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Background: PACE4 is a proprotein convertase capable of processing numerous substrates 

involved in tumor growth, invasion, and metastasis. However, the precise role of PACE4 during 

prostate cancer cell apoptosis has not been reported.

Methods: In the present study, human prostate cancer cell lines DU145, LNCaP, and PC3 were 

transfected with PACE4 small interfering (si)RNA to investigate the underlying mechanisms 

of apoptosis.

Results: We revealed that PACE4 siRNA exhibited antitumor activity by inducing apoptosis, 

as determined by Cell Counting Kit-8 (CCK-8), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-

razolium bromide (MTT) assay, cell cycle analysis, Hoechst staining, caspase-3/7 activity, and 

western blot analysis. In addition, PACE4 siRNA significantly increased the ratio of Bax/Bcl-2, 

which led to the release of cytochrome c. Moreover, PACE4 siRNA also induced endoplasmic 

reticulum stress by increasing the expression of GRP78, GRP94, p-PERK, and p-eIF2α. The 

ratio of Bax/Bcl-2 and GRP78 were also increased in PACE4 gene knockdown prostate cancer 

cells compared with the control cells.

Conclusion: These data demonstrate that PACE4 siRNA may exert its antitumor activity 

through mitochondrial and endoplasmic reticulum stress signaling pathways, indicating it may 

be a novel therapeutic target for prostate cancer.
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Introduction
Prostate cancer (PCa) is now the most commonly diagnosed cancer in men over 

60 years of age, with high incidence rates also found in younger age groups, and is 

the second leading cause of cancer deaths behind lung cancer.1,2 Treatment for PCa 

is still unsatisfactory, with an almost inevitable development of hormone resistance.3 

Even new-generation androgen ablation drugs fail to deliver a life extension beyond 

several months.4 In addition, PCa has shown poor response to chemotherapy, alongside 

unpleasant side effects and reduced quality of life.5 Some studies have shown that PCa 

development involves various molecular mechanisms, but the specific molecular regula-

tory pathways or markers for PCa remain poorly understood so far. Therefore, exploring 

the molecular mechanisms involved in the pathogenesis of PCa and identifying novel 

therapeutic targets or effective agents is very important. Repeated documents have 

reported that cell death signaling may be involved in the occurrence and development 

of PCa, suggesting cell death or proliferation may be the key pathway to treat PCa.6–8

The proprotein convertases (PCs) are a family of enzymes that is responsible 

for the activation of numerous protein precursors. So far, nine different PCs have 

been identified, namely, furin, PACE4, PC1/3, PC2, PC4, PC5/6, PC7, PCSK9, and 
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SKI-1/S1P.9,10 In recent years, the PACE4 has been thought 

to play important roles in cancer development and progres-

sion. It activates several biologically relevant substrates, 

some of which have been shown to play significant roles in 

tissue homeostasis and cancer growth.11–13 Among these are 

numerous metalloproteinases, growth factors, growth factor 

receptors, and adhesion molecules directly associated with 

tumor development.14–16 PACE4 is expressed at low levels 

in many mammalian tissues and has been demonstrated to 

be upregulated in some tumor cell lines, including murine 

squamous cell carcinomas.17 In addition, mice overexpress-

ing PACE4 have been shown to exhibit tumors of increased 

growth rate.18 Longuespée et al19 revealed that PACE4 

could promote cell proliferation in ovarian cancer, provid-

ing further evidence for PACE4 as a potential therapeutic 

target.

Recently, two independent studies showed overexpres-

sion of PACE4 mRNA in PCa tissues.20,21 This overexpres-

sion was correlated with higher circulating protein levels 

in some patients.21 There are no data regarding the possible 

role of PACE4 in the prostate cancer cell apoptosis and the 

potential molecular mechanisms. In the current study, we 

used molecular silencing, with small interfering (si)RNA to 

knock down endogenously expressed PACE4 in three human 

PCa cell lines, DU145, LNCaP, and PC3 cells, and then, 

to test for cell proliferation and an apoptosis response. We 

found that PACE4 siRNA significantly increased apoptosis 

of these cells. The sum of our data confirms that PACE4 

has an important role in PCa cell proliferation and further 

suggests that PACE4 is a potential therapeutic target.

