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Abstract

Purpose Design short hairpin RNA (shRNA) interference

sequence to silence glutathione S-transferase P1 (GSTP1)

gene of androgen-independent prostate cancer cell line

DU145, and then to explore its effect on sensitivity to

chemotherapeutics.

Methods Target sequence was picked up to form the

shRNA. DU145 cell was divided into five groups according

to the shRNA added for transfection: shRNA255,

shRNA554, shRNA593, negative-shRNA and blank group.

Fluorescence microscope was used to pick up the shRNA

with the highest transfection ratio. Western blotting and

RT-PCR were taken to pick up the shRNA with the best

gene silencing result. 3-(4,5-Dimethylthiazol-2-yl)-2,

5-diphenyl tetrazolium bromide assay and terminal de-

oxynucleotidyl transferase-mediated dUTP nick end-

labeling assay were used to detect survival ratio and

apoptosis ratio of DU145 administered of fluorouracil (5-

FU) or paclitaxel (PA) at different concentrations before

and after shRNA transfection.

Results Three different shRNA oligonucleotides

(shRNA255; shRNA554; shRNA593) targeting the coding

sequence of GSTP1 mRNA and one negative control

shRNA were constructed. The transfection ratio of

shRNA554 (76.2 ± 0.68 %) was higher than that of

shRNA255 (63.3 ± 1.04 %) (P \ 0.01) or shRNA593

(72.7 ± 0.33 %) (P \ 0.01). After transfection of

shRNA554, the mRNA and protein of level were the

lowest, P \ 0.01. The survival ratio of DU145 adminis-

tered with 5-FU of different concentrations (30, 60, 120,

240 lg/ml) declined after transfection (P \ 0.01). Besides,

the apoptosis ratio increased after transfection (P \ 0.01).

Similarly the survival ratio of DU145 administered with

PA of different concentrations (0.2, 2, 10, 20 lg/ml)

declined (P \ 0.01) and the apoptosis ratio increased

(P \ 0.01) after transfection.

Conclusions The gene GSTP1 silence via shRNA trans-

fection to androgen-independent prostate cancer cell line

DU145 enhances the sensitivity to chemotherapeutics.

Keywords Prostate cancer cell line DU145 � shRNA �
GSTP1 � Chemotherapeutic sensitivity

Introduction

Prostate cancer (PCa) is now recognized as one of the most

common medical problems facing the male population in

the Western countries. In Europe, the incidence rate of PCa

was 214 cases per 1,000 men in 2004 [1]. There were an

estimated 417,000 new cases of PCa in Europe in 2012 [2].

Furthermore, PCa is currently the second most common

cause of cancer death in male population [3]. Androgen

withdrawal is effective at the beginning because PCa is

androgen dependent, but with progression PCa may

become androgen-independent and resistant to hormone

therapy [4]. Chemotherapy is often given to patients of

hormone-refractory prostate cancer (HRPC) when sec-

ondary hormonal therapy or radiotherapy stops working

[5]. Gene Glutathione S-transferase P1 (GSTP1) codes for

the protein glutathione S-transferases-p (GST-p), which is
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an acidic protein contains two subunits, each subunit is

composed of 209 amino acids and overexpressed in

androgen-independent prostate cancers [6] and closely

related to the tumorigenesis and tumor progression [7].

Research of the gastrointestinal malignant tumor indicated

that GSTP1 participates in the drug resistance, and inhi-

bition of the GSTP1 expression could depress the drug

resistance and induce apoptosis [8]. Li et al. [9] reported

that GSTP1 was upregulated in the stromal compartment of

hormone-independent prostate cancer, which may con-

tribute to chemoresistance of advanced prostate cancer.

Thus, the knockdown of any key gene that can regulate

androgen independence might provide a tool for the HRPC

patients [6]. RNA interference (RNAi), developed by Fire

et al. [10] in 1998, is a gene silencing method which could

inhibit the target gene. In our experiment, the specific short

hairpin RNA (shRNA) interference sequence was designed

to silence GSTP1 and cloned into plasmid as carrier for

transfection to the androgen-independent cell line DU145,

then to investigate the effect of gene silence on the

chemosensitivity of DU145.

