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Knockdown of CFTR enhances sensitivity of prostate cancer cells to cisplatin 
via inhibition of autophagy 
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Prostate cancer is one of the most lethal diseases in men worldwide. Although the survival rate of men diagnosed with 
prostate cancer has increased with the improvement of treatments, drug resistance still remains a big challenge for improving 
overall survival. Cystic �brosis transmembrane conductance regulator (CFTR), a cAMP-activated anion channel, has been 
reported to have a pivotal role in the pathogenesis of various cancers, but its role in chemoresistance of prostate cancer cells 
is poorly understood. In our study, we found that CFTR expression was signi�cantly increased in prostate cancer tissues 
associated the chemoresistance, and in the cisplatin-resistant cell line LNCaP/CP compared with their respective parental 
cells. Cisplatin treatment inhibited CFTR expression in a concentration-dependent manner, which was correlated with a de-
crease in cell viability. Moreover, inhibition of CFTR by transfection of small interfering RNA enhanced cisplatin-induced 
the decrease of cell viability. Autophagy was dramatically increased in LNCaP/CP cells, as evidenced by autopaphgic mark-
ers as well as �uorescence microscopy analysis of GFP-LC3, MDC and AO staining. Of note, inhibiting autophagy by 3MA 
induced LNCaP/CP cell apoptosis, showed by MTT assay and Hoechst 33258 staining. In addition, blockade of CFTR also 
inhibited LNCaP/CP cell viability and autophagy. Furthermore, the dephosphorylation of AKT and mTOR was reversed by 
CFTR inhibition, indicating the knockdown of CFTR might inhibit autophagy in LNCaP/CP cells via activation of AKT/
mTOR signaling. Altogether, these results provide a novel understanding of the mechanism for acquired cisplatin. Inhibition 
of CFTR may be a useful strategy to increase the e�cacy of cisplatin to treat prostate cancer by preventing the protective 
response of autophagy.
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Prostate cancer is the most common malignant cancer and 
the 5th leading cause of cancer-related death in males [1]. 
Patients with prostate cancer are currently received surgery, 
radiotherapy, hormone therapy, biotherapy and chemotherapy 
treatments [2]. Notably, chemotherapy is a major therapy for 
prostate cancer, especially for advanced prostate cancer [3]. 
However, the poor response to chemotherapy is still a major 
critical prognostic factor in prostate cancer patients because 
of the progressive development of drug resistance. �e mo-
lecular basis of acquired chemoresistance in prostate cancer is 
poorly understood and continues to be a major complication 
for chemotherapy [4]. �us, it is of importance to understand 
the molecular mechanisms of chemoresistance and improve 
the clinical outcome of prostate cancer patients.

Although previous studies have suggested various mechanisms 
of chemoresistance, autophagy plays a critical role in the develop-

ment of chemoresistance [5-7]. Autophagy is an evolutionarily 
conserved catabolic process that could degrade unnecessary or 
dysfunctional cytoplasmic components via endosomes and lys-
osomes to maintain the cellular energy supply and homeostasis 
[8, 9]. Accumulating evidences have unveiled that autophagy is 
not only related to cell growth, di�erentiation and apoptosis, but 
also associated with the development of various diseases, such as 
metabolic diseases, infectious diseases and cancers [9, 10]. More 
importantly, it has been reported that autophagy acts as a pro-
tective mechanism to promote cancer cell survival and facilitate 
their chemoresistance towards the antineoplastic therapies such 
as cisplatin, doxorubicin and many other drugs [6, 11, 12]. How-
ever, the mechanisms by which cancer cells trigger autophagy and 
subsequently cause chemoresistance are still unclear.

