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Potential role of CXCR3 in proliferation
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Abstract: Aim: To investigate the potential role of CXCR3 expression on prostate cancer cell proliferation and inva-
sion and to illustrate its mechanism. Methods: Human PC-3 cells were transfected with siRNA-CXCR3A and siRNA-
CXCR3B plasmids respectively. The mRNA expressions of CXCR3A and CXCR3B in PC-3 cells from each group were
analyzed using RT-PCR. Besides, cell proliferation ability and cell invasion ability of PC-3 cells in each group were
analyzed using MTT assay and Matrige assay respectively. Additionally, expressions of CXCR3 downstream proteins
were detected using Western blotting. Results: mRNA level of CXCR3A was decreased while CXCR3B mRNA level
was increased in PC-3 cells (P<0.05). Compared with the controls, down-regulation of CXCR3A but up-regulation of
CXCR3B significantly inhibited PC-3 cell proliferation and cell invasion ability (P<0.05). Besides, aberrant CXCR3
expression significantly increased expressions of phospholipase C (PLCB), matrix metallo proteinase (MMP-1), and
MMP-3 except MMP-7 in PC-3 cells (P<0.05). Conclusion: The data presented in our study suggested that aberrant
CXCR3 expression may play crucial roles in suppressing PC metastasis via inhibiting cell proliferation and invasion

ability through the PCLJ signaling pathway.
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Introduction

Prostate cancer (PC) is a worldwide life threat-
ening disorder in male, which accounts for 27%
of incident cases in male from year to year [1].
The main treatments methods on PC including
surgery, radiotherapy, low temperature opera-
tion, chemotherapy, and endocrine therapy [2,
3]. However, the mortality and morbidity for PC
still remain high due to its hard detection
because of the complicate pathologic stage
and easy metastasis [4, 5]. Therefore, to
explore several key targets for the diagnosis in
early stage and treatment of PC in clinical will
be necessary.

Chemokines are some soluble proteins that
bind with homology G protein receptors, and
then activate the subunit PLC of G protein and
PI3K for starting the signal pathway in bodies
[6]. Recent evidences have demonstrated that
chemokines play pivotal roles in cancer devel-
opment, progression and metastasis. For
example, overexpression of CXCL13 is corre-
lated to breast cancer and may be a diagnostic

marker in this malignancy [7]. Also, CCL5 can
be secreted by CD4+ T cells in gastric cancer
and resulted in cancer progression [8], and
Obermaijer et al. reported that productions of
CXCL12 and CXCR4 could regulate the accumu-
lation of human ovarian cancer [9, 10].

There are four types of chemokines based on
the position of N-cysteine residues, such as
CXC, CC, CX3C, and C type [11]. CXC chemokine
play crucial roles in repairing inflammatory
response, formation of blood vessel, and migra-
tion inflammatory nidus to leukocytes through
combining with receptors of neutrophils, lym-
phocytes, endothelial cells and epithelial cells
[12, 13]. Papers have referred that CXCR3 was
the common receptor for chemokines including
CXCL4, CXCR9, and CXCR10, which produced
by tumor cells, epithelial cells, and fibroblasts
[14, 15]. On the other hand, increasing re-
searches have reported that CXCR3 played key
roles in cancer metastasis and progression. For
instance, Walser et al. proved that CXCR3 per-
formed an inhibition role in lung cancer metas-
tasis in a murine model of metastatic breast
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cancer [16]. As is known, chemokine CXCR3
has three variants including CXCR3A, CXCR3B,
and CXCR3alt, which could mediate suppress-
ing tumor vessels formation [17]. Furuya and
his colleagues analyzed the expressions of vari-
ants of CXCR3 in ovarian cancer cells and
proved their different roles in tumor metastasis
and development [18]. CXCR3A has been
reported to be associated with tumor cell prolif-
eration [19], while CXCR3B is correlated with
inhibiting cell migration and inducing cell apop-
tosis [20]. Besides, clinical evidence showed
that abnormal expression of CXCR3 could regu-
late the PC cell migration and invasion [21].
Despite several articles have reported the
association between CXCR3 expression and
tumor migration, the role and mechanism of
CXCR3 in PC cell proliferation and metastasis
still remain incomplete described.

