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RNAi-mediated knockdown of the CLLN3 gene
inhibits proliferation and promotes apoptosis
in drug-resistant ovarian cancer cells
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Abstract. CLN3 is a recently identified anti-apoptotic gene,
which has been demonstrated to be highly expressed in a
diverse range of cancer cell lines, including ovarian cancer.
In the present study, RNA interference, mediated by a lenti-
virus expressing CLN3 short hairpin RNA (shRNA) was
utilized to knockdown the expression of CLN3 in the A2780
human ovarian cancer cell line, and its cisplatin-resistant and
carboplatin-resistant sublines, A2780/DDP and A2780/CBP
cells. It was revealed that the mRNA and protein expres-
sion levels of CLN3 were significantly reduced in the
CLN3-specific shRNA-transduced cells, compared with the
untransduced and control shRNA-transduced cells. In addi-
tion, specific knockdown of CLN3 in these cells inhibited cell
proliferation and led to cell cycle arrest at the GO/G1 phase,
with eventual apoptosis. CLN3 knockdown caused increases
in the levels of Bax, FAX, cleaved-caspase 3, cleaved-caspase
8 and cleaved-R ARP, but decreased the level of Bcl-2. Finally,
it was observed that CLN3 depletion markedly reduced the
half maximum inhibitory concentration in the A2780/DDP
and A2780/CBP cells. Taken together, these data suggested
that CLN3 is involved in tumorigenesis and drug resistance
in ovarian cancer, and may serve as a promising therapeutic
target for its treatment.

Correspondence to: Dr Shiyu Han, Department of Gynaecology
and Obstetrics, The Fourth Affiliated Hospital of Harbin Medical
University, 37 Yiyuan Street, Harbin, Heilongjiang 150037,
P.R. China

E-mail: 13945065035@126.com

“Contributed equally

Key words: CLN3, ovarian cancer, RNA interference, proliferation,
apoptosis, chemosensitivity

Introduction

Ovarian cancer is the most life-threatening gynecologic
malignancy, accounting for a mortality rate of ~140,200 in
2008 worldwide (1). Despite significant advances in surgical
techniques and chemotherapy regimens, the 5-year survival
rate for patients with the advanced disease is ~13%, primarily
due to recurrence and drug resistance (2). In general, the
majority of patients with ovarian cancer initially respond to
surgery and standard chemotherapy; however, the majority
ultimately develop recurrence, and resistance to chemothera-
peutic drugs is frequently observed in recurrent disease (3).
Therefore, understanding the molecular mechanisms involved
in chemotherapy resistance is urgently required to develop
novel therapeutic strategies and improve clinical outcomes of
this life-threatening malignancy.

CLN3 is a recently identified defective gene in juvenile
Batten disease, an inherited neurodegenerative disease of
childhood resulting from accelerated apoptotic death of
photoreceptors and neurons (4). The CLN3 gene encodes
a hydrophobic transmembrane protein, which is involved
in intracellular trafficking and regulation in neuronal and
non-neuronal cells (5-8). Previous studies have indicated that
CLN3 has anti-apoptotic properties in NT2 neuronal precursor
cells and cancer cells (9,10). In particular, Rylova et al reported
that CLN3 mRNA and protein are abundantly expressed in
various cancer cell lines, including glioblastoma, neuroblas-
toma, and prostate, ovarian, breast and colon cancer (11,12).
In addition, a series of functional investigations have revealed
that the knockdown of CLN3 by RNA interference (RNA1)
inhibits the proliferation and/or induces apoptosis in several
cancer cells (11,12). CLN3 has, therefore, been indicated as a
potential molecular target for future cancer drug discovery (11).
However, the potential role of CLN3 in ovarian cancer remains
to be fully elucidated.

In the present study, an RNAi-based approach, specifi-
cally targeting CLN3 mRNA, was used to investigate the
effects of CLN3 knockdown on the proliferation, apoptosis
and chemosensitivity of the A2780 human ovarian cancer
cell line, and cells of its cisplatin-resistant (A2780/DDP) and
carboplatin-resistant (A2780/CBP) sublines.
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Materials and methods