Materials and methods
Reagents and antibodies
Rabbit anti-human cleaved caspase-3, Bcl-2, Bax, Akt, 

GRP78, GRP94, PERK, COXIV, XIAP, survivin antibod-

ies, and mouse anti-GAPDH antibody were purchased from 

Proteintech (Wuhan, People’s Republic of China). Rabbit 

anti-human PACE4 and cytochrome c (cyto c) antibodies 

were purchased from Abcam (Cambridge, UK). Rabbit anti-

human phosphor-Akt (p-Akt), phosphor-PERK (p-PERK), 

eIF2α, and phosphor-eIF2α (p-eIF2α) antibodies were pur-

chased from Cell Signaling Technology, Inc (Danvers, MA, 

USA). Anti-rabbit or mouse immunoglobulin G-horseradish 

peroxidase (IgG-HRP) secondary antibodies were pur-

chased from Proteintech. A Cell Counting Kit-8 (CCK-8) 

and Hoechst 33258 stain were purchased from Beyotime 

(Haimen, People’s Republic of China). Other reagents were 

of analytical grade.

Cell culture and RNA interference
Three human PCa cell lines, DU145, LNCaP, and PC3 

cells, were obtained from American Type Culture Collec-

tion (Manassas, VA, USA). Cells were routinely grown in 

Roswell Park Memorial Institute (RPMI) 1640 medium 

(Hyclone®; Thermo Fisher Scientific Inc, Waltham, MA, 

USA) containing 5% fetal bovine serum (FBS) (Hyclone; 

Thermo Fisher Scientific Inc), 100 U/mL penicillin (Sigma-

Aldrich Corp, St Louis, MO, USA), and 100 μg/mL strep-

tomycin (Sigma-Aldrich Corp) in a humidified atmosphere 

of 5% CO
2
 at 37°C.

Cells were transfected with 100 nM PACE4 siRNA 

(Genbank ID for PACE4: NM_001291309) (sc-43990; 

Santa Cruz Biotechnology Inc, Dallas, TX, USA) or control 

siRNA (scrambled siRNA, a universal negative control), 

using GeneSilencer siRNA Transfection Reagent (Genlantis, 

San Diego, CA, USA), according to the manufacturer’s 

instructions. At 48 hours after transfection, the efficiency 

of siRNA-mediated PACE4 knockdown was determined by 

western blot.

Cell proliferation assay
Cells were seeded into 96-well plates (4×103 cells per well). 

After 24 hours of incubation, cells were transfected with 

PACE4 siRNA or control siRNA for 12, 24, 36, and 48 hours 

as described above, followed by the addition of 10 μL CCK-8 

solution. The cells were then incubated for 4 hours at 37°C. 

The optical density for each well was measured at 450 nm with 

a microculture plate reader (Bio-Rad Laboratories, Hercules, 

CA, USA). The experiments were performed in triplicate.

MTT assay
Cells were cultured in 96-well culture plates and transiently 

transfected PACE4 siRNA and control siRNA. After transfec-

tion, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) was added to each well to a final concentra-

tion of 5 mg/mL in culture medium and incubated at 37°C 

for 4 hours. The reaction was terminated by removal of 

the supernatant and addition of 150 μL dimethyl sulfoxide 

(DMSO) to dissolve the formazan product. The plates were 

read at 405 nm on a microELISA plate reader (Thermo MK3; 

Thermo Fisher Scientific Inc). Each assay was performed at 

least three times.

Cell cycle analysis
Cells were seeded overnight on 60 mm-diameter plates with 

a complete medium, placed in a serum-free medium for 

48 hours to synchronize the cells, and then kept again in the 
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complete medium. At 24 hours, cells were recovered. After 

washing with ice-cold phosphate-buffered saline (PBS), cells 

were suspended in about 0.5 mL of 70% alcohol and kept at 

4°C for 30 minutes. The suspension was filtered through a 

50 mm nylon mesh, and the DNA content of stained nuclei 

was analyzed by a flow cytometer (EPICS XL; Coulter, 

Miami, FL, USA). Cell cycle was analyzed using Multicycle-

DNA Cell Cycle Analyzed Software (FACScan; BD Biosci-

ences, Franklin Lakes, NJ, USA).

Morphological analysis after Hoechst 
33258 staining
Cells were seeded in 24-well plates (5×104 cells per well). 

After 24 hours of incubation, cells were transfected with 

PACE4 siRNA or control siRNA for 48 hours. Then the cells 

were fixed and stained with Hoechst 33258. The apoptotic 

cells were visualized with fluorescence microscope (Leica 

Microsystems, Wetzlar, Germany).