Materials and methods

Establishment and screening of shRNA for transfection

GSTP1 shRNA (shRNA255(#A02349), shRNA554

(#A02347), shRNA593(#A02350) and negative-shRNA

(#A02348)) was purchased from GenePharma (Shanghai,

China). Silencer negative control with no significant homology

to any known human genes was used as a negative control

shRNA. The shRNA-annealed oligonucleotides were ligated

into pGPU6/GFP/Neo(GeneSil Biotech, Wuhan, China)

shRNA expression vectors between the BdmHI and HindIII

sites by T4 DNA ligase (TaKaRa, Otsu, Japan). All constructs

were verified by sequence analysis. The target sequences were

shRNA255: 50-GCC CTA CAC CGT GTC TAT TT-30;
shRNA554: 50-GCA AAT ACA TCT CCC TCA TCT-30;
shRNA593: 50-GCA AGG ATG ACT ATG TGA AGG-30;
negative-shRNA: 50-GTT CTC CGA ACG TGT CAC GT-30.

Transfection of DU145 with shRNA plasmids

DU145 were divided into five groups, which were

DU145 ? shRNA255, DU145 ? shRNA554, DU145 ?

shRNA593, DU145 ? negative-shRNA and blank group

(DU145 ? reagents for transfection, without shRNA). DU145

cultured in flask with RPMI1640 (Gibco-BRL, Grand Island,

NY, USA) for 6 days in 5 % CO2 at 37 �C. The medium was

then discarded, and the cells washed twice with phosphate-

buffered saline (PBS) to remove unattached cells. Trypsin was

added at 2 ml per flask, and after 2 min at 37 �C, cells were

seeded (5 9 104 cells/well) on 6-well plates and cultured in

RPMI1640 without antibiotics to achieve greater than 70 %

confluence on the day of transfection. For transfection, 4 lg of

each shRNA expression construct was used per well of a 6-well

plate. Lipofectamine 2000 (Invitrogen Inc. CA, USA) was used

as the transfection reagent at a ratio of 1 lg shRNA:1.5 lL

Lipofectamine, according to the manufacturer’s instructions.

After 20 min of incubation, the complexes were used per well

of DU145 and culture medium. All the designed shRNA

including shRNA255, shRNA554, shRNA593 and negative-

shRNA were transfected, and the transfection efficiency was

compared to pick up the shRNA with the highest transfection

efficiency for the downstream experiment. All the cells were

counted by light microscope, and the fluorescent cells were

counted by fluorescence microscope, transfection

rate = fluorescent cell number/cell number 9 100 %.

RNA isolation and reverse transcription-PCR analysis

Total RNA was isolated from cultured cells 96 h after

transfection using the Trizol reagent (#15596-026, Invitro-

gen Inc. CA, USA). RNA was converted to cDNA using

oligo (dT) primers and cDNA synthesis kit (#FSK-100,

TOYOBO Co., Ltd. Osaka, Japan) according to the manu-

facturer’s instructions. Primers designed for GSTP1 and the

control gene GAPDH were synthesized by Sangon (Shang-

hai, China). GSTP1 primer sequence: F: 50-TCT CCC TCA

TCT ACA CCA AC-30, R: 50-TTG TAG TCA GCG AAG

GAG AT-30, 151 bp. GAPDH : F: 50-ACC ACA GTC CAT

GCC ATC AC-30, R: 50-TCC ACC ACC CTG TTG CTG TA

-30, 450 bp. The primers were purified using polyacrylamide

gel electrophoresis (PAGE). After centrifugalization for

5 min and then 95 �C pre-degeneration for 5 min, the reac-

tion mixture was subjected to polymerase chain reaction in a

thermal cycler (Biometra, UNO-II, Göttingen, Germany).

The amplification products were then subjected to electro-

phoresis and dyeing in ethidium bromide (EB) reflecting the

amount.

Western blotting

DU145 cells were washed twice with PBS and lysed in lysis

buffer (#SJ-200501, RIPA, ProMab. Biotechnologies, Inc.,

CA, USA.). The extracts equally used for each blot were

separated by polyacrylamide gel electrophoresis and trans-

ferred to a nitrocellulose membrane. The following anti-

bodies were used for immunodetection: mouse

GSTP1 antibody (#sc-66000, 1:500, Santa Cruz Biotech-

nology Inc., Santa Cruz, CA, USA) and mouse GAPDH

antibody (#Mab-2005079, 1:8,000, ProMab. Biotechnologies,

Inc., CA, USA.).