Cell culture. Human ovarian carcinoma SW626, OVCaR-3
and SK-OV-3 cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Gibco Life Technologies, Grand
Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS; GE Healthcare, Logan, UT, USA). Human
ovarian carcinoma HO-8910, COC1, HO-8910PM cells were
grown in RPMI 1640 medium (Gibco Life Technologies)
containing 10% fetal calf serum (GE Healthcare).
Human ovarian carcinoma ES-2 cells were maintained in
McCoy's SA medium (Gibco Life Technologies) containing
10% FBS. All cells were cultured at 37°C in a 5% CO,
atmosphere. The A2780 human ovarian carcinoma cell
line, and its cisplatin-resistant (A2780/DDP) and carbopl-
atin-resistant (A2780/CBP) sub-lines were obtained from
KeyGen Biotech, Co., Ltd. (Nanjing, China) and cultured
in DMEM, containing 10% FBS, at 37°C in a 5% CO,
atmosphere. The resistant sub-lines were established by
exposure of the A2780 cells to stepwise increasing cisplatin
or carboplatin (Qilu Pharmaceutical Co., Ltd., Jinan, China)
concentrations, respectively. To ensure maintenance of the
resistant phenotype, the culture medium of the A2780/DDP
and A2780/CBP cells were treated with 1 mg/l cisplatin
and 0.1 pgmol/l carboplatin, respectively. The cisplatin and
carboplatin were removed from the growth medium 2 weeks
prior to all subsequent experiments. Normal ovarian
tissues were provided by the Department of Gynaecology
and Obstetrics, The Fourth Affiliated Hospital of Harbin
Medical University (Harbin, China) and the Department
of Gynaecology, The Second Affiliated Hospital of Harbin
Medical University (Harbin, China) following surgery or a
laparoscopy. All patients provided written informed consent
for the use of their tissues, and the use of tissue specimens
was approved by the Ethics Committee of Harbin Medical
University. Following primary culture, the cells were grown
in DMEM supplemented with 10% FBS.

Construction and transfection of the CLN3 shRNA lentiviral
vector. Oligonucleotides corresponding to CLN3 mRNA or
control mRNA were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China) as follows: CLN3, sense 5'-CCUUGGUCG
UAGUUUACUUTT-3' and antisense 5-AAGUAAACUACG
ACCAAGGTT-3"; and control, sense 5'-UUCUCCGAACGU
GUCACGUTT-3 and antisense 5'-ACGUGACACGUUCGG
AGAATT-3'. The annealed double-stranded oligonucleotides
were cloned into the pGCSIL-green fluorescent protein
(GFP) viral vector. The recombinant plasmid was verified
using PCR and DNA sequencing. Recombinant lentiviral
particles were prepared via the co-transfection of subconfluent
293T cells with the modified pGCSIL-GFP viral vector and
the pHelper 1.0 and pHelper 2.0 helper plasmids using the
Lipofectamine™ 2000 reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA). For lentiviral transfection, the cells were
seeded at a density of 5x10* into six-well plates and transduced
with the modified pGCSIL-GFP (KeyGen Biotech Co., Ltd.)
viral vector when they reached 30-40% confluence. At 3 days
post-transfection, the expression of GFP was examined under
a fluorescence microscope, and the cells were harvested for the
subsequent assays.
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Reverse transcription-quantitative polymerase chain reac-
tion (RT-q)PCR. Total RNA was extracted from the cultured
cells using TRIzol reagent (Invitrogen Life Technologies) and
reverse-transcribed to synthesize cDNA using a Maxima®
First Strand cDNA Synthesis kit (Thermo Fisher Scientific,
Rockford, IL, USA), according to the manufacturers'
instructions. Subsequently, qPCR reactions were performed
using SYBR Green Real-time PCR Master Mix (Toboyo,
Co., Ltd., Osaka, Japan) with 2 ug total RNA on an Applied
Biosystems Step One Plus Real-Time PCR system (Applied
Biosystems Life Technologies, Foster City, CA, USA).
Following 15 sec at 95°C to activate DNA polymerase, the
cycling parameters were as follows: 40 cycles of denaturation
at 95°C for 5 sec, and annealing and extension at 60°C for
30 sec. The relative mRNA expression levels were calculated
from the threshold cycle (Ct) value of each PCR product and
normalized to B-actin using the comparative Ct method. The
primer sets used for gPCR were as follows: CLN3, forward
5-'GGTGGACAGTATTCAAGGG-3' and reverse: 5'-CTT
GGCAGAAAGACGAAC-3"; Bcl-2, forward 5'-ACGACT
TCTCCCGCCGCTAC-3' and reverse 5-CTGAAGAGCTCC
TCCACCAC-3'; caspase-3, forward 5'-CATGGAAGCGAA
TCAATGGACT-3' and reverse 5-CTGTACCAGACCGAG
ATGTCA-3; caspase-8, forward 5'-CTCCAAATGCAAACT
GGATG-3" and reverse 5“-TGTTGATTTGGGCACAGACT-3";
and B-actin, forward 5-GGCGGCACCACCATGTACCCT-3'
and reverse 5~AGGGGCCGGACTCGTCATACT-3". Primers
were synthesized by Sangon Biotech Co., Ltd.