Detection of caspase-3/7 protein activity
Caspase-3/7 activity was measured using a colorimetric 

method following the manufacturer’s instructions (Caspase-

Glo® 3/7 Assay kit; Promega Corp, Fitchburg, WI, USA). 

Briefly, 2×104 cells were seeded in 96-well plates and left 

for 24 hours and then, transfected with PACE4 siRNA or 

control siRNA for another 48 hours. Next, lysate of cells was 

mixed with equilibrated Caspase-glo 3/7 reagents for 1 hour 

at room temperature. Luminescence was measured using a 

GloMax 96 luminometer (Promega Corp).

Preparation of mitochondria and cytosol
A mitochondria/cytosol kit (Beyotime) was used to isolate 

mitochondria and cytosol, according to the manufacture’s 

protocol. After transfection as above, cells (2×107 cells) were 

collected by centrifugation at 800× g for 5 minutes at 4°C, 

washed twice with ice-cold PBS, and then resuspended in 

500 μL of isolation buffer containing protease inhibitors for 

10 minutes, on ice. The cells were mechanically homogenized 

using a Dunce grinder. The unbroken cells, debris, and nuclei 

were discarded by centrifugation at 800× g for 10 minutes 

at 4°C. The supernatants were centrifuged at 12,000× g for 

20 minutes at 4°C. The supernatant cytosol was collected, 

and the pellet fraction of the mitochondria was dissolved in 

50 μL of lysis buffer.

Western blotting
Cells were transfected as described above. Cells were lysed 

in RIPA buffer supplemented with protease inhibitors 

(Complete Mini; F. Hoffman-La Roche Ltd, Basel, 

Switzerland). Protein concentrations were measured using a 

BCA Protein Assay Kit (Dingguo, Beijing, People’s Republic 

of China), and 50 μg of protein samples were separated on 

a 12% sodium dodecyl sulfate polyacrylamide gel electro-

phoresis (SDS–PAGE) and transferred to a polyvinylidene 

difluoride (PVDF) membrane (Merck Millipore, Billerica, 

MA, USA). Before immunodetection, membranes were 

blocked with 5% (wt/vol) bovine serum albumin (BSA) in a 

0.1% Tween-PBS solution. Membranes were then incubated 

with indicated antibodies overnight at 4°C. After washing, 

blots were incubated for 1 hour with HRP-conjugated anti-

rabbit or anti-mouse secondary antibodies. The blots were 

revealed using the ECL Plus detection system (Thermo 

Fisher Scientific Inc) under conditions recommended by 

the manufacturer. Images were captured directly using the 

Gel 3100 chemiluminescent and fluorescent imaging system 

(Sagecreation, Beijing, People’s Republic of China). Relative 

protein expression levels were calculated using the Quantity 

One software (Bio-Rad Laboratories), with normalization to 

the GAPDH signal.

Establishment of PACE4 gene knockdown 
human PCa cell lines
The human DU145, LNCaP, and PC3 cell lines were pur-

chased from American Type Culture Collection. The PACE4 

gene was knocked out from these three types of cells, respec-

tively. The PACE4 gene knockdown cells were synthesized 

and purchased from Sangon Biotechnology, Int. (Shanghai, 

People’s Republic of China). The PACE4 gene knockdown 

cells were routinely grown in RPMI 1640 medium containing 

5% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin 

in a humidified atmosphere of 5% CO
2
 at 37°C.

Statistical analysis
All data were presented as mean ± standard deviation and 

analyzed using Student’s t-test and one-way analysis of 

variance (ANOVA) analysis to determine the levels of sig-

nificance. A P-value less than 0.05 or 0.01 was considered 

statistically significant. Statistical analysis was done with 

SPSS/Win11.0 software (SPSS Inc., Chicago, IL, USA).

Results
Effect of PACE4 on DU145, LNCaP, 
and PC3 cells proliferation
Cells proliferation was examined using CCK-8 following 

transfection with PACE4 siRNA or control siRNA. As 

shown in Figure 1, PACE4 siRNA decreased proliferation 
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of DU145, LNCaP, and PC3 cells as compared with the 

control siRNA group. Furthermore, the cell proliferation at 

48 hours after transfection with PACE4 siRNA was reduced 

significantly as compared with control siRNA.

Furthermore, the cell death was also examined using the 

MTT assay. The result indicated that PACE4 siRNA (at 36 

and 48 hours) significantly increased the cell death rate of 

DU145, LNCaP, and PC3 cells compared with the control 

siRNA group (P,0.05) (Figure S1).