Cystic fibrosis transmembrane conductance regulator 
(CFTR) is a cAMP-activated anion channel expressed in a wide 
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variety of tissues [13]. Mutations or dysregulation of CFTR 
will result in cystic �brosis (CF), a common autosomalreces-
sivedisorder in Caucasian populations [14]. Notably, recently, 
multiple studies have demonstrated that aberrant expression 
or function of CFTR may be also associated with cancer 
incidence [15-17]. A large cohort studies showed a marked 
increase in the risk of digestive tract cancers among CF pa-
tients in the United States [16]. Additionally, another studies 
also revealed an elevated risk of malignancies for the kidney, 
thyroid lymphoma, skin and prostate in CF patients [17-19]. 
Consequently, the association between CFTR and cancer risk 
indicates that CFTR plays a pivotal role in cancer progression. 
However, reports addressing the biological role of CFTR in 
prostate cancer development and drug resistance are limited. 
In this study, we showed that the increased CFTR expression 
may be associated with cisplatin resistance in prostate cancer 
cells. Blockade of CFTR sensitizes prostate cancer cells to 
cisplatin treatment through inhibition of autophagy, suggest-
ing a novel strategy to increase the e�cacy of cisplatin to treat 
prostate cancer.

Patients and methods

Materials and reagents. Fetal bovine serum (FBS), peni-
cillin and streptomycin were purchased from Gibco (Grand 
Island, NY, USA). Cisplatin, acridine orange (AO), monod-
ansylcadaverine (MDC), 3-methyladenine (3MA), 3-3’ 
diaminobenzidine tetrahydrochloride (DAB) and Hoechst 
33258 were obtained from Sigma Aldrich (St. Louis, MO, 
USA).

Patients and specimen preparation. In this study, the 
specimens of tumor tissue were obtained from 40 patients (20 
with chemo-sensitive and 20 with chemo-resistant prostate 
cancer), who had been received histopathologic examination 
and surgical resection at Shanghai Shuguang Hospital. All 
experimental protocols were approved by Shanghai Shuguang 
Hospital and written informed consent was obtained from all 
patients whose specimens were used for this study.

Cell culture. Human prostate cancer cell line LNCaP was 
obtained from American Type Culture Collection (ATCC, 
Rockville, MD, USA) and cultured in RPMI1640 containing 
10% FBS, 100 U/ml penicillin and 100 μg/ml streptomycin 
in a humidi�ed atmosphere of 5% CO

2
 at 37°C. �e cisplatin-

resistant LNCaP (LNCaP /CP) cells were developed from the 
parental LNCaP cells using an intermittent stepwise selection 
protocol as previously described [20, 21].

Immunohistochemistry. The prostate cancer tissues 
were �xed in 10% formaldehyde, and embedded in paraf-
�n. Para�n sections were cut at 5 μm and depara�nized in 
xylene three times for 10 minutes each, and then transferred 
through a series of concentrations of ethanol for rehydration. 
A�er antigen retrieval, the sections were immersed in 1% H

2
O

2
 

for 10 min and incubated with the CFTR antibody (dilution 
1:50, Santa Cruz Biotechnology, Inc., Paso Robles, CA, USA) 
at 4 °C overnight. �e sections were incubated with the biotin-

labeled anti-rabbit antibody (Santa Cruz Biotechnology, Inc.) 
for 1 h at room temperature. DAB was used as the substrate 
for the �nal visualization. �e sections were counterstained 
with hematoxylin and then observed under a light microscope 
(Olympus, Tokyo, Japan). �e intensity of CFTR was visually 
graded by a board-certi�ed pathologist as 0-2 (negative stain-
ing), 3-5 (weak staining), 6-8 (moderate staining) and 9-12 
(strong staining).  A  total of 40 cases (chemo-sensitive and 
chemo–resistant tissues) were scored.

Western blot analysis. Cells were extracted with RIPA lysis 
bu�er (Beyotime, Jiangsu, China) containing protease and 
phosphatase inhibitors (Roche Applied Science, Indianapolis, 
IN, USA). �e protein content was determined by Protein As-
say Kit (Beyotime). Equal amount of protein were separated by 
8% SDS-PAGE and then transferred to polyvinylidene �uoride 
membranes (Bio-Rad, Hercules, CA, USA). �e membranes 
were blocked with 5% non-fat milk and then incubated with 
the following primary antibodies: CFTR (dilution 1:500), 
Beclin-1, Atg5 and GAPDH (dilution 1:1000) (Santa Cruz 
Biotechnology, Inc.); LC-3, p62 (dilution 1:500), p-mTOR, 
mTOR, p-AKT and AKT (dilution 1:1000) (Cell Signaling 
Technology, Danvers, MA, USA). A�er washing with PBS 3 
times, the membranes were further probed with appropriate 
secondary antibodies (peroxidase-conjugated anti-mouse or 
rabbit antibody, dilution 1:1000, Cell Signaling Technology). 
�e signals were visualized by enhanced chemiluminescence 
(GE Healthcare, Princeton, NJ, USA). �e relative band inten-
sity was quanti�ed using the ImageJ so�ware (NIH, Bethesda, 
Maryland, USA).