1116 Int Urol Nephrol (2014) 46:1115–1121

123



MTT and TUNEL

DU145 cells were divided into four groups according to

the concentration of chemotherapeutics administered with

before and after shRNA transfection. The concentration

of 5-FU was 30, 60, 120, 240 lg/ml and of PA was 0.2,

2, 10, 20 lg/ml. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-

nyl tetrazolium bromide (MTT) assay was used to detect

the survival ratio of DU145. Terminal de-oxynucleotidyl

transferase-mediated dUTP nick end-labeling (TUNEL)

assay was used to detect the apoptosis ratio of DU145.

Statistical analysis

Statistical analyses were performed with SPSS 13.0 soft-

ware (SPSS Inc., Chicago, IL, USA). Student’s t test was

used to test the measurement data, and Chi-square test was

used to test the enumeration data. Results are reported as

mean ± SD. Statistically significant results were accepted

at p value of 0.05.

Results

Screening of the established shRNA

We constructed four shRNA expressing plasmids targeting

the GSTP1 gene (shRNA255, shRNA554, shRNA593 and

negative-shRNA). The transfection efficiency was found

higher in shRNA554 (76.2 ± 0.68 %) than in shRNA225

(63.3 ± 1.04 %) (P \ 0.01) or shRNA593 (72.7 ± 0.33

%) (P \ 0.01). The transfection ratio of negative-shRNA

was 80.1 ± 0.82 % (Fig. 1a–d). After transfection of

shRNA554, the RT-PCR shows that the integral optical

density (IOD) of GSTP1 mRNA was 43.24 ± 4.3, which

was found lower than shRNA255 (128.31 ± 2.5)

Fig. 1 Images of DU145

transfected with different

shRNAs under fluoroscope.

Count the total cell number

under light microscope and the

number of fluorescent cell under

fluoroscope. The transfection

ratio = fluorescent cell number/

total cell number 9 100 %.

a shRNA255 transfection ratio

63.3 ± 1.04 %; b shRNA554

transfection ratio

76.2 ± 0.68 %; c shRNA593

transfection ratio

72.7 ± 0.33 %; d negative-

shRNA transfection ratio

80.1 ± 0.82 %

Fig. 2 Detection of GSTP1 mRNA by RT-PCR assay of DU145

transfected by different shRNAs. GSTP1 (lane 1–5) 151 bp 1

shRNA255: 128.31 ± 2.5; 2 shRNA554: 43.24 ± 4.3; 3 shRNA593:

85.62 ± 6.3; 4 negative-shRNA: 275.91 ± 9.7; 5 blank group:

304.73 ± 11.7. GAPDH (lane 6–10) 450 bp: 6 shRNA255:

642.18 ± 2.4; 7 shRNA554: 636.42 ± 3.5; 8 shRNA593:

638.59 ± 3.3; 9 negative-shRNA: 644.36 ± 2.9; 10 blank group:

630.07 ± 4.1. The best inhibitory effect of shRNA554 on GSTP1 of

DU145 was confirmed in RT-PCR
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(P \ 0.01) and shRNA593 (85.62 ± 6.3) (P \ 0.01). The

difference of GAPDH was insignificant (P [ 0.05)

(Fig. 2). Similarly, after transfection of shRNA554, the

Western blotting shows that the IOD of GSTP1 protein was

65.38 ± 9.3, which was found lower than shRNA255

(163.92 ± 12.4) (P \ 0.01) and shRNA593 (114.25 ±

16.7) (P \ 0.01), while the difference of GAPDH was

insignificant (P [ 0.05) (Fig. 3). The shRNA554 was

chosen for the downstream experiments.

Effect of shRNA transfection on the chemosensitivity

of DU145

The survival rate of DU145, administered with 5-FU or PA

before and after shRNA554 transfection, was measured by

MTT. After transfection, the survival rate decreased sig-

nificantly compared with before transfection administered

with 5-FU (P \ 0.01). With the increase in the concen-

tration of 5-FU, the DU145 survival rate decreased

(P \ 0.01) (Table 1; Fig. 6). The results were similar of

DU145 administered with PA (Table 2; Fig. 6). In TUN-

EL, apoptotic cell was identified if cell nucleus presented

with buffy granules. Apoptosis index (AI) = apoptotic cell

number/total cell number 9 100 %. With the increase in

the concentration of 5-FU, the AI increased (P \ 0.01)

(Fig. 4a–d). After transfection, the AI of DU145 increased

administered with 5-FU (P \ 0.01) (Table 3; Fig. 5a–d).