In this present study, we specific down-regulat-
ing the CXCR3 expression in PC-3 cell line
based on siRNA slicing method. Comprehensive
experimental methods were used to analyze
the effects of variants CXCR3A and CXCR3B on
PC-3 cell proliferation, invasion and migration
abilities. This study aimed to investigate the
role of CXCR3 and its potential mechanism in
PC progression and metastasis.

Materials and methods
Cell culture and cell proliferation

Human prostate cancer PC-3 cell line (pur-
chased from Invitrogen, USA) was cultured in
F12K medium mixed with 10% fetal bovine
serum (FBS). siRNA plasmids of CXCR3A and
CXCR3B (Invitrogen, USA) were mixed with
serum-free medium. PC-3 cells were transfect-
ed into 6-well plates and cultured at 37°C in an
atmosphere of 5% CO,. After being cultured for
4 h, PC-3 cells (1x10° cells/well) were mixed
with 500 ng of CXCR3A and CXCR3B plasmids
respectively, and then cultured at 37°C for 48
h. PC-3 cells transfected without siRNA plasmid
or with disorder sequence siRNA plasmid were
considered as the controls.

qRT-PCR

PC-3 cells in different groups collected at 48 h
were grinded in liquid nitrogen and then washed
with PBS buffer (PH 7.4) for 3 times. Total RNA
from PC-3 cells was extracted using Trizol
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extraction reagent (Invitrogen, USA) as previ-
ously described [22]. Then, RNase-free Dnase |
(Promega, Biotech) was added into mixtures to
remove DNA. The concentration and purity of
extracted RNA was detected using SMA4000
UV-VIS (Merinton, Shanghai, China) at 260 nm.
The purified RNA of 0.5 ug/uL was used for
cDNA synthesis with the PrimerScript 1st
Strand cDNA Synthesis Kit (Invitrogen, USA).
Primers used for targets amplification were as
follows: CXCR3: sense, 5-TTCATGCCACCCAGC-
TCTAC-3’; antisense, 5-TGAGGTCTCAGACCAG-
GATGA-3’; CXCR3B sense: 5-GACAGTTATAGG-
AGGAGCTGCTC-3’; antisense: 5-CAGTGTCAGC-
ACCAGCAGC-3'. Expression was detected using
Applied Biosystems TagMan Gene Expression
Assay. The total reaction system of 20 uL vol-
ume containing 1 yL cDNA from the above PCR,
10 uL SYBR Premix EX Taq, 1 yL each of the
primers (10 uM), and 7 pL ddH,0O. PCR reaction
was carried out at 50°C for 2 min, 95°C for 10
min followed by 40 cycles of 95°C for 15 s and
60°C for 1 min. Melting curve analysis of ampli-
fication products was performed at the end of
each PCR to confirm that only one product was
amplified and detected. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used
as the internal control.

MTT assay

PC-3 cells transfected with different siRNA vec-
tors at logarithmic stage were cultured in
DMEM medium supplemented with 10% FBS.
Cells were adjusted to 5x102 cells for injection
into the 96-well plates. After being cultured for
24 h, cells were centrifuged at 12,000 rpm,
and then supernatant was removed. Followed
with addition into 20 yL MTT and then cultur-
ed for 4 h. Finally, 150 pL dimethylsulfoxide
(DMSO) was used to mix with the cells for 10
min. Absorbance of cells in each well was
observed at 570 nm under an absorption spe-
ctrophotometer (Olympus, Japan). All experi-
ments were conducted independently for 3
times.