Western blot analysis. The cells were washed twice with
ice-cold phosphate-buffered saline (PBS) and lysed in lysis
buffer (KeyGen Biotech Co., Ltd.) for 30 min. Following
centrifugation at 8,000 x g for 5 min at 4°C, the soluble proteins
were boiled at 95-100°C for 5 min, separated by 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (KeyGen
Biotech Co., Ltd.) at a 70 V constant voltage, and transferred
electrophoretically onto polyvinylidene difluoride membranes
(EMD Millipore, Bedford, MA, USA). The membranes were
blocked with 5% non-fat milk at room temperature for 1.5 h and
immunoblotted at 37°C for 1.5 h with the following antibodies:
Polyclonal goat anti-human CLN3 (cat. no. sc-49627; 1:200;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), poly-
clonal mouse anti-human cleaved caspase-8 (cat. no. sc-81656;
1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA),
polyclonal rabbit anti-human Bcl-2 (cat. no. KG22169; 1:500;
KeyGen Biotech Co., Ltd.), polyclonal rabbit anti-human Bax
(cat.no.KG22165; 1:500; KeyGen Biotech Co.,Ltd.), polyclonal
rabbit anti-human cleaved PARP (cat. no. YC0073; 1:1,000;
ImmunoWay Biotechnology, Newark, DE, USA) and poly-
clonal rabbit anti-human cleaved caspase-3 (cat. no. KG22205;
1:200; KeyGen Biotech Co., Ltd.), followed by incubation with
horseradish peroxidase-linked secondary antibody (1:10,000;
KeyGen Biotech Co., Ltd.) at 37°C for 40 min. Finally, the
protein bands were visualized using an enhanced chemilumi-
nescence detection system (KeyGen Biotech Co., Ltd.).

Cell proliferation assay. Cell proliferation was analyzed using
a Cell Counting Kit-8 (CCK-8; KeyGen Biotech Co., Ltd.),
according to the manufacturer's instructions. Briefly, the cells
were seeded into 96-well plates at a density of 2x10? cells/well
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and cultured for 0, 12, 24, 48 or 72 h. Subsequently, 10 ul
CCK-8 reagent was added to each well, and the cells were incu-
bated at 37°C for 2 h. Finally, the absorbance at 450 nm was
determined using a microplate reader (Bio-Rad Laboratories,
Inc., San Diego, CA, USA).

Apoptosis and cell cycle analysis using flow cytometry. For
cell cycle analysis, the cells were washed twice with PBS, fixed
overnight in 70% ethanol, and stained with propidium iodide (PI;
KeyGen Biotech Co., Ltd.) in the presence of RNase A (Takara
Biotechnology Co., Ltd., Dalian, China) at 4°C for 30 min. The
DNA contents were determined using a FACSCalibur flow
cytometer (BD Biosciences, San Jose, CA, USA).

The number of apoptotic cells were quantified by flow
cytometry using an Annexin V-FITC/PI Apoptosis Detection
kit (KeyGen Biotech Co., Ltd.). In brief, the cells were washed
with PBS and incubated with 500 ul binding buffer (KeyGen
Biotech Co., Ltd.). Subsequently, 5 ul fluorescein isothiocya-
nate (FITC)-labeled Annexin V and 5 ul PI were added, and
the samples were incubated at room temperature for 5-15 min
in the dark. The percentage of apoptotic cells was determined
using flow cytometry.

Cytotoxicity assay. In vitro cytotoxicity was evaluated using a
CCK-8 assay. Briefly, the cells were trypsinized and plated in
96-well plates at a density of 2x10? cells/well. Following treat-
ment with different concentrations of cisplatin or carboplatin,
the CCK-8 assay was performed, as described above. The half
maximum inhibitory concentration (ICs,) values were calcu-
lated by linear interpolation with SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA).

