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Abstract: In this paper, the effect of silencing the expression of CXCR4 and CXCR7 by RNAi on the growth of endome-
trial carcinoma (EC), in vivo, was evaluated. To establish endometrial carcinoma model, thirty nude mice were sub-
cutaneously inoculated with 1 × 107 Ishikawa cells. All tumor-bearing mice were randomly assigned to five groups 
(six mice in each group) when the tumor xenografts reached 5-7 mm in diameter, and treated with CXCR4-siRNA 
(5 nmol), CXCR7-siRNA (5 nmol), CXCR4-siRNA (5 nmol) plus CXCR7-siRNA (5 nmol), negative-siRNA (5 nmol) and 
normal saline, respectively. Following intra-tumor injection, the growth rate of tumor xenografts in the three treat-
ment groups was significantly delayed compared with those in Ne-si and NS group (P<0.05). The results of QRT-PCR 
and immunohistochemical assessment showed that the expression levels of CXCR4 and CXCR7 could be down 
regulated by RNA interference. We also observed that treatment with CXCR4-siRNA and CXCR7-siRNA reduced cell 
proliferation, but there was no significant difference in apoptosis among the five groups. CXCR4 and CXCR7 silenc-
ing by RNAi inhibit the growth of human endometrial carcinoma xenografts by inhibiting cancer cell proliferation, in 
vivo. These results indicate that CXCR4 and CXCR7 could serve as potential alternative targets for gene therapy in 
endometrial carcinoma.
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Introduction

Endometrial cancer (EC) is one of the most 
common gynecological malignant tumors, the 
mortality of which is only second to ovarian  
carcinomain developed countries, with 40,000 
new cases and 7,500 cancer-related deaths in 
the US in 2008 [1, 2]. Endometrial cancer most 
often affects postmenopausal women, but the 
incidence among younger women is increasing 
in recent years. Despite surgical resection cou-
pled with systemic chemotherapy, it is still dif-
ficult to improve the poor prognosis of newly 
diagnosed endometrial cancer patients due to 
tumor recurrence and metastasis.

A plethora of studies indicate that the initiation, 
development, local invasion and distal metas-
tasis of cancer are regulated by factors in the 
tumor microenvironment, such as cytokines 
and chemokines [3, 4]. As a member of the CXC 

family of chemokines, stromal cell-derived fac-
tor-1 (SDF-1), now also named CXCL12 and  
its receptors CXCR4 and CXCR7 were found to 
play important roles in almost all malignancies 
including endometrial carcinoma [5-17], which 
may affect the extent of infiltration and phe- 
notype of the leukocyte, angiogenesis, as well 
as the growth, survival and migration of tumor 
cells. Yoon et al., [18] found that CXCR4 antago-
nist TN14003 could suppress primary tumor 
growth of head and neck cancer, in xenograft 
mouse models, by inhibiting tumor angiogene-
sis and prevented lung metastasis. Cho et al., 
[19] reported that CXCR4 specific antagonist 
ADM3100 significantly inhibited prostate can-
cer xenograft growth and reduced microves- 
sel formation, as well as decreased the expres-
sion of Ki-67 (a proliferation marker) and Bcl-2 
(an anti-apoptotic marker). It is also reported 
that silencing CXCR7 in the HCCLM3 cells gave 
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rise to tumor inhibition and the number of lung 
metastases in nude mice [20].

Overall, in the last several years, several stud-
ies have focused on CXCR4 and CXCR7 in  
many malignancies, but their physiological and 
molecular mechanisms in endometrial cancer 
are still unclear. Therefore, specifically inhibit-
ing the functions of CXCR4 and CXCR7 may pro-
vide clues regarding endometrial carcinogene-
sis and be of great therapeutic benefit. Our 
previous studies, in vitro, have demonstrated 
that knocking down CXCR4 and CXCR7 expres-
sion using RNA interference (RNAi) in endome-
trial cancer cell line could inhibit the prolifera-
tion and invasion of tumor cells. In this study,  
in order to further explore the roles of CXCR4 
and CXCR7 in the development of endometrial 
carcinoma, we evaluated the inhibitory efficacy 
of CXCR4-siRNA and/or CXCR7-siRNA, in vivo. 
Following treatment with CXCR4-siRNA and/or 
CXCR7-siRNA, xenograft tumor growth changes 
were observed as well as cell proliferation and 
apoptosis.