Thus, these data imply that PACE4 siRNA may influence 

cellular proliferation in human PCa cells.

NDRG2 induced the cell cycle arrest  
of PCa cells
To further investigate the mechanisms by which PACE4 

siRNA inhibits PCa cell growth, we studied the effects of 

PACE4 siRNA on the cell cycle using fluorescence-activated 

cell sorting analysis. The results of the cell cycle analysis 

showed that many more PACE4 siRNA-transfected cells 

were in S-phase compared with the control siRNA-transfected 

cells, whereas fewer PACE4 siRNA-transfected cells were 

in G1-phase compared with the control siRNA-transfected 

cells (for all of the DU145, LNCaP, and PC3 PCa cells) 

(P,0.05) (Figure 2).

PACE4 siRNA induces human  
PCa cells apoptosis
In order to assess whether the proliferation inhibition induced 

by PACE4 siRNA in these cells was associated with apop-

tosis, we examined the morphologic changes with Hoechst 

33258 staining (Figure 3). DU145, LNCaP, and PC3 cells 

were transfected with PACE4 siRNA for 48 hours, and the 

apoptotic morphologic changes were observed as compared 

with the control group. In the control siRNA group, the nuclei 

of cells were round and homogeneously stained. However, 

PACE4 siRNA-transfected cells exhibited evident apoptosis 

characteristics, including cell shrinkage and membrane integ-

rity loss or deformation, nuclear fragmentation, and chroma-

tin compaction of late apoptotic appearance (Figure 3B, D, 

and F). The percentage of apoptotic cells was significantly 

increased in the PACE4 siRNA-transfected cells, as com-

pared with the group transfected with the negative control 

siRNA (Figure 3A, C, and E). Together, these data indicate 

that PACE4 siRNA induces apoptosis in human PCa cells.

Figure 1 Proliferation of prostate cancer cells were inhibited by PACE4 siRNA.
Notes: Human prostate cancer cell lines DU145 (A), LNCaP (B), and PC3 (C) were transfected with PACE4 siRNA or control siRNA for the indicated time. Cell 
proliferation was examined by CCK-8 assay. The OD value in each well was read at the wave length of 450 nm on a microtiter plate reader. Data represented mean ± SD 
of OD 450 at 12, 24, 36, and 48 hours of siRNA transfection (each concentration was tested in triplicate) (*P,0.05 and **P,0.01).
Abbreviations: CCK, cell-counting kit; OD, optical density; SD, standard deviation; siRNA, small interfering RNA.
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PACE4 siRNA induces apoptosis via  
the caspase-dependent pathway
Caspase-3 is a critical executioner of apoptosis, and its 

activation is essential for DNA fragmentation and some 

of the typical biochemical and morphological changes of 

cells undergoing apoptosis. So, to evaluate whether or not 

PACE4 siRNA-induced apoptosis is involved with activa-

tion of caspase-3/7, we investigated the caspase-3/7 activity 

by measuring the bioluminescent intensities. The activity of 

caspase-3/7 was significantly activated after PACE4 siRNA 

transfection (Figure 4A, D, and G).

To further assess the role of PACE4 in apoptosis, we 

next evaluated expression of apoptosis-related proteins 

(Figure 4B, E and H). These include proapoptotic cleaved 

caspase-3, antiapoptotic XIAP, p-Akt, and survivin. Western 

blot results indicated that PACE4 siRNA increased the levels 

of cleaved caspase-3 by approximately 2.2-fold (P,0.05) 

in DU145 cells, 2.3-fold (P,0.05) in LNCaP cells, and by 

3.8-fold (P,0.01) in PC3 cells. On the contrary, the levels of 

XIAP, p-Akt, and survivin in DU145, LNCaP, and PC3 cells 

were decreased appropriate 75% (P,0.01, XIAP in DU145), 

60% (P,0.01, XIAP in LNCaP), 70% (P,0.05, XIAP in 

PC3), 50% (P,0.01, p-Akt in DU145), 65% (P,0.01, p-Akt 

in LNCaP), 75% (P,0.01, p-Akt in PC3), and 40% (P,0.01, 

survivin in DU145), 55% (P,0.01, survivin in LNCaP), 60% 

(P,0.05, survivin in PC3), respectively, after PACE4 siRNA 

transfection (Figure 4C, F, and I).