Statistical analysis. The results are expressed as the
mean + standard deviation, and raw data were analyzed using
Student's t-test with SPSS 19.0 software. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Overexpression of CLN3 in ovarian cancer cells. Firstly, the
mRNA levels of CLN3 in normal ovarian cells and A2780,
COCl, ES-2, HO-8910, HO-8910PM, OVCaR-3, SK-OV-3,
SW626 ovarian cancer cell lines were detected using RT-qPCR.
Compared with the normal ovarian cells, significantly higher
levels of CLN3 were observed in the A2780, COC1, HO-8910,
OVCaR-3, SK-OV-3 and SW626 cells, but not in the ES-2
and HO-8910PM cells. Among these, the SW626 and A2780
exhibited the highest endogenous mRNA levels of CLN3
(Fig. 1). These data suggested a possible role of CLN3 in the
development and progression of ovarian cancer.

Knockdown of CLN3 by shRNA in the A2780 cell line and
its drug-resistant sub-lines. To investigate whether CLN3 is
required for the maintenance of drug-resistance in ovarian
cancer cells, modified lentiviral pGCSIL-GFP vectors
expressing CLN3 or control shRNA were transduced into
the A2780 cell line and its cisplatin-resistant (A2780/DDP)
and carboplatin-resistant (A2780/CBP) sub-lines. RT-qPCR
revealed that there was ~70% decrease in the mRNA level
of CLN3 in the cells transduced with the vector expressing
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Figure 1. Reverse transcription-quantitative polymerase chain reaction analysis
of the expression of CLN3 in a panel of ovarian cancer cell lines. The results are
expressed as the mean + standard deviation. “P<0.05 vs. normal ovarian cells.
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Figure 2. Specific knockdown of the expression of CLN3 in lentiviral
vector-transduced ovarian cancer cells, analyzed using (A) reverse transcrip-
tion-quantitative polymerase chain reaction and (B) western blot analysis.
The results are expressed as the mean + standard deviation. "P<0.05 vs. CON.
CON, control; NC, negative control; KD, knockdown.

CLN3 shRNA, compared with that in the cells transduced
with the control vector. No significant difference in the
mRNA expression of CLN3 was observed between the control
vector-transduced cells and untransduced cells (Fig. 2A;
P<0.05). The knockdown of CLN3 was further confirmed using
western blot analysis, which demonstrated a decrease of ~66%
in the protein level of CLN3, compared with the control cells
(Fig. 2B; P<0.05). These results revealed that CLN3-specific
shRNA effectively knocked down the expression of CLN3 in
the ovarian cancer cells at the mRNA and protein levels.
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Figure 3. Effects of CLN3 knockdown on in vitro ovarian cancer cell proliferation, determined using a Cell Counting Kit-8 assay. The results are expressed
as the mean =+ standard deviation. "P<0.05 vs. CON. DDP, cisplatin-resistant; CBP, carboplatin-resistant; CON, control; NC, negative control; KD, knockdown.

AZTHO (NG} A2780 (D)
g4
5
£
Z
24
24
s T T 1
n % L] £ ] e
Channels(FL2-H) Channels(FL2-H)
AZTBO/DOP (NC) AZT80/00P (KD}
L% LE
g g
i i
£R £
= b
&4 X
8] 2]
e T el T T 1
n % “ ] & ]
Chasnels(FI12-H) Channels(FL2-Hp
AZTBO/CERP (NC) AZTBO/CEP (KB
g
ER
i
-
EE
24
L] L

"
Channels{FL2-H)

- @
Channcls(FL2-H)

B
G2
150.00 Es
BGl
$ 100.00
3
g
5
g
A
50.00
0.00—Liiit

A2780/DDP A2780/DDP A2750/CBP
(NC) (KD) (NC)

AZ‘T
(KD)

M?éﬂ
NO)

Figure 4. Effects of CLN3 knockdown on cell cycle in ovarian cancer cells. (A) Cells were stained with propidium iodide and quantified to determine cycle
distribution using flow cytometry. (B) Percentages of cells in each cell phase were determined. DDP, cisplatin-resistant; CBP, carboplatin-resistant; NC,

negative control; KD, knockdown.

