG3 
cells with or without MRP1 knockdown were treated with MTX (A) and FUDR (B). Cell viability was then monitored under each 
condition. While CLIC1 overexpression promoted cell proliferation even under MTX or FUDR treatment, knockdown of MRP1 
blunted the CLIC1-mediated abovementioned effects. The “vector + scramble” group indicates JeG3 cells were without CLIC1 plas-
mid and siMRP1 transfection. The “vector + siMRP1” group indicates JeG3 cells were without CLIC1 plasmid transfection but were 
transfected with specific MRP1 siRNA.
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CLIC1 was significantly higher. Knockdown of CLIC1 by 
shRNAs significantly increased cell sensitivity to MTX 
in JeG3/MTX cells or to FUDR in JeG3/FUDR cells in 
vitro and in vivo. Cell viability in response to drug treat-
ment was decreased by up to 60%–75% after CLIC1 
knockdown. Our observations collectively conclude that 
CLIC1 is a key mediator of chemoresistance in chorio-
carcinoma cells.

Of particular interest, CLIC1 functions by positive 
regulation of MRP1, an MRP. MRP1 was first cloned 
and highly expressed in a doxorubicin-selected multidrug- 
resistant human lung carcinoma cell line, H69AR9. 
MRP1 functions to reduce the intracellular drug accumu-
lation, in which ABC transporters are notorious media-
tors10. Because of this property, MRP1 confers resistance 
to not only doxorubicin but also many other common 
antineoplastic drugs such as MTX, VP, daunorubicin, 
and vincristine11. Hence, MRP1 has emerged as a key 
contributor to chemoresistance. However, the molecular 
mechanism for the induction of MRP1 has not been fully 
clarified. Our study found that MRP1 was a target pro-
tein by CLIC1. Knockdown of MRP1 significantly abol-
ished CLIC1-mediated acquirement of chemoresistance 
in JeG3 cells. These data suggest that CLIC1 exerts its 
chemoresistant property by promoting the expression of 
MRP1 in choriocarcinoma. Hence, this is the first report 
to our knowledge that identifies the role and one of the 
potential mechanisms of CLIC1 in choriocarcinoma 
chemoresistance.

The identification of CLIC1 as a key mediator of 
chemoresistance is of biological significance. On the one 
hand, a small proportion of choriocarcinoma patients 
have received an unfavorable prognosis due to chemore-
sistance. To date, no biomarker has been proposed as 
an effective indicator that can be used to differentiate 
chemosensitive and chemoresistant patients. Our report 
suggests that CLIC1 may serve as a candidate to indi-
cate whether a patient is sensitive to common drugs. 
On the other hand, despite much knowledge of how 
MRP1 induces drug resistance in multiple solid tumors, 
the molecular mechanism that controls MRP1 expres-
sion remains largely unknown. Our data may suggest 
that MRP1 is regulated by CLIC1, leading to CLIC1-
mediated development of chemoresistance in choriocar-
cinoma cells.

In all, this is the first report to identify the critical role 
of CLIC1 in the development of chemoresistance in JeG3 
cells. Our data suggest that knockdown of CLIC1 or its 
target protein MRP1 may be promising therapeutic strat-
egies for alternative treatment of chemoresistant chorio-
carcinoma patients.
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