Quantitative polymerase chain reaction (qPCR). Total 
RNA from LNCaP or LNCaP/CP cells was isolated using 
RNAeasy kit according to the manufacturer’s instructions 
(Qiagen, Valencia, CA, USA). cDNA was synthesized from 
1 µg RNA using High Capacity cDNA Archive Kit (Applied 
Biosystems, Carlsbad, CA, USA). qPCR was performed us-
ing the following primers and SYBR Premix Ex Taq (Takara 
Bio, Inc., Ostu, Japan) in an Applied Biosystems 7500 Real-
Time PCR System. �e primers used for ampli�cation are as 
follows: CFTR sense TAGGAGCTTGAGCCCAGACG and 
antisense AACATCGCCGAAGGGCATTA; 18sRNA sense 
TCCTCTAAATGACCAAGTTTG and antisense GGAA-
GGGRTGTATTTATTAG. All primer sets were run under 
the following cycling conditions: 95°C for 30 sec followed by 
40 cycles of denaturation (95°C for 30 sec, 60°C for 45 sec and 
72°C for 30 sec and annealing and extension (72°C for 1 min). 
�e expression for each gene was calculated using the 2-ΔΔCT 
method and 18srRNA was used as an internal control.

Cell viability assay. Cell viability was determined by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay as previously described [22]. Brie�y, LNCaP 
or LNCaP/CP cells were seeded in 96-well plates at a density 
of 10,000 cells per well. A�er corresponding treatments, cells 
were incubated with MTT at �nal concentration of 500 µg/ml 
for 1 h. Subsequently, the medium was removed and formazan 
formed was dissolved in dimethyl sulfoxide (DMSO). �e ab-
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sorbance was read with a microplate reader (SpectraMax M5 
Molecular Device, Sunnyvale, CA, USA) at 540 nm.

Transfection of small interfering RNA (siRNA). All 
reagents for gene silencing were obtained from Qiagen. �e 
target sequence of the siRNA against human CFTR gene was 
5’TCGATATATTACTGTCCACAA3’. Cells were transfected 
with siRNA for CFTR or a negative siRNA (NS) using Hiper-
fect reagent according to the manufacture’s instructions. A�er 
6 h, the cells were replaced with compete medium for 48 h.

GFP-LC3 transient transfection. Cells were transiently 
transfected with GFP-LC3 vector (a kind gi� from Dr. Runtian 
Liu, the Second Hospital of Hebei Medical University, Hebei, 
China) using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s guidelines. A�er 24 h, 
GFP immuno�uorescence was observed by  a  confocal mi-
croscopy (LSM 5 Pascal Microscope, Carl Zeiss, Oberkochen, 
Germany). 

AO staining. LNCaP or LNCaP/CP cells were seeded in 
6-well plates overnight. A�er washed with PBS three times, 
cells were incubated with 2 mg/ml of AO for 15 min at 37°C. 
Cell were rinsed by PBS three times and immediately inspected 
under a confocal microscopy (excitation, 488 nm; emission, 
640 nm) (LSM 5 Pascal Microscope, Carl Zeiss).

MDC staining. LNCaP or LNCaP/CP cells were cultured in 
6-well plates and permited to attach by overnight incubation. 
Cells were washed three times with PBS and incubated with 1 
mg/ml of MDC for 30 min at 37°C. Autophagic vacuoles with 
MDC staining were observed under by a confocal microscopy 
(excitation, 390 nm; emission, 460 nm) (LSM 5 Pascal Micro-
scope, Carl Zeiss).