PACE4 siRNA induces apoptosis via  
the mitochondrial apoptotic pathway
In order to better understand the molecular mechanisms 

by which PACE4 siRNA exerts proapoptosis effects, we 

Figure 2 PACE4 siRNA induces cell cycle arrest in prostate cancer cells. 
Notes: (A) Cell cycle detection in DU145 cells in (a) the control siRNA and (b) PACE4 siRNA group, and (c) statistical analysis of the G0/G1, G2M, and S phase cells in the 
two groups. (B) Cell cycle detection in LNCaP cells in (a) the control siRNA and (b) PACE4 siRNA group, and (c) statistical analysis of the G0/G1, G2M, and S phase cells in 
the two groups. (C) Cell cycle detection in PC3 cells in (a) the control siRNA and (b) PACE4 siRNA group, and (c) statistical analysis of the G0/G1, G2M, and S phase cells 
in the two groups. Statistical differences of the value of PACE4 siRNA group compared with control siRNA were illustrated as *P,0.05, **P,0.01.
Abbreviation: siRNA, small interfering RNA.
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Figure 3 PACE4 siRNA significantly increased apoptosis of prostate cancer cells. 
Notes: DU145 (A), LNCaP (C), and PC3 (E) cells were transfected with PACE4 siRNA or control siRNA for 48 hours, then cells were counted ‘‘blindly’’ three times. The 
cells transfected with PACE4 siRNA exhibited higher ratio of apoptotic cells when compared with the control siRNA group (*P,0.05 and **P,0.01). (B, D, and F) After 
48 hours of transfection, cells were incubated with Hoechst 33258 staining buffer. Healthy cells showed round and intact nuclei, whereas apoptotic cells exhibited nuclear 
karyopyknosis or fragmentation, as the arrows show.
Abbreviation: siRNA, small interfering RNA.

followed the protein expression of mediators in the mito-

chondrial signaling pathway. First, we determined whether 

PACE4 siRNA stimulated the release of cyto c into the 

cytosolic fraction in DU145, LNCaP, and PC3 cells. As 

expected, cyto c was redistributed after PACE4 siRNA 

transfection. The level of cyto c in the mitochondria of the 

DU145, LNCaP, and PC3 cells was significantly decreased, 

by 50% (P,0.05), 60% (P,0.01), and 58% (P,0.01), 

respectively. Correspondingly, the level of cyto c in cytosol 

was increased by 2.9-fold (P,0.05), 2.5-fold (P,0.01), and 

2.4-fold (P,0.05), respectively (Figure 5).

Since the Bcl-2 family proteins play a critical role in regu-

lating the release of cyto c, we then investigated the possible 

involvement of Bax and Bcl-2 in the process of PACE4 

siRNA-mediated apoptosis in the cells. As shown in Figure 5, 

the level of Bax was significantly increased, and Bcl-2 was 
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Figure 4 Western blot analysis of apoptotic-related proteins after PACE4 siRNA transfection. 
Notes: (A, D, and G) Relative luminescence expression of caspase-3/7 in DU145 (A), LNCaP (D), and PC3 (G) cells transfected with PACE4 siRNA or control siRNA for 
48 hours. The data represent the mean ± SD of three independent experiments. *P,0.05 compared with the control group. (B, E, and H) Representative western blot images 
from DU145, LNCaP, and PC3 cells, respectively. (C, F, and I) Three such experiments were quantified from B, E, and H by measuring the intensity of apoptotic-related 
proteins relative to the GAPDH (loading) control (*P,0.05 and **P,0.01). The bars indicate mean ± SD (n=3).
Abbreviations: SD, standard deviation; siRNA, small interfering RNA.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5918

Yao et al

Figure 5 Regulation of mediators in the mitochondrial pathway in apoptotic cells by PACE4 siRNA. 
Notes: (A, C, and E) DU145, LNCaP, and PC3 cells were transfected with PACE4 siRNA or control siRNA for 48 hours, and the levels of cyto c in mitochondria (COXIV as 
loading control) and cytosol (GAPDH as loading control) were measured by western blot. PACE4 siRNA inhibited Bcl-2 expression and increased Bax expression, as detected 
by western blot. (B, D, and F) Quantitative analysis of the expression of proteins. The bars indicate mean ± SD (n=3). *P,0.05 and **P,0.01 vs control siRNA group.
Abbreviations: Cyto c, cytochrome c; SD, standard deviation; siRNA, small interfering RNA; vs, versus.
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obviously decreased in PACE4 siRNA-transfected cells. 