The results of PA were similar (Table 4).
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Fig. 3 Inhibitory effects of different shRNAs on GSTP1 expression.

GSTP1 (23KD) (lanes 1–5) 1 shRNA255: 163.92 ± 12.4; 2

shRNA554: 65.38 ± 9.3; 3 shRNA593: 114.25 ± 16.7; 4 negative-

shRNA: 245.03 ± 6.3; 5 blank group: 267.16 ± 4.3 GAPDH (37kD)

(lanes 1–5) 1 shRNA255: 478.51 ± 4.2; 2 shRNA554: 466.19 ± 3.6;

3 shRNA593: 469.34 ± 6.7; 4 Negative-shRNA: 470.22 ± 5.9; 5

blank group: 465.76 ± 6.1. The best inhibitory effect of shRNA554

on GSTP1 expression of DU145 was confirmed in Western blotting

Fig. 4 In TUNEL assay, apoptotic cell was identified by buffy

granules in cell nucleus. The images exhibit the apoptosis ratio of

DU145 administered with 5-FU of different concentrations in TUNEL

assay before shRNA554 transfection. a 30 lg/ml, apoptosis ratio

5.5 ± 0.88 %. b 60 lg/ml, apoptosis ratio 10.2 ± 1.64 %. c 120 lg/

ml, apoptosis ratio 15.2 ± 2.39 %. d 240 lg/ml, apoptosis ratio

25.1 ± 2.59 %
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Discussion

The current study was aimed at investigating the potential

as therapy for HRPC of gene GSTP1 silencing in combi-

nation with chemotherapy. In this study, we present a

strategy to silence the GSTP1 gene in DU145 using shRNA

expression plasmids. We first constructed three plasmid-

based expression shRNA, targeting the GSTP1 gene and

transfected to DU145 to test efficacy of the vector by RT-

PCR measurement of mRNA levels, and found that all

constructs demonstrated successful silence of the gene. We

further checked the protein level in DU145 by Western

blotting and found that both results were in agreement.

Repeated experiments indicated that shRNA554 was the

most stable in its gene silencing efficacy and thus chosen

for the further experiments of chemosensitivity altering in

Fig. 5 After shRNA transfection, the apoptosis ratio of DU145

administered with 5-FU of different concentrations in TUNEL assay.

a 30 lg/ml, apoptosis ratio 10.8 ± 0.62 %. b 60 lg/ml, apoptosis

ratio 15.7 ± 1.32 %. c 120 lg/ml, apoptosis ratio 20.4 ± 1.89 %.

d 240 lg/ml, apoptosis ratio 34.9 ± 2.54 %. The apoptosis ratio

increased compared with before transfection

Fig. 6 Inhibitory effect of 5-FU and PA of different concentrations

(lg/ml) on DU145 survival ratio before and after transfection.

*P \ 0.01, compared with before transfection

Table 1 Survival ratio of DU145 administered with 5-FU of different concentrations before and after transfection (n = 3, �x� S)

FU (lg/ml)

30 60 120 240

Before transfection (%) 95.6 ± 2.11 90.2 ± 0.86 83.1 ± 3.12 74.6 ± 1.32

After transfection (%) 91.3 ± 1.43 84.6 ± 2.13 73.2 ± 1.52 65.5 ± 0.94

P value \0.01 \0.01 \0.01 \0.01
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DU145. 5-FU and PA were chose as the chemotherapeutics

administered for DU145. Previous reports have indicated

that docetaxel remains as one of the standard treatments for

HRPC [11]. 5-FU and PA were broad spectrum antitumor

drugs and recently were chosen in many studies of com-

bination with gene therapy or targeted chemotherapy

strategy for HRPC [12, 13]. After transfection of

shRNA554, the survival ratio of DU145 administered with

5-FU or PA declined and the apoptosis ratio increased.

GSTP1 is found overexpressed in many malignant tumors,

which is closely related to carcinogenesis and chemore-

sistance [7]. Mammalian glutathione S-transferases (GSTs)

are now classified into the alpha, mu and pi classes [14].