Hoechst 33258 staining. �e apoptotic morphology of 
LNCaP and LNCaP/CP cells was examined by Hoechst 33258 
staining. A�er corresponding treatments, cells were �xed in 
4% paraformaldehyde for 1 h at room temperature and then 
were incubated with 10 μg/ml of Hoechst 33258 for 10 min. 
�e morphological changes were observed under a confocal 
microscopy (LSM 5 Pascal Microscope, Carl Zeiss) and the 
percentage of apoptotic cells was quanti�ed with ImageJ 
so�ware.

Statistical analysis. All data were presented as mean±SEM. 
�e regression analysis was determined by the Pearson cor-
relation test. �e Wilcoxon–Mann–Whitney rank sum test was 
used to calculate the statistical signi�cance of immunohisto-
chemistry score between chemo-sensitive and chemo-resistant 
tumor tissues. �e signi�cance between groups was deter-
mined by one-way analysis of variance (ANOVA) or the 
unpaired two-tailed Student’s t test using SPSS 17.0 statistical 
so�ware (SPSS Inc., Chicago, IL, USA). P value less than 0.05 
was considered to be statistically signi�cant.

Results

CFTR expression is correlated with cisplatin-resistance 
in prostate cancer. Figure 1A showed representative photos 
of CFTR expression of chemo-sensitive and chemo-resistant 

prostate cancer tissues by immunohistochemistry staining. 
As shown in Figure 1B, the overall staining of CFTR was 
increased in chemo-resistant prostate cancer tissues, as com-
pared with chemo-sensitive prostate cancer tissues. In accord 
with the results from human tissue samples, higher expres-
sion of CFTR was also found in cisplatin-resistant LNCaP/CP 
cells than in parent LNCaP cells (Figure 1C). Similarly, ex-
pression level of CFTR was further con�rmed by qPCR assay 
(Figure 1D), indicating the changes of CFTR expression may 
be associated the cisplatin resistance in prostate cancer. �us, 
we next investigate the e�ect of cisplatin on CFTR expression. 
Western blot results showed that CFTR protein expression 
was decreased in a concentration-dependent manner a�er 
cisplatin treatment for 24 h (Figure 1E). Moreover, cisplatin 
also decreased LNCaP cell viability in  a  concentration-
dependent manner. Compare with control group, at 5, 10, 20, 
40 μM of cisplatin, cell viability was reduced to 89.2±8.7%, 
78.5±8.3%, 68.7±7.4% and 54.1±6.4%, respectively (Figure 
1F). Interestingly, the regression analysis showed that CFTR 
protein expression was positively correlated with the cell vi-
ability with the correlation coe�cient of 0.868 (Figure 1G), 
further indicating CFTR expression may play an important 
role in the development of cisplatin-resistant prostate can-
cer. We tested this by knocking down CFTR expression in 
LNCaP cells. CFTR siRNA at 10 nM signi�cantly decreased 
endogenous CFTR expression more than 70%. Moreover, no 
signi�cant di�erences were observed between 10 nM and 
20 nM (Figure 1H). �erefore, we chose CFTR at 10 nM for 
48 h  in the following experiments. As displayed in Figure 
1I, CFTR expression was further decreased a�er cisplatin 
treatment in cells transfected with CFTR siRNA. MTT assay 
showed that CFTR knockdown had no e�ects on cell viability 
in LNCaP cells (data not shown). However, inhibition of 
CFTR further enhanced cisplatin-induced the decrease of 
LNCaP cell viability (Figure 1J).

Autophagy is induced in cisplatin-resistant prostate can-
cer cells. To explore the role of autophagy in the development 
of cisplatin-resistant prostate cancer, autophagic evidence 
and markers were examined in LNCaP and LNCaP/CP cells. 
MDC staining (autophagic vacuoles) and AO staining (acidic 
vesicular organelles) showed that autolysosomes were highly 
accumulated in LNCaP/CP cells (Figure 2A and B). Moreover, 
we observed GFP-LC3 punctate dots distribution as a marker 
for autophagosome formation in human prostate cancer cells. 
As shown in Figure 2C, GFP-LC3 transfected LNCaP/CP cells 
also showed a signi�cant accumulation of GFP-LC3 puncta 
when compared with LNCaP cells. To further corroborate 
the results in the �uorescence microscopy analysis, protein 
expression of LC3, Beclin-1, Atg-5 and p62 were determined 
by western blot. �e conversion LC3B-I to LC3B-II was 
enhanced in LNCaP/CP cells, which implies an increase 
of autophagosomes within cells (Figure 2D). Similarly, the 
protein expression of another two autophagic markers, Bec-
lin-1 (also known as Atg6) and Atg5 were also increased in 
LNCaP/CP cells, as compared with LNCaP cells (Figure 2E 
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and F). However, the expression of p62, which accumulated 
in cells with reduced autophagy [23], was remarkably lower 
in LNCaP/CP cells than in LNCaP cells (Figure 2G).

