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Abstract. Our previous study demonstrated that short hairpin 
RNA (shRNA) targeting of C‑X‑C chemokine receptor 
type 4 (CXCR4) significantly inhibited cell proliferation, 
metastasis and invasion. On the basis of these results, the 
aim of the present study was to determine the effects of 
shRNA‑CXCR4 silencing on mitogen‑activated protein 
kinase (MAPK) signaling in human SW626 ovarian cancer 
cells. Following silencing the CXCR4 gene with shRNA, the 
mRNA expression of apoptosis signal‑regulating kinase 1 
(ASK1) was determined using the reverse transcription‑quan-
titative polymerase chain reaction, whereas the protein 
expression of extracellular‑signal‑regulated kinase (ERK)1/2 
and phosphorylated (p)‑c‑Jun were determined using immuno-
cytochemistry and western blotting. SW626 cells transfected 
with shRNA‑CXCR4 exhibited significantly increased ASK1 
mRNA expression (P<0.05), significantly increased p‑c‑Jun 
protein expression (P<0.05), and significantly decreased 
ERK1/2 protein expression (P<0.05). Silencing the CXCR4 
gene with shRNA significantly inhibited cell proliferation, 
promoted cell apoptosis and may be mediated by the MAPK 
signaling pathway.

Introduction

As the most malignant type of tumor of the female reproduc-
tive system, ovarian cancer has a marked impact on the health 
of females (1) In total, ~90% of incidences of ovarian cancer 
are epithelial ovarian cancer, and its mortality has ranked first 
among all gynecological cancers due to its hidden incidence 
and rapid progression  (2). RNA interference (RNAi) may 
effectively inhibit cell proliferation, promote cell apoptosis 
and downregulate or silence gene expression; as such, RNAi 
is an attractive prospect in the genetic treatment of cancer. 

Scotton  et  al  (3) revealed that the expression of C‑X‑C 
chemokine receptor type 4 (CXCR4) served an important 
role in the targeted metastasis of ovarian cancer cells. CXCR4 
silencing with RNAi significantly inhibited breast cancer cell 
proliferation and invasion (4). Our previous study confirmed 
that CXCR4‑short hairpin RNA (shRNA) in human SW626 
ovarian cancer cells significantly inhibited CXCR4 mRNA and 
protein expression, and additionally suppressed cell prolifera-
tion, metastasis and invasion (5). Since the mitogen‑activated 
protein kinase (MAPK) signaling pathway serves a key role 
in the regulation of various cell functions, particularly cell 
proliferation, differentiation and apoptosis (6), the aim of the 
present study was to investigate the effects of shRNA‑induced 
CXCR4 silencing in the MAPK signal transduction pathway.

Materials and methods

Materials and reagents. The SW626 human epithelial ovarian 
cancer cell line was purchased from American Type Culture 
Collection (Manassas, VA, USA). Other reagents included 
the oligonucleotide probe for CXCR4, pGenesil plasmid and 
Escherichia  coli DH5α (Wuhan Genesil Biotechnology, 
Wuhan, China); a one‑step plasmid extraction kit (Shanghai 
Sangong Pharmaceutical Co., Ltd., Shanghai, China); TRIzol 
RNA kit [Tiangen Biotech (Beijing) Co., Ltd, Beijing, China]; 
Lipofectamine®  2000 transfection kit (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA); primers for 
apoptosis signal‑regulating kinase 1 (ASK1) and GAPDH 
(Shanghai Sangong Pharmaceutical Co., Ltd.); rabbit 
anti‑extracellular‑signal‑regulated kinase (ERK)1/2 (cat. 
no. 9102) and rabbit anti phosphorylated (p)‑c‑Jun (Ser73) (cat. 
no. 9164s) antibodies (Cell Signaling Technology, Inc., Danvers, 
MA, USA) (dilutions, 1:100); PrimeScript® RT reagent kit 
(Perfect Real Time) and SYBR® Premix Ex Taq™ II (Perfect 
Real Time) (Takara Biotechnology, Co., Ltd., Dalian, China); and 
a diaminobenzidine (DAB) kit (PV‑9000 kit reagents 1 and 2; 
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.).