Methods

Cell culture and establishment of animal 
model

Thirty female BALB/c nude mice (4-5 weeks 
old, 15-18 g) were purchased from Beijing Wei- 
tong Lihua Experimental Animal Technology  
Co. Ltd., with qualified number SCXK (Beijing) 
2012-0001. All animals were housed in a spe-
cific pathogen free, temperature-controlled iso-
lation conditions, fed with sterilized food and 
autoclaved water. The human endometrial can-
cer cell line Ishikawa was obtained from the 
Central Laboratory of the Affiliated Hospital  
of Qingdao University (Qingdao, Shandong Pro- 
vince, China) and cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco) with 10% 
heat-inactivated fetal bovine serum (Hyclone, 
USA) at 37°C in a humidified atmosphere con-
taining 5% CO2. 1 × 107 Ishikawa cells in 200 μL 
ofPBS were subcutaneously injected into the 
right flank of each mouse. When the tumor size 
was 5-7 mm in diameter, the experiments were 
carried out. All animal experiments were ap- 
proved by ethical and humane committee of 
Affiliated Hospital of Qingdao University Medi- 
cal College and carried out strictly in accor-
dance with the related ethical regulations.

Treatment

Chemically modified siRNA targeting CXCR4 or 
CXCR7 was designed and validated by RIBIOBIO 
(Guangzhou, China). The three siRNA sequenc-
es were called CXCR4-siRNA, CXCR7-siRNA and 
Negative-siRNA, whose sequences were same 
as reported previously by us [21]. Following the 
establishment of the nude mice tumor xeno-
grafts with Ishikawa cells, thirty tumor-bearing 
nude mice were randomly assigned into five 
groups (six mice in each group) and there were 
no significant differences in body weight, im- 
planted tumor volumes, etc. between the five 
groups. i) CXCR4-siRNA (CX4-si); ii) CXCR7-
siRNA (CX7-si); iii) CXCR4/CXCR7-siRNA (CX4/
CX7-si); iv) Negative-siRNA (Ne-si); v) normal 
saline (NS). The five groups received 50 μL 
intra-tumor injections of CXCR4-siRNA (5 nmol/
mouse), CXCR7-siRNA (5 nmol/mouse), CXCR4-
siRNA (5 nmol/mouse) plus CXCR7-siRNA (5 
nmol/mouse), Negative-siRNA (5 nmol/mouse) 
and normal saline, respectively. The intra-tumor 
injections were administered once every three 
days for six cycles. The longest (a) and shortest 
(b) diameters of tumors were measured using  
a caliper every three days and the volumes 
were calculated using the formula V = ab2/2 
and plotted against time. At the end of treat-
ment, the nude mice were sacrificed and tumor 
tissues were dissected and their weights and 
volumes were measured. Then, each harvested 
tumor was divided into two parts, one part was 
fixed in 10% formalin for measuring mRNA ex- 
pression of the related genes and the other  
one was frozen at -80°C for immunohistoche- 
mical analysis as described below.

Quantitative RT-PCR for CXCR4 and CXCR7 
mRNA in Xenograft tumors

Trizol (Invitrogen, USA) was used for the extrac-
tion of total RNA from -80°C frozen transplant-
ed tumor samples, dissected from nude mice, 
and PrimeScriptTMRT reagent kit with gDNAEr-
aser (Takara, Japan) was used to reverse tran-
scribe the RNA into cDNA, according to the 
manufacturer’s instructions. To assess the 
CXCR4 and CXCR7 gene expression, real-time 
PCR reactions were performed using the 
SYBR®PremixExTaqTMIIkit (Takara, Japan). The 
primers for CXCR4, CXCR7 and GAPDH (as in- 
ternal normalization control) were as follows: 
CXCR4: 5’-TCATCAAGCAAGGGTGTGAG-3’ (for-
ward) and 5’-TGGCTCCAAGGAAAGCATAG-3’ (re- 
verse); CXCR7: 5’-AGCAGCAGGAGGAAGATGGT- 
3’ (forward) and 5’-TCTCATTGTTGGACGCAGAC- 
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3’ (reverse); GAPDH: 5’-CTCAGACACCATGGG- 
GAAGGTGA-3’ (forward) and 5’-ATGATCTTGA- 
GGCTGTTGTCATA-3’ (reverse). To ensure the 
specificity of the related gene primer set, the 
amplification generated from the PCR reac- 
tions were evaluated in terms of specific melt-
ing point temperatures using the first deriva- 
tive primer melting curve software (Applied 
Biosystems, USA). The expression level of CX- 
CR4 and CXCR7 mRNA were normalized to  
the expression of the control gene GAPDH and 
the relative quantification of CXCR4 or CXCR7 
mRNA was performed using the comparative 
cycle threshold method (2-ΔΔCT) [22]. All PCR 
experiments were repeated two times.