CLN3 knockdown inhibits cell proliferation and induces
GO/GI cell cycle arrest in the A2780 cell line and its
drug-resistant sub-lines. To evaluate the effects of CLN3
knockdown on ovarian cancer cell proliferation, a CCK-8 assay
was performed with the modified lentiviral pGCSIL-GFP
vector transduced A2780, A2780/DDP and A2780/CBP cells.
As shown in Fig. 3, CLN3 shRNA transfection in the parental
A2780 cells significantly decreased cell viability on days 2
and 3, compared with the control vector-transduced cells
(P<0.05). Similar results were observed in the drug-resistant
A2780/DDP and A2780/CBP cells. As cell cycle progression is
a critical determinant of cell growth, further cell cycle analysis
was performed using flow cytometry. The results demon-
strated that CLN3 knockdown in the A2780, A2780/DDP and
A2780/CBP cells significantly increased the percentage of
GO/GI phase cells, with a concomitant fall in the percentage

of S phase cells (P<0.05; Fig. 4). These data suggested that
growth inhibition in the CLN3-knockdown drug-resistant
ovarian cancer cells may have been due to the arrest at the
GO/G1 transition of the cell cycle.

CLN3 knockdown induces cell apoptosis in the A2780 cell
line and its drug-resistant sub-lines. Flow cytometry was used
to determine the effects of CLN3 knockdown on apoptosis in
the A2780, A2780/DDP and A2780/CBP cells. As shown in
Fig. 5, CLN3 knockdown significantly increased (35.55%) the
percentage of apoptotic cells in the A2780 cells, compared with
the control cells. Similarly, apoptotic cells were significantly
increased by transfection with the vector expressing CLN3
shRNA in the A2780/DDP cells, between 11.26+1.05 and
59.17+2.25%, and the A2780/CBP cells, between 13.18+1.50
and 72.11£2.65%.
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Figure 5. Effects of CLN3 knockdown on cell apoptosis in ovarian cancer cells. (A) Percentages of apoptotic cells were evaluated using flow cytometric analysis
with Annexin V-PI staining. (B) Graph of the percentage of apoptotic cells, measured using flow cytometry. The results are expressed as the mean + standard
deviation. "P<0.05 vs. NC. DDP, cisplatin-resistant; CBP, carboplatin-resistant; PI, propidium iodide; NC, negative control; KD, knockdown.
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Figure 6. Effects of CLN3 knockdown on the expression of apoptosis-associated
mRNA inovarian cancer cells, detected using reverse transcription-quantitative
polymerase chain reaction. The results are expressed as the mean + standard
deviation. "P<0.05 vs. NC. DDP, cisplatin-resistant; CBP, carboplatin-resistant;
NC, negative control; KD, knockdown.

CLN3 knockdown enhances the chemosensitivity of ovarian
cancer cells. To assess whether knockdown of CLN3 in
ovarian cancer cells affects their chemosensitivity, the CLN3
shRNA- and control shRNA-transduced cells were treated
with different concentrations of cisplatin or carboplatin, and a
CCK-8 assay was used to determine cell viability. Compared
with cisplatin treatment alone, combined CLN3 shRNA and
cisplatin treatment caused a significant decrease in the IC,
value of the A2780/DDP cells, between 0.469+0.009 and
0.196+0.01 pg/ml. Similarly, in the A2780/CBP cells, the
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Figure 7. Effects of CLN3 knockdown on the expression of apoptosis-asso-
ciated proteins in ovarian cancer cells, detected using western blot analysis.
DDP, cisplatin-resistant; CBP, carboplatin-resistant; NC, negative control;
KD, knockdown.

IC,, in the control shRNA cells was 0.657+0.05 pg/ml, and
decreased significantly to 0.343+0.042 ug/ml in CLN3 shRNA
cells (P<0.05).

CLN3 knockdown affects apoptosis-associated gene expres-
sion in the A2780 cell line and its drug-resistant sub-lines.
The mRNA and protein expression levels of several
apoptosis-associated factors in the A2780, A2780/DDP and
A2780/CBP cells were analyzed using RT-PCR and western
blot analysis, respectively. Compared with the control cells, the
mRNA expression levels of Bax and FAX were significantly
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increased, however, the mRNA expression level of Bcl-2 was
markedly reduced in the CLN3 shRNA-transduced cells
(P<0.05; Fig. 6). The changes in these apoptosis-associated
factors observed using western blot analysis were consistent
with the results of the RT-qPCR (P<0.05; Fig. 7). Additionally,
the protein levels of cleaved-caspase 3, cleaved-caspase 8 and
cleaved-RARP were significantly increased in the CLN3
shRNA transduced cells, compared with the control cells
(P<0.05; Fig. 6).