Cell culture. Cells were cultured in high‑glucose Dulbecco's 
modified Eagle's medium (Hyclone; GE Healthcare Life 
Sciences, Logan, MT, USA) with 10% fetal bovine serum at 
37˚C and 5% CO2, and were digested by 0.25% trypsin or EDTA 
for passaging. Following the adjustment to a proper concentra-
tion, the cells were inoculated into a sterile 6‑well plate.
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Plasmid transformation, extraction and purification. In our 
previous study, we prepared and identified a DH5α strain 
containing the CXCR4 (1+2+3) plasmid with three CXCR4 inter-
ference sequences (CXCR41, 5'‑AAC​CCT​GTT​TCC​GTG​AAG​
A‑3'; CXCR42, 5'‑ACC​ATC​TAC​TCC​ATC​ATC​T‑3'; CXCR43: 
5‑CCT​CTA​TGC​TTT​CCT​TGGA‑3'). Cells were preserved at 
‑80˚C and activated prior to use. Following cell culture and 
transformation, the plasmids were extracted using the one‑step 
kit and preserved for subsequent use.

Transient cell transfection. Transient transfection was 
performed using Lipofectamine®  2000, according to the 
manufacturer's protocol. For transfection, cells were randomly 
divided into three groups: Interference group (SW626 cells 
transfected with the CXCR4‑shRNA vector), empty vector 
group (SW626 cells transfected with the blank control vector 
to exclude the effect of the plasmid vector on the experimental 
results) and the blank control group (untreated SW626 cells). 
The transfection was performed once the cells had reached 
90% confluence in a 6‑well plate, and the transfection effi-
ciency was observed under a fluorescence microscope after 
48 h of culture.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) determination of ASK1 mRNA expression. Total 
RNA extraction, RNA reverse transcription and cDNA 
synthesis were performed using the PrimeScript® RT reagent 
kit, according to the manufacturer's protocol. The 20 µl PCR 
reaction volume contained 2 µl cDNA and 0.8 µl primers 
and used SYBR® Premix Ex Taq™ II. The upstream primer 
sequence for ASK1 was 5'‑CCA​GCG​TCC​TAG​CCA​ATG‑3', 
and the downstream primer sequence was 5'‑CCC​TGA​CAG​
AAG​AGG​CAC​TAA‑3'. The reaction conditions were 95˚C for 
30 sec, 95˚C for 5 sec and 60˚C for 30 sec for a total of 40 cycles, 
and the fluorescent signal from the device was automatically 
collected. Quantification and normalization was achieved using 
the 2‑ΔΔCq method (7). At the end of the final cycle, the melting 
curve was generated to verify the PCR product specificity.

Immunocytochemical determination of ERK1/2 and p‑c‑Jun 
protein expression. At 48  h after transfection, cells were 
collected and fixed with 3% paraformaldehyde (20 min), incu-
bated with 0.5% Triton X‑100 at room temperature for 20 min, 
blocked with 5% bovine serum albumin at 4˚C for 20 min, 
incubated with primary antibody (against ERK1/2 or p‑c‑Jun; 
1:50) at 4˚C overnight, incubated with secondary antibody at 

room temperature on the second day for 1 h, washed with PBS 
three times, stained with DAB, mounted with 2% Mowiol, 
observed and images were captured under a microdissec-
tion light microscope (Leica Microsystems GmbH, Wetzlar, 
Germany). Image‑Pro Plus software (version 6.0) was used to 
analyze the mean optical density (MOD), which was calcu-
lated as MOD=(summarized integrated optical density)/area 
and the results are presented as the mean ± standard deviation.