Cell invasion assay

After being transfected for 48 h, PC-3 cells in
each group were culture in serum-free F12K
medium (Invitrogen, USA) supplemented with
0.2% bull serum albumin (BSA, Sigma, USA) for
24 h. The upper layer was enveloped with
serum-free F12K medium mixed with 0.2% BSA
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Figure 1. RT-PCR analysis of CXCR3 expression in PC-3 cell line. A: Expression of CXCR3A and CXCR3B in PC-3 cells
when CXCR3A was down-regulated by siRNA-CXCR3A; B: Expression of CXCR3A and CXCR3B in PC-3 cells when

CXCR3B was down-regulated by siRNA-CXCR3B. *: P<0.05.

while the lower layer was enveloped by F12K
medium supplemented with 10% FBS. Transwell
treated with 50 mg/L Matrigel (BD, USA) was
put into the 24-well plates and then cultured in
DMEM medium supplemented with 10% FBS
for 48 h while PC-3 cells were cultivated with
serum-free DMEM medium in Transwell. PC-3
cells in control group were cultivated in
Transwell that treated without Matrigel with the
same condition. After being cultured for 48 h,
Transwell in each group was washed with PBS
buffer to remove cells on upper layer, followed
with fixed in ice-cold alcohol. After that, mem-
brane was stained with 0.1% crystal violet for
30 min, and then decolorated with 33% acetic
acid. The absorbance of eluents was observed
at OD 570 nm with a microplate reader (Biotech,
USA). All experiments were conducted indepen-
dently for 3 times.

Western blotting analysis

PC-3 cells cultured at 48 h in each group were
lapped in radioimmunoprecipitation assay
(RIPA, Sangon Biotech) lysate containing
phenylmethanesufonyl fluoride (PMSF), and
then were centrifuged at 12,000 rpm for 5 min
at 4°C. Supernatant was collected to measure
the concentrations of proteins using bicincho-
ninic acid (BCA) protein assay kit (Pierce,
Rochford, IL).
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After that, a total of 30ug protein per cell lysate
was subjected to a 12% sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PA-
GE), and then transferred onto a polyviny-
lidencefluoride (PVDF) membrane (Mippore).
The membrane was blocked in Tris buffered
saline Tween (TBST) mixed with 5% non-fat milk
for 1 h, and subsequently incubated with rabbit
anti-human antibodies (Caspase-3, Bcl-XL,
Cytc, 1:100 dilution, Invitrogen, USA) overnight
at 4°C, followed with incubated with hoserad-
ish peroxidase labeled goat anti-rat secondary
antibody (1:1000 dilution) at room temperature
for 1 h. After that, PVDF was washed with
1xTBST buffer for 10 min with 3 times. Finally,
detection was performed using the develop-
ment of X-ray after chromogenic substrate with
an enhanced CEL (chemiluminescence) meth-
od. In addition, B-actin (Sigma, USA) served as
the internal control.

Statistical analysis

All data were expressed as mean * standard
error of mean (SEM). Independent sample t-test
was used to calculate the difference between
two groups using the graph prism 5.0 software
(GraphPad Prism, San Diego, CA). Post-hoc
Tukey-test was used to calculate the difference
among groups. The P<0.05 was defined as sta-
tistically significant.
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Figure 2. MTT assay on cell proliferation ability. The
cell ability of PC-3 cells at O h was considered as rela-
tive 1, cell proliferation ability was analyzed at 24 h.
*: P<0.05.
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Figure 3. Invasion analysis of PC-3 cells in four
groups. *: compared with the Blank group, P<0.05.

Results
MRNA expression of CXCR3 in PC-3 cell line

The mRNA expression of CXCR3A or CXCR3B
was analyzed using RT-PCR analysis (Figure 1).
There was no significant difference of CXCR3A
mRNA level between Blank and Control group,
but when CXCR3A level was significantly down-
regulated by siRNA-CXCR3A in CXCR3A group,
CXCR3B level would significantly increase in
CXCR3B group compared with the two control
groups (P<0.05) (Figure 1A). Otherwise, when
CXCR3B level was significantly down-regulated
by siRNA-CXCR3B, the mRNA level of CXCR3A
would significantly increase compared with the
negative or positive controls (P<0.05) (Figure
1B). Interestingly, the results performed that
down-regulation of CXCR3A level resulted in a
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high expression of CXCR3B level, and in reverse
order from that stated, indicating that there
was a negative regulation correlation between
CXCR3A and CXCR3B, who were the different
two transcription products of the same gene.