Inhibition of autophagy induces apoptosis in cispl-
atin-resistant prostate cancer cells. Autophagy has been 
suggested to serve as a pro-survival mechanism that facilitates 
cancer cells to resistance therapy-induced cell death [7]. To 
verify this consumption, we �rstly analyzed cell viability in 
LNCaP cells or LNCaP/CP cells in the presence or absence of 
3MA. MTT assay showed that 3MA alone failed to a�ect cell 
viability in LNCaP cells, which 3MA dramatically inhibited 
the increase of cell viability in LNCaP/CP cells (Figure 3A). 
Furthermore, Hoechst 33258 staining was used to examine 

the apoptosis of cells with or without 3MA. Consistently, 
3MA also produced no e�ects on apoptosis in LNCaP cells. 
However, the number of apoptotic LNCaP/CP cells, was 
much more in the group with 3MA treatment than in the 
group without (Figure 3B and C), suggesting that autophagy 
contributes to, at least partially, the cisplatin resistance in 
prostate cancer cells. In addition, to explore the possibility 
whether inhibition of autophagy re-sensitizes LNCaP/CP to 
cisplatin treatment, LNCaP/CP cells were co-incubated with 
3MA and cisplatin for 24 h. �e data showed that LNCaP/CP 
cell viability was slightly decreased a�er cisplatin treatment. 
Importantly, inhibition of autophagy using 3MA resulted 
in a more pronounced decrease of cell viability in LNCaP/CP 

Figure 1. CFTR expression is associated with cisplatin resistance in prostate cancer cells. (A) CFTR expression in chemo-sensitive or chemo-resistant 

prostate cancer tissues was determined immunohistochemistry. Representative images were shown. (B) A box-plot was generated for CFTR immunohis-

tochemistry (IHC) staining score between chemo-sensitive and chemo-resistant tumor tissues. **P<0.01 vs. chemo-sensitive prostate cancer tissues, n=20 

in each group. (C and D) CFTR expression in cisplatin-resistant LNCaP/CP cells and parent LNCaP cells was examined by western blot (C) and qPCR 

(D). **P<0.01 vs. LNCaP cells, n=6. (E) LNCaP cells were incubated with cisplatin at di�erent concentration (5, 10, 20 and 40 μM) for 24 h. Western blot 

assay was used to analyze the e�ect of cisplatin on CFTR protein expression. (F) Cell viability was assessed by MTT assay. (G) Correlation between cell 

viability and CFTR expression was analyzed. (H) LNCaP cells were transfected with negative siRNA (NS) or CFTR siRNA (siCFTR) for 48 h, the infer-

ence e�ect was assessed by western blot. (I) LNCaP cells were transfected with NS or siCFTR (10 nM) for 48 h, followed by incubation of cisplatin (40 

μM) for another 24 h. CFTR expression were examined by western blotting. (J) Cell viability was analyzed by MTT assay. *P<0.05, **P<0.01 vs. control; 

##P<0.01 vs. cisplatin alone, n=6.
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Figure 2. Induction of autophagy cisplatin-resistant prostate cancer cells. (A) Autophagic vacuoles were detected by MDC staining. (B) acidic vesicular 

organelles were observed by AO staining. (C) LNCaP cells or LNCaP/CP cells were transfected with GFP-LC3 vector for 24 h and the formation of GFP-

LC3 puncta was observed under a confocal microscopy. (D-G) �e protein expression of LC3B (D), Beclin-1 (E), Atg5 (F) and p62 (G) were determined 

by western blot. **P<0.01 vs. LNCaP cells, n=6.

cells treated with cisplatin (Figure 3D). Overall, these results 
indicate that cisplatin causes chemoresistance in LNCaP/CP 
via induction of autophagy.