Western blot determination of ERK1/2 and p‑c‑Jun protein 
expression. At 48  h after transfection, the cells were 
collected and lysed on ice by the phenylmethylsulfonyl 
fluoride‑containing radioimmunoprecipitation solution, and 
50 µg protein samples were quantified using a bicinchoninic 
acid kit and separated by SDS‑PAGE (10% gel). The proteins 
were then transferred onto a nitrocellulose membrane, blocked 
with 5% skimmed milk at room temperature for 1 h, incubated 
with the primary antibody at 4˚C overnight, washed with 
0.05% Tris‑buffered saline (TBS), incubated with secondary 
antibody at 37˚C for 1 h, washed by 0.05% TBS again, and 
stained by DAB. The experiment was repeated three times, 
and the gray value ratio between band ERK1/2 or p‑c‑Jun and 
the internal reference (β‑actin) was considered the relative 
protein expression level. Each experiment was repeated for 
three times.

Statistical analysis. SPSS software (version 13.0; SPSS, Inc., 
Chicago, IL, USA) was used for the statistical analysis. Data 
were tested by one‑way analysis of variance, and two‑group 
comparisons were made using the least significant differences 
method. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Transient transfection efficiency of CXCR4‑shRNA. The 
present study successfully obtained CXCR4‑shRNA‑containing 
SW626 cells using cationic liposome‑mediated transfection, 
and the transfection efficiency was <80% (Fig. 1).

Effect of CXCR4‑shRNA on ASK1 mRNA expression. 
Following cell transfection, ASK1 mRNA expression was 
determined by the ABI PRISM® 7300 amplification system. 
As summarized in Table I, the ASK1 mRNA expression in 
the interference group was significantly different compared 
with that in the blank control and empty vector groups, and 

Figure 1. Transfection efficiency of C‑X‑C chemokine receptor type 4‑short hairpin RNA in human SW626 ovarian cancer cells. (A) Blank control, (B) empty 
vector group, and (C) interference group.
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the ΔCq value of the interference group was also signifi-
cantly different compared with those of the other two groups 
(P<0.001). However, no significant difference was observed 
between the blank control and the empty vector group 
(P>0.05).

Effect of CXCR4‑shRNA transfection on ERK1/2 protein 
expression. Immunocytochemistry and western blotting 
demonstrated that compared with the blank control and empty 
vector groups, SW626 cells transfected with CXCR4‑shRNA 
exhibited significantly decreased ERK1/2 protein expres-
sion levels (P<0.05), whereas no significant difference was 
observed between the blank control and empty vector groups 
(P>0.05) (Table II; Figs. 2 and 3).

Effect of CXCR4‑shRNA transfection on p‑c‑Jun protein 
expression. Immunocytochemistry and western blotting 
identified that, compared with the blank control and empty 
vector group, SW626 cells transfected with CXCR4‑shRNA 
exhibited significantly increased p‑c‑Jun protein expression 
levels (P<0.01), whereas no significant difference was identi-
fied between the blank control and the empty vector group 
(P>0.05) (Table III; Figs. 4 and 5).

Discussion

MAPK is a serine/threonine protein kinase that participates 
in one of the most important types of signal transduction 
pathways in eukaryotes, and serves a key role in regulating 
gene expression and cytoplasmic function (8). The MAPK 
signaling pathway primarily includes ERKs, c‑Jun N‑terminal 

kinases (JNKs) and p38 MAPK (9). The MAPK signaling 
pathway is involved in the regulation of various cell functions, 
particularly cell proliferation, differentiation and apoptosis (6). 
A previous study identified that, compared with normal 
ovarian tissues and benign ovarian lesions, MAPK activity 
in ovarian cancer tissues was significantly increased  (10). 
Hayakawa et al (11) demonstrated that the MAPK was in a 
continuous activating status in ovarian cancer cells, and addi-
tional phosphorylation antibody detection of upstream kinase 
dual‑specificity mitogen‑activated protein kinase kinase 1 and 
RAF proto‑oncogene serine/threonine‑protein kinase (RAF)1 
illustrated that MAPK activation was associated with upstream 
kinase activation. Inhibiting ERK1/2 activity with MAPK 

Table I. Expression of ASK1 mRNA following C‑X‑C chemokine receptor type 4‑short hairpin RNA transfection.