GST-pi catalyses reduced glutathione combine with anti-

tumor drugs promoting drug discharge, besides regulates

the mitogen-activated protein kinase (MAPK) signal

transduction pathway to affect the cell proliferation and

apoptosis [15]. Overexpression of GST-pi leads to multi-

drug resistance, which suggests that GST-pi active in drug

metabolism. The study of exploring treatment aimed at

GST-pi in cellular experiment such as glutathione analogue

TER199 was reported by O’Brien et al. [16]. Eilers et al.

[17] found the biopsy washing DNA GSTP1 island hy-

permethylation of the promoter sequences as an early event

in human prostate carcinogenesis. Lu et al. [18] reported an

involvement of JNK and p38 activity in the inhibition

effects on apoptosis of GSTP1. Beside GSTP1, other genes

such as clusterin also affect the chemosensitivity of pros-

tate cancers. Sowery et al. [19] has reported that knock-

down of clusterin using the antisense oligonucleotide

OGX-011 re-sensitizes docetaxel-refractory prostate cancer

PC-3 cells to chemotherapy. Beside chemoresistance,

GSTP1 has an important role in adapting prostate cancer

for growth and metastasis involving an alteration in reac-

tive oxygen species (ROS) signal [20].

The current study has its limitation. Cancer is not a

single cell disease [9, 21]. Aberrant cancer cells and their

interactive microenvironment are needed for prostate can-

cer to progress to androgen independence and distant

metastasis. It is highly plausible that newly evolved pros-

tate cancer cell clones dominate cancer metastasis after

cell–cell and cell–matrix interaction with the host micro-

environment, rather than the selection or expansion of a

preexisting prostate cancer cell clone. Mice model of

orthotopic androgen-independent prostate cancer or nude

mice with human prostate cancer cell lines is needed to

identify the chemosensitivity converting mechanism in

androgen-independent prostate cancer. 5-FU is a cell-

cycle-specific chemotherapeutic, and the S phase cell is

sensitive to 5-FU [22]. Thus, the flow cytometry is needed

to check the cell cycle change in DU145 after transfection.

The exact mechanism of interaction between GSTP1

Table 2 Survival ratio of DU145 administered with PA of different concentrations before and after transfection (n = 3, �x� S)

PA (lg/ml)

0.2 2 10 20

Before transfection (%) 98.5 ± 2.34 95.2 ± 1.32 89.4 ± 0.68 82.7 ± 1.73

After transfection (%) 94.2 ± 0.78 86.5 ± 2.13 78.7 ± 1.34 70.1 ± 0.76

P value \0.01 \0.01 \0.01 \0.01

Table 3 Detection of DU145 apoptosis ratio administered with 5-FU (lg/ml) before and after transfection (n = 5, �x ± s)

FU (lg/ml)

30 60 120 240

Before transfection (%) 5.5 ± 0.88 10.2 ± 1.64 15.2 ± 2.39 25.1 ± 2.59

After transfection (%) 10.8 ± 0.62 15.7 ± 1.32 20.4 ± 1.89 34.9 ± 2.54

P value \0.01 \0.01 \0.01 \0.01

Table 4 Detection of DU145 apoptosis ratio administered with PA (lg/ml) before and after transfection (n = 5, �x ± s)

PA (lg/ml)

0.2 2 10 20

Before transfection (%) 2.4 ± 1.07 5.2 ± 1.33 5.2 ± 1.33 20.7 ± 1.92

After transfection (%) 5.46 ± 2.13 13.8 ± 1.24 21.2 ± 2.39 29.2 ± 2.21

P value \0.01 \0.01 \0.01 \0.01
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silence and chemotherapeutics effect augment should be

identified in future.

Conclusions

In this study, we constructed three shRNA target sequences

and demonstrated that silencing of GSTP1 by shRNA in

androgen-independent human prostate cancer cell line

DU145 enhances the chemosensitivity. The current study

supports the concept of local therapy involving shRNA

designed for GSTP1 injected to recurrent tumors in com-

bination with systematic chemotherapy. The present find-

ings provide preclinical proof of testing GSTP1 shRNA in

second-line chemotherapy regimens for patients with

androgen-independent prostate cancer.

Conflicts of interest The authors report no conflicts of interest in
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