Statistical analysis showed that PACE4 siRNA increased 

the ratio of Bax/Bcl-2 by approximately 5.2-fold (P,0.05), 

1.2-fold (P,0.01), and 4.1-fold (P,0.01), respectively, in 

the DU145, LNCaP, and PC3 cells.

PACE4 siRNA induces activation  
of the endoplasmic reticulum  
(ER) stress pathway
There is little information on the effect of PACE4 on ER 

stress in cultured PCa cells. In order to determine whether 

ER stress was induced after PACE4 siRNA transfection, we 

assessed the protein levels of p-PERK and p-eIF2α, which 

are considered signature ER stress markers. As shown in 

Figure 6, compared with control siRNA, the expression of 

p-PERK and p-eIF2α was significantly increased in PACE4 

siRNA-transfected cells, while total PERK and eIF2α were 

not changed. We next examined the expression of GRP78 

andGRP94, which serve as gatekeeper to the activation of 

ER stress transducers. The data in Figure 6 demonstrates 

that the expression of GRP78 and GRP94 by PACE4 siRNA 

transfection dramatically increased, respectively, by 2.1-fold 

(P,0.05) and 3.8-fold (P,0.05) in DU145 cells, by 3.0-

fold (P,0.05) and 2.4-fold (P,0.05) in LNCaP cells, and 

by 3.1-fold (P,0.01) and 1.9-fold (P,0.05) in PC3 cells. 

These results demonstrate that ER stress is partially involved 

in PACE4 siRNA-induced apoptosis.

Apoptosis occurs in PACE4 gene 
knockdown cells via mitochondrial 
apoptotic and ER stress pathway
In order to investigate the effects of the PACE4 gene on the 

apoptosis of PCa cells, we investigated biomarkers of the 

mitochondrial apoptotic pathway (Bcal-2 and Bax) and a 

biomarker of the ER stress pathway (GRP78). The results 

indicated that the Bax/Bcl-2 ratio in PACE4 knockdown cells 

(DU145, LNCaP, and PC3 cells) was significantly increased 

compared with the control group (P,0.05) (Figure 7A 

and B). Furthermore, the GRP78 level was also significantly 

increased in PACE4 knockdown cells compared with the 

control group (P,0.05) (Figure 7C and D).

Discussion
At present, several surgical therapies and effective radiation 

can be offered for the clinical treatment of PCa; however, 

the therapies for PCa are far from satisfactory.22 Therefore, 

the search for new methods of cancer therapy and prognosis 

is a key task for many researchers. PACE4 has already been 

highlighted for its potential role in numerous neoplasias, such 

as oral and tongue carcinoma,23 hepatocellular carcinoma,24 

glioma,25 skin cancer,26 and PCa.20 Whereas these studies 

mostly examined PACE4 overexpression, our present study 

focused on gene silencing as a predictive approach to define 

potential therapeutic benefits. Here, our results indicate that 

PACE4 siRNA inhibits the proliferation of DU145, LNCaP, 

and PC3 cells. Based on the results of Hoechst 33258 stain-

ing, caspase-3/7 activity, and western blotting, we conclude 

that PACE4 siRNA induces apoptosis in PCa cells. Thus, 

the present study constitutes the first evidence that PACE4 

has an antiapoptotic effect in PCa cells.

As a primary executioner caspase in most systems, the 

activation of caspase-3 often results in the irreversible com-

mitment of a cell to apoptosis. Therefore, the activation of 

caspase-3 is considered a reliable marker for cells undergo-

ing apoptosis.27 We found that the activity of caspase-3/7 

was significantly activated after PACE4 siRNA transfection 

(Figure 4A, D, and G). It is documented that a good strategy 

for killing cancer cells is to induce cell apoptosis. Members 

of the IAP family, survivin, and XIAP contribute to apoptosis 

resistance in cancer cells.28 Akt is a promoter of cell prolif-

eration and survival and is found to be overexpressed in the 

tumor formation.29 Our investigation confirmed the role of 

PACE4 in the apoptosis of these cells, based on the follow-

ing lines of evidence: PACE4 siRNA increased the apoptosis 

of cells by regulating the apoptosis-related factors cleaved 

caspase-3, XIAP, p-Akt, and survivin (Figure 4). The inac-

tivation of XIAP, p-Akt, or survivin by PACE4 siRNA may 

prevent the development and progression of cancers.