Blockade of CFTR decreases cisplatin resistance via 
suppression of autophagy in prostate cancer cells. Our 
results showed that blockade of CFTR could promote 
cisplatin-induced the decrease of LNCaP cell viability, while 
inhibition of autophagy caused apoptosis in LNCaP/CP cells. 
�erefore, we investigated whether blockade of CFTR can 
attenuate cisplatin resistance via inhibition of autophagy 
induced by cisplatin. Firstly, we analyzed the e�ects of CFTR 
inhibition on cell viability in LNCaP cells and LNCaP/CP 
cells. As shown in Figure 4A, knockdown of CFTR had no 
e�ect on LNCaP cell viability, while LNCaP/CP cell viability 
was signi�cantly inhibited a�er CFTR inhibition. Moreover, 
blockade of CFTR reversed cisplatin resistance-induced the 
accumulation of GFP-LC3 puncta in LNCaP/CP cells (Fig-
ure 4B). In addition, the increase of the ratio of LC3B-II to 
LC3B-I and Beclin-1 in LNCaP/CP cells were abrogated a�er 
CFTR inhibition. Consistently, blockade of CFTR produced 

no e�ects on the accumulation of GFP-LC3 puncta, the ratio 
of LC3B-II to LC3B-I, and Beclin-1 expression in LNCaP 
cells (Figure 4C and D).

Knockdown of CFTR inhibited cisplatin resistance-
induced autophagy through activation of AKT/mTOR 
signaling. AKT/mTOR signaling plays a vital role in nega-
tively regulating autophagic activity [22]. To investigate the 
mechanism by which CFTR inhibition suppresses autophagy 
in cisplatin-resistant LNCaP cells, components of AKT/
mTOR signaling pathway were examined by western blot 
analysis. As shown in Figure 5A, blockade of CFTR did not 
change the phosphorylation of AKT in LNCaP cells. Inter-
estingly, we found that AKT phosphorylation was markedly 
downregulated in LNCaP/CP cells, which was reversed by 
CFTR inhibition. Consistent with the restoration of AKT, the 
phosphorylation of mTOR, an important downstream kinase 
of AKT, was also increased in LNCaP/CP cells (Figure 5B). 
�ese data has con�rmed the involvement of AKT/mTOR 
signaling in CFTR-mediated autophagy in cisplatin resistant 
prostate cancer cells.
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Figure 3. Blockade of autophagy causes apoptosis in cisplatin-resistant prostate cancer cells. (A) Cisplatin-resistant LNCaP/CP cells or parent LNCaP 

cells were treated with or without 3MA (5 mM) for 24 h, cell viability was determined by MTT assay. (B) Apoptosis in LNCaP cells and LNCaP/CP cells 

was analyzed by the use of Hoechst 33258 staining. (C) Apoptotic incidence was quanti�ed with ImageJ so�ware. **P<0.01 vs. LNCaP cells; ##P<0.01 

vs. LNCaP/CP cells alone, n=6. (D) LNCaP/CP cells were co-incubated with 3MA and cisplatin for 24 h, cell viability was determined by MTT assay. 

**P<0.01 vs. control; ##P<0.01 vs. cisplatin treatment alone, n=4.

Figure 4. CFTR decreases cisplatin resistance via inhibition of autophagy. (A) Cisplatin-resistant LNCaP/CP cells or parent LNCaP cells were transfected 

with negative siRNA (NS) or CFTR siRNA (siCFTR) (10 nM) for 48 h,cell viability was determined by MTT assay. (B) A�er the treatment mentioned in 

(A), cells were transfected with GFP-LC3 vector for 24 h and the formation of GFP-LC3 puncta was observed under a confocal microscopy. (C and D) �e 

protein expression of LC3B (C) and Beclin-1 (D) were determined by western blot. **P<0.01 vs. LNCaP cells; ##P<0.01 vs. LNCaP/CP cells alone, n=6.