Immunohistochemical study in Xenograft tu-
mors

The transplanted tumor tissues dissected from 
nude mice were fixed in 10% formalin for 24 h 
and were then embedded in paraffin and se- 

rially cut into sections (4 μm-thickness) for 
hematoxylin-eosin and immunohistochemical 
staining. Briefly, tissue sections were deparaf-
finized and microwaved at 98°C for 10 min  
in citrate buffer (pH 6.0) after being baked at 
64°C for 1 h. After blocking the endogenous 
peroxidase by immersing the sections in 3% 
H2O2 for 10 min, the sections were incubated 
with primary antibodies directed against hu- 
man CXCR4 (1:200; ABCAM), CXCR7 (1:100; 
ABCAM) and PCNA (proliferating cell nuclear 
antigen, 1:100; ABCAM), respectively. The pri-
mary antibody was removed and washed with 
TBS and HRP-conjugated secondly antibody 
(PV-6001; Zhongshan Bio-tech Co., Ltd., Bei- 
jing, China) was then added and samples  
incubated at 37°C for 30 min. The sections  
were then visualized using DAB coloration fluid 
(Zhongshan Bio-tech Co., Ltd., Beijing, China) 
for 1 minute and then counterstained with he- 
matoxylin. The immunoreactions were viewed 
under an Olympus microscope CX31 (Japan).

Figure 1. CXCR4-siRNA and/or CXCR7-siRNA inhibit tumor growth in vivo. A. Macroscopic appearance of tumors in 
nude mice following the completion of therapy. Arrows outline the representative tumors in the right scapular region 
of the mice. B. Images of representative excised tumors from each group. C. Tumor volumes were averaged for each 
treatment group and time point over the course of the study (mean ± SD). D. Final tumor weights of the isolated 
tumors were averaged for each group (mean ± SD). CX4-si, CXCR4-siRNA treatment; CX7-si, CXCR7-siRNA treat-
ment; CX4/CX7-si, CXCR4-siRNA in combination with CXCR7-siRNA treatment; Ne-si, Negative-siRNA treatment; NS, 
normal saline. 
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Terminal deoxynucleotidyl transferase-mediat-
ed DUTP nick end-labeling (TUNEL) assay

To assess the level of apoptosis of tumor xeno-
graft cells, an in situ cell death detection kit 
conjugated with horse-radish peroxidase (POD) 
(RocheApplied Science, USA) was used. The 
assessment of cell apoptosis was performed 
by TUNEL analysis according to the manufac-
turer’s instructions. Five equal-sized positive 
staining fields in each tissue sections were  
randomly chosen and the numbers of apopto- 
tic cells were counted. To minimize subjecti- 
vity, the process was performed by blinded 
pathologists.

Statistical analysis

All data are shown as mean ± SD. Statistical 
analyses were performed using SPSS statisti-
cal software (SPSSInc., Chicago, Illinois). Diff- 
erences between two groups were assessed 
using at test. A p value <0.05 was considered 
statistically significant.

Results

Inhibition of tumor Xenografts following treat-
ment with CXCR4-siRNA and/or CXCR7-siRNA

The effect of CXCR4 and/or CXCR7 gene silen- 
cing was investigated using the Ishikawa cell 
tumor xenograft model, in vivo. The representa-
tive images of mice and excised tumors from 

each group are shown in Figure 1A and 1B.  
The mice which received intra-tumor treatment 
with CXCR4-siRNA, CXCR7-siRNA and combin- 
ed therapy exhibited reductions in tumor size  
in comparison with the Ne-si or NS group mice. 
Tumors in the three treatment groups were  
significantly delayed beginning at the third 
treatment and continued until the end of study 
(Figure 1C). During the treatment period, the 
tumors in Ne-si and NS group grew rapidly and 
the difference between these two groups was 
notstatistically significant (P>0.05) (Figure 1C). 
CXCR4-siRNA and CXCR7-siRNA significantly 
slowed tumor growth (Figure 1C), but the com-
bination treatment of CXCR-siRNA and CXCR7-
siRNA could not inhibit tumor growth more  
than any single administration (Figure 1C). The 
final average tumor weights were lighter in  
the CXCR4-siRNA (0.42±0.12 g), CXCR7-siRNA 
(0.43±0.13 g) and combined administration 
(0.40±0.08 g) groups than those in the Ne-si 
(0.90±0.09 g) or NS (0.99±0.11 g) groups and 
the differences were statistically significant 
(Figure 1D). These data demonstrated that 
injection of CXCR4-siRNA and CXCR7-siRNA 
were able to slow down the growth of Ishika- 
wa-derived xenografts.

CXCR4 and CXCR7 mRNA expressions were 
down-regulated by RNAi

Antitumor treatment had significant effects on 
tumor growth in the present study and subse-

Figure 