It has been well-documented that the Bcl-2 family pro-

teins function through different pathways in the regulation 

of cell apoptosis. The Bcl-2 family primarily affects the 

mitochondrial pathways.8 Bcl-2 and its homologs prevent 

mitochondrial membrane disruption and the release of 

cyto c, while Bax promotes these events. The ratio of Bax/

Bcl-2 is usually regarded as a criterion for apoptosis.30 The 

result from this study demonstrated that the level of cyto c in 

mitochondria was significantly decreased and in cytosol, was 

increased (Figure 5). Meanwhile, PACE4 siRNA increased 

the levels of Bax and decreased the level of Bcl-2, leading to 

the changes of the ratio of Bax/Bcl-2 (Figure 5). The results 

indicate that PACE4 siRNA is able to influence mitochon-

drial membrane stability. This was evidenced by increased 

Bax/Bcl-2 ratio and the release of cyto c into the cytoplasm. 

Taken together, these data demonstrate that PACE4 siRNA 

may exert its antitumor activity through the mitochondrial 

signaling pathway in PCa cells.

ER stress is another pathway mediating apoptosis.31 

Repeated documents have recorded that ER stress triggered 
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Figure 6 Effects of PACE4 siRNA on ER stress-associated proteins in prostate cancer cells. 
Notes: (A, C, and E) DU145, LNCaP, and PC3 cells were transfected with PACE4 siRNA or control siRNA for 48 hours before being subjected to protein extraction and 
western blot with the indicated antibodies. (B, D, and F) Three such experiments were quantified from A, C, and E by measuring the intensity of ER stress-related proteins 
relative to the GAPDH (loading control) (*P,0.05 and **P,0.01). The bars indicate mean ± SD (n=3).
Abbreviations: ER, endoplasmic reticulum; SD, standard deviation; siRNA, small interfering RNA.

α
α

α

α

α

α

α

α

α

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2015:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5921

PACE4 regulates prostate cancer cell apoptosis

apoptosis in some types of cells through the PERK-eIF2a 

signaling pathway.32,33 For example, dissociation of GRP78 

from PERK, initiates transphosphorylation and subsequent 

activation of PERK during ER stress,34 and activated PERK 

phosphorylates eIF2a, which is essential for ER stress-

induced apoptosis.35,36 The results from western blotting 

showed that PACE4 siRNA promotes the levels of GRP94, 

GRP78, p-PERK, and p-eIF2α, which are vital features for 

an unfolded protein response (UPR) and mean that PACE4 

siRNA could induce apoptosis through the ER stress signal-

ing pathway (Figure 6).

In recent years, gene therapy has become a hot topic in 

the study of a different diseases.37,38 Previous study has also 

indicated that silencing of the PACE4 gene could trigger the 

apoptosis of other cancer cells, such as, PCa, ovarian cancer, 

breast cancer, etc.39–41 However, the specific mechanism of 

the PACE4 regulation has not been elucidated. For PACE4 

inhibition, pharmacological inhibition has also been 

investigated. Levesque et al42 used the analog AC-[dlEU]

LLLRVK-Amba to inhibit PCa progression in vitro and 

in vivo; however, the side effect of the pharmacological treat-

ment is that it may also damage the normal cells. Therefore, 

our study provided a novel and safe therapeutic strategy 

against PCa progression.

In conclusion, our results suggest that PACE4 siRNA 

possesses the activity of antiproliferation and apoptosis 

induction in human PCa cell lines-DU145, LNCaP, and PC3. 

PACE4 siRNA-induced apoptosis of cells might be mediated 

through the ER stress and mitochondrial pathway. Therefore, 

the PACE4 inhibitor might be used as a potential agent for 

treatment of PCa.
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Supplementary material

Figure S1 Observation of the cell death, using MMT assay. 
Notes: Human prostate cancer cell lines DU145 (A), LNCaP (B), and PC3 (C) were transfected with PACE4 siRNA or control siRNA for the indicated times. Cell 
proliferation was examined by MTT assay. The OD value in each well was read at the wave length of 450 nm on a microtiter plate reader. Data represent mean ± SD of OD 
450 at 12, 24, 36, and 48 hours of siRNA transfection (each concentration was tested in triplicate) (*P,0.05 and **P,0.01).
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD, optical density; SD, standard deviation; siRNA, small interfering RNA.
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