Gene	 Group	 Cq	 ΔCq	 ΔΔCq	 P‑value

ASK1	 Blank control	 32.0329±0.8002	 15.5343	 0	
	 Empty vector	 31.5086±1.31723	 15.1	‑ 0.4343	 0.447a

	 Interference	 29.4300±0.4452	 12.1329	‑ 3.4017	 0.000b

GAPDH	 Blank control	 16.4986±0.4831			 
	 Empty vector	 16.4086±0.4938			 
	 Interference	 17.2971±0.2880			 

ASK1, apoptosis signal‑regulating kinase 1; aP>0.05, empty vector vs. blank control; bP<0.001, interference vs. blank control and empty vector.

Figure 2. Immunocytochemical determination of ERK1/2 protein expression 
at 48 h after transfection. (A) Blank control, (B) empty vector group, and 
(C) interference group). Magnification, x100. Lane 1, 2 and 3 represent blank 
control, empty vector and interference groups, respectively, in the SW626 
cell line. ERK1/2, extracellular‑signal‑regulated kinase 1/2.

Table II. Immunocytochemical determination of extracellular 
signal‑regulated kinase 1/2 protein expression 48  h 
post‑transfection.

Group	 Mean optical density 	 P‑value

Blank control	 71.2117±19.9886	 0.368a

Empty vector	 63.8878±2.3245	 0.001b

Interference 	 27.0500±7.3917	 <0.001c

aP>0.05, empty vector vs. blank control; bP<0.01, interference 
vs. empty vector; cP<0.001, interference and blank control.
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blockers promoted the apoptosis of ovarian cancer cells, which 
additionally elevated cellular sensitivity to chemotherapy. The 
MAPK pathway realizes signal transduction via the continuous 
phosphorylation of MAPK kinase kinase (MAPKKK), MAPK 
kinase (MAPKK), and MAPK (12). Previous studies identi-
fied a number of MAPK pathways and various extracellular 
stimulators, including cytokines, G‑protein‑coupled receptors, 
stress signals and mitogens, may all activate various MAPK 
signaling transduction types. As the primary signal proteins 
involved in the MAPK pathway, ERK1/2, JNK and p38MAPK 
exert various biological effects  (13). ERK1/2 activation is 
primarily associated with cell proliferation, whereas JNK and 
p38 primarily regulate cellular apoptosis.

The ERK1/2 pathway, the earliest identified Ras‑RAF‑MAPK 
signaling pathway (14), may be activated by a variety of growth 
factors or cytokines and regulates cell proliferation and differ-
entiation, so regulating ERK activation serves a significant role 
in the occurrence and progression of cell proliferation (15). A 
previous study revealed that, upon extracellular stimulation, 
ERK is a key factor in determining whether a cell undergoes 
end‑stage differentiation or apoptosis  (16). ERK activation 
relies on signals passing from the cell‑surface receptor to the 
nucleus via GTPase Ras, RAF1, serine/threonine kinase and 
MAPK/ERK kinase dual‑specificity kinases  (16). Another 
study indicated that CXCR3 may promote the metastasis of 
SKOV3 ovarian cancer cells via the ERK1/2 pathway, which 
was inhibited following ERK1/2 blockage with PD98059 (17). 
Tarcic and Yarden (18) suggested that the epidermal growth 

factor receptor (EGFR) protein may promote cell proliferation 
via activating the ERK1/2 signal pathway. In the present study, 
the effects of CXCR4‑shRNA on ERK1/2 signaling in ovarian 
cancer cells were additionally investigated, and it was demon-
strated that cells transfected with CXCR4‑shRNA exhibited 
significantly decreased expression levels of ERK1/2, whereas 
no significant difference was identified between the empty 
vector group and the blank control. These results indicate that 
CXCR4‑shRNA may decrease ERK1/2 protein expression 
and that such inhibition may be achieved by regulating EGFR 
expression to promote cancer cell apoptosis.