Discussion

Among many anti-cancer chemotherapeutic agents, cispl-
atin is one of the most chemotherapy which is used to treat 

many solid tumors including breast cancer, prostate cancer 
and non-small cell lung cancer, etc. [3, 24, 25]. However, drug 
resistance is increasing in the development of prostate cancer 
a�er cisplatin treatment [4]. Despite numerous studies are 
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focused to identify an e�ective novel approach to overcome 
cisplatin resistance in prostate cancer cells , the underpinning 
molecular mechanism is still poorly understood. Our current 
study demonstrated for the �rst time that CFTR expression 
was increased in chemo-resistant prostate cancer tissues and 
cisplatin-resistant prostate cancer cells. Moreover, cisplatin 
treatment resulted in  a  decrease in CFTR expression and 
downregulation of CFTR further augmented the cytotoxic 
e�ects of cisplatin in human prostate cancer LNCaP cells, 
suggesting the increased CFTR expression may act as a sur-
vival mechanism to facilitate cisplatin resistance in prostate 
cancer cells.

In the present study, we found that autophagy was induced 
in cisplatin-resistant LNCaP/CP cells but not in parent LNCaP 
cells. �is occurs with discoveries that cisplatin treatment 
can also trigger autophagy in gastric cancer cells, cervical 
cancer cells and squamous cell carcinoma cells [5, 6, 26]. Of 
note, there is a crosstalk between autophagy and apoptosis, 
and the function of autophagy in cancer is controversial and 
intricate. Several previous studies have shown that autophagy 
can trigger autophagic death pathway, which is the predomi-
nant cell death mechanism in response certain chemotherapy 
[27, 28]. On the other hand, many studies have proved that 
autophagy can also protect cells from apoptosis and various 
stress to counteract cell death a�er chemotherapy [6, 7, 11, 
29]. �erefore, autophagy is considered as an important target 
in intervention and treatment of cancers [30], and autophagy-
modulating agents also have been identi�ed as potential 
cancer therapeutic agents [31]. For example, many autophagy 
inhibitors such as hydroxychloroquine, chloroquine and amo-
diaquine, have been widely used for tumor therapy [32-34]. 
Here, we demonstrated that the function of cisplatin-induced 
autophagy is  a  protective mechanism, because inhibition 
autophagy could inhibit cell viability and induced apoptosis 
in cisplatin-resistant LNCaP/CP cells, and re-sensitize them 
to cisplatin treatment. Moreover, CFTR inhibition abolished 
the induction of autophagy in cisplatin-resistant LNCaP/CP 

cells. �ese alterations may provide possible explanation why 
blockade of CFTR can increase chemosensitivity of cisplatin 
in prostate cancer cells.

We next investigated the mechanisms how CFTR mediates 
cisplatin-induced autophagy. It is worth noting that AKT/
mTOR was an important regulator upstream autophagy [22]. 
Activation of AKT can result in phosphorylation of the serine/
threonine kinase mTOR which is a major negative regulator of 
autophagy [27]. Moreover, cisplatin has been found to induce 
protective autophagy through AKT/mTOR signaling pathway 
in glioma cells and �brosarcoma cells [35]. In the line with our 
results in autophagy detection, we found that the phosphoryla-
tion of AKT and mTOR were decreased in cisplatin-resistant 
LNCaP/CP cells. However, blockade of CFTR reversed the 
dephosphorylation of AKT and mTOR. Collectively, our data 
indicate that blockade of CFTR attenuates cisplatin resistance 
by inhibiting autophagy in prostate cancer cells.

In summary, our �ndings showed that CFTR expression 
was increased in chemo-resistant prostate cancer tissues 
or cells, which might contribute to the resistance towards 
chemotherapy. Blockade of CFTR inhibited cell viability and 
autophagy via activation of AKT/mTOR signaling pathway 
in cisplatin-resistant prostate cancer cells, suggesting that 
CFTR knockdown increases chemosensitivity of cisplatin via, 
at least in part, the inhibition of autophagy. �is study has 
uncovered a novel role of CFTR in reducing the chemoresist-
ance acquired towards the cisplatin treatment and provided 
potential therapeutic strategies for the treatment of human 
prostate cancer.
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