Discussion

Previous evidence indicates that CLN3 is highly expressed in
ovarian cancer cells, however, the potential role of CLN3 in
ovarian cancer cell growth and drug toxicity remains to be
elucidated (11). In the present study, the expression of CLN3
was examined in the SW626, SK-OV-3, HO-8910, ES-2,
COCl1, A2780, OVCaR-3, HO-8910PM human ovarian cancer
cell lines. Compared with normal ovarian cells, the SW626,
SK-OV-3, HO-8910, COC1, A2780 and OVCaR-3 cells exhib-
ited markedly higher expression levels of CLN3, suggesting
a possible role of CLN3 in the development and progression
of ovarian cancer. To further characterize the role of CLN3
in the chemoresistance of ovarian cancer, a lentivirus-based
RNAI strategy was employed to transiently inhibit the endog-
enous expression of CLN3 in ovarian cancer A2780 cells and
their drug-resistant A2780/DDP and A2780/CBP sub-lines.
RT-gPCR and western blot analysis confirmed that the vector
expressing CLN3 shRNA was able to effectively eliminate the
expression of CLN3 in these cells. Further experiments demon-
strated that CLN3 knockdown in the ovarian cancer cells
significantly inhibited cell proliferation. In addition, flow cyto-
metric analysis revealed that CLN3 knockdown in the A2780,
A2780/DDP and A2780/CBP cells significantly increased the
percentage of cells in the GO/G1 phase, with a concomitant fall
in the percentage of cells in the S phase, indicating GO/GI cell
cycle arrest. These data are consistent with a previous study
by Zhu et al, which reported that CLN3 silencing induces
GO/Gl cell cycle arrest in HCT116 colorectal cancer cells (12).
CLN3 has been previously shown to be an anti-apoptotic
gene in NT2 neuronal precursor cells and several types of
cancer (9,10,13). The present study demonstrated that reduced
expression of CLN3 significantly induced apoptotic cell death
in the A2780, A2780/DDP and A2780/CBP cells. In addition,
CLN3 knockdown caused increases in the levels of Bax, FAX,
cleaved-caspase 3, cleaved-caspase 8 and cleaved-RARP, and
a decrease in the level of Bcl-2. Concordant with these results,
Zhu et al reported that inhibiting of the expression of CLN3
promotes cell apoptosis in HCT116 cells (12). The findings of
the present study, together with previous data, provide further
support for CLN3 as an anti-apoptotic gene in cancer cells.
However, the precise mechanisms by which knockdown of
CLN3 causes cancer cell growth inhibition, cell cycle arrest
and apoptosis require further elucidation.

Currently, resistance to chemotherapy and/or radiotherapy
remains a major obstacle for the successful treatment of
ovarian cancer. CLN3 has been suggested as a potential
molecular target for the development of cancer drugs in the
future (11), however, whether CLN3 contributes to chemoresis-
tance in ovarian cancer cells remains to be elucidated. In the
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present study, A2780/DDP and A2780/CBP cells transduced
with the CLN3 or scramble control were treated with various
concentrations of cisplatin and carboplatin, respectively. It
was observed that CLN3 knockdown significantly decreased
the IC,, in the two types of cell, suggesting that CLN3 inhibi-
tion enhanced chemosensitivity in the drug-resistant ovarian
cancer cells. ATP-binding cassette (ABC) transporters are
a large family of transmembrane proteins, which transport
various substrates across extracellular and intracellular
membranes in an energy-dependent manner (14). In cancer
cells, overexpression of these proteins is frequently associated
with a multidrug resistance (MDR) phenotype (15-18). P-gp, a
glycoprotein encoded by the MDR1 gene, is one of the most
well-characterized ABC transporters, which pumps a variety
of chemotherapeutics across the cell membrane and out of the
cells, thereby contribute to drug resistance (19-21). A study by
Tecedor et al demonstrated that CLN3 is required for normal
trafficking of caveolin-1, syntaxin-6 and MDR1 microdo-
main-associated proteins in brain endothelial cells (22).
Thus, it seems reasonable to suggest that the increased
chemosensitivity in drug-resistant ovarian cancer cells by
CLN3 knockdown may be associated with the decrease in
MDRI-mediated drug resistance. However, further investiga-
tion is required.

In conclusion, the present study demonstrated that knock-
down of CLN3 effectively inhibited cell growth, arrested the
cell cycle at the GO/G1 phase, promoted spontaneous apop-
tosis and enhanced chemosensitivity in drug-resistant ovarian
cancer cells. These findings suggest that CLN3 may serve
as a promising therapeutic target for the future treatment of
ovarian cancer.
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