Figure 5. Western blotting determination of phosphorylated c‑Jun protein 
expression at 48 h after transfection. *P>0.05, empty vector vs. blank control; 
**P<0.001, interference vs. blank control and empty vector. Lanes 1, 2 and 3 
represent blank control, empty vector and interference groups, respectively, 
in the SW626 cell line.

Figure 4. Immunocytochemical determination of phosphorylated c‑Jun 
protein expression at 48  h following transfection. (A)  Blank control, 
(B) empty vector group, and (C) interference group.

Table III. Immunocytochemical determination of phosphory-
lated c‑Jun protein expression at 48 h after transfection.

Group 	 Mean optical density 	 P‑value

Blank control 	 34.9507±2.3619	
Empty vector	 37.2107±2.8655	 0.253a

Interference 	 57.0649±3.5716	 <0.001b

aP>0.05, empty vector vs. blank control; bP<0.001, interference 
vs. blank control and empty vector.

Figure 3. Western blot determination of ERK1/2 protein expression at 
48 h after transfection (P<0.01 vs. the interference group). ERK1/2, extra-
cellular‑signal‑regulated kinase 1/2. *P>0.05, empty vector vs. lank control; 
**P<0.001, interference vs. blank control and empty vector.
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ASK1 is a member of the MAPKKK family that performs 
significant functions in regulating cell apoptosis and differ-
entiation, and in the immune response (19,20). In the MAPK 
signaling pathway, ASK1 is located upstream of JNK and 
p38; as such, once it is activated, it may activate MAPKK 
and additionally JNK and p38, thereby causing cell apop-
tosis via mitochondria‑associated caspase‑3 (21). In normal 
cells, ASK1 activation is strictly controlled by the phos-
phorylation/dephosphorylation of threonine/serine or other 
protein‑protein interactions. In breast cancer, increased ASK1 
expression induced cell apoptosis (22), and subsequent experi-
ments in human osteosarcoma cells additionally confirmed 
that the apoptosis‑inducing factors exert their antitumor 
function through the proto‑oncogene tyrosine‑protein kinase 
reactive oxygen species/ASK1 pathway (23). The present study 
revealed that CXCR4‑shRNA‑transfected ovarian cancer cells 
exhibited significantly increased ASK1 mRNA expression; 
therefore, it is hypothesized that the transfection process 
activated ASK1 and c‑Jun, thereby inducing the apoptosis of 
cancer cells.

The oncogene c‑Jun encodes the Jun C protein, which 
may form homodimers with Jun B or Jun D, or even heterodi-
mers with proteins from the Fos family. The homodimer or 
heterodimer formed by c‑Jun or c‑Fos proteins is termed 
activator protein 1. The expression of c‑Jun is regulated by a 
complex process that primarily involves JNK as a regulator, 
and transforming growth factor‑β, bone morphogenetic 
proteins, hypoxia factors and oxidative stress as stimulators; 
c‑Jun activation serves significant roles in cell proliferation, 
apoptosis, the stress response and tumor development (24,25). 
The present study demonstrated that CXCR4‑shRNA 
transfection increased p‑c‑Jun expression in ovarian cancer 
cells, indicating that CXCR4‑shRNA may induce cancer cell 
apoptosis by regulating EGFR‑mediated p‑c‑Jun expression.

The results of the present study suggest that silencing 
the CXCR4 gene with shRNA inhibited proliferation and 
promoted apoptosis of epithelial ovarian cancer cells, and it 
was hypothesized that this was achieved via MAPK signaling, 
as decreased MAPK pathway activity was observed. These 
data provide a novel theoretical basis for investigating the 
mechanism by which CXCR4‑shRNA promotes cell apop-
tosis, and lay a concrete foundation for use of the CXCR4 gene 
as a therapy target in the treatment of ovarian cancer.
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