MTT assay

In order to analyze the effect of CXCR3A and
CXCR3B expressions on PC-3 cells, MTT was
used to detect the cell proliferation ability at 24
h (Figure 2). The results showed that down-reg-
ulation of CXCR3A could well inhibit cell prolif-
eration ability of PC-3 cells, while down-regula-
tion of CXCR3B could enhance the cell prolifer-
ation ability of PC-3 cells (Figure 2).

Cell invasion assay

Matrigel method was used to detect the cell
invasion ability of PC-3 cells in four groups
(Figure 3). There were about 11-12 invasion
cells both in Blank and in Control groups.
However, number of invasion cells in siRNA-
CXCR3A group was 5.8, but invasion cells in
siRNA-CXCR3B group was about 18.3, suggest-
ing that down-regulation of CXCR3A and up-
regulation of CXCR3B could inhibit PC-3 cell
invasion ability.

Western blotting analysis

In order to analyze the effect of CXCR3 on
downstream proteins expression, western blot-
ting analysis was used to detect the expres-
sions of downstream proteins (Figure 4). When
CXCR3A level was down-regulated, the expres-
sions of phospholipase C (PLC[B), matrix metallo
proteinase (MMP-1), and MMP-3 were signifi-
cantly increased compared with the control
group (Figure 4A-C). Otherwise, expressions of
PLCB, MMP-1, and MMP-3 were all significantly
decreased when CXCR3B was down-regulated.
However, there was no obvious change of
MMP-7 expression in the two conditions (Figure
4D).

Discussion

PC is a worldwide life threatening urinary sys-
tem disorder in male, which has high morbidity
and mortality due to its easy bone metastasis
and hard diagnosis [1]. Chemokine CXCR3 has
been reported to play key roles in endothelial
cells growth and migration [19, 20]. In this

Int J Clin Exp Pathol 2015;8(7):8091-8098
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Figure 4. Western blotting analysis of CXCR3 downstream proteins expressions. A: Relative expression of PLCP in
four groups; B: Relative expression of MMP-1 in four groups; C: Relative expression of MMP-3 in four groups; D: Rela-

tive expression of MMP-7 in four groups. *: P<0.05.

study, we specifically down-regulating the ex-
pression of CXCR3A or CXCR3B with gene
silencing method to investigate the potential
role and mechanism of CXCR3 in PC metasta-
sis and migration based on the model of PC-3
cells line. Our data showed that down-regula-
tion of CXCR3A induced up-regulation of
CXCR3B in PC-3 cells (P<0.05). Besides, down-
regulation of CXCR3A and up-regulation of
CXCR3B could inhibit PC-3 cell proliferation and
suppress cell invasion ability. Moreover, down-
regulation of CXCR3A induced the increasing
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expressions of MMP-1, MMP-3, and PLCB ex-
cept MMP-7.

CXCR3 (a pertussis toxin) is a seven trans-
membrane domain-spanning G protein-couple
receptor, that can bind the proinflammatory
and CXC chemokines, and several pathways,
including MAPK, PI3K signaling pathways [23].
Andreas have proved that intestinal myofibro-
blasts expressed CXCR3 variants with different
signaling properties, and several chemokines
such as CXCL9 and CXCL10 could bind with

Int J Clin Exp Pathol 2015;8(7):8091-8098
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CXCR3 may be useful for inflammatory disease
alternative therapy [24]. CXCR3A is expressed
on TH1 T cells and cytotoxic CD8+ T cells, which
could mediate cell migration while CXCR3B has
been proved to be associated with inducing cell
apoptosis in endothelial cells [25]. Coincidence
with former evidences, in this study, down-regu-
lation of CXCR3A will cause the up-regulation of
CXCR3B in PC-3 cells and in reverse order from
that stated, indicating that there was a nega-
tive regulation correlation between CXCR3A
and CXCR3B expression.

Meanwhile, our data presented that down-regu-
lation of CXCR3A and up-regulation of CXCR3B
inhibited PC-3 cell proliferation and invasion
ability, implying that CXCR3 may correlate to
PC-3 cell proliferation and invasion. Role of
CXCR3 in prostate cancer has not been fully
discussed, however, previous papers have
demonstrated that overexpression of CXCR3
was expressed in breast cancer and mediated
cellular functions, and was associated with
poor survival and promoted metastasis in
breast cancer model [26, 27]. Gene silencing of
CXCR3B promoted cell proliferation of breast
tumor cells [27]. Besides, gene silencing of
CXCR3 in melanoma B16F10 cells suppressed
the development of lymph node metastasis,
suggesting that CXCR3 was correlated to mela-
noma metastasis [28]. Additionally, Well and
his colleagues proved that mRNA level of
CXCR3A was increased while mRNA level of
CXCR3B was decreased in PC cells, and abnor-
mal expression of CXCR3 isoform regulated PC
cell migration and invasion [21]. Based on our
results, we speculated that mRNA expression
pattern of CXCE3A and CXCR3B leading to
abnormal expression of CXCR3, and then
resulting in inhibiting cell proliferation and cell
invasion.

Additionally, our results performed that down-
regulation of CXCR3A and up-regulation of
CXCR3B brought about the increased expres-
sions of PLCB, MMP-1, and MMP-3 except
MMP-7 in PC-3 cells, indicating that aberrant
CXCR3 expression may affect PC-3 cells via the
downstream signaling pathway. PLC[3 is a mem-
ber of phospholipases family enzyme that
hydrolyze phospholipids into fatty acids and
other lipophilic molecules [29], while MMP-1,
MMP-3, and MMP-7 belong to MMP family pro-
teins that are involved in the breakdown of
extracellular matrix in normal physiological pro-

8096

cesses, such as reproduction and tissue
remodeling, as well as in disease processes
[30]. It has been said that activated PLC3 play
pivotal roles in tumor cell proliferation, growth,
and differentiation through signaling transduc-
tion, such as gastric cancer, colon cancer, and
carcinoma of urinary bladder [31, 32]. The two
isoforms of CXCR3 appear to activate different
downstream signaling pathways. Smit and his
colleagues have demonstrated that CXCR3A
and CXCR3B could activate PLC-dependent
pathway [33]. Therefore, down-regulation of
CXCR3A and up-regulation of CXCR3B may pro-
mote PC-3 cell metastasis through activating
PLCp signal. On the other hand, Laragione said
that activated CXCR3 directly regulated MMP-1
and MMP-3 activation [34]. Zinzindohoue said
that MMP-1 and MMP-3 expressions were cor-
related to colorectal cancer metastasis and
invasion [35]. Thus, we speculated that aber-
rant expression of CXCR3 may result in PC
metastasis through increasing MMP-1 and
MMP-3 expresions. Previous paper showed
that MMP-7 overexpression was found in PC tis-
sue [36], Interestingly, our results performed
that there was no correlation between aberrant
CXCR3 expression and MMP-7 expression in
PC-3 cells, indicating that there may be no
association between CXCR3 in PC metastasis
and MMP-7 expression.

In conclusion, our study suggests that CXCR3
play key roles in PC cell proliferation and inva-
sion. Aberrant CXCR3 expression inhibited PC
cell proliferation and invasion. However, down-
regulation of CXCR3A and up-regulation of
CXCR3B increased expressions of MMP-1 and
MMP3, and activated PLCB signaling pathway
in PC-3 cells. Our study may provide basis for
the potential exploration of CXCR3 in suppress-
ing PC metastasis and progression in clinical.
However, further experimental studies are still
needed to seek the underlying mechanism of
CXCR3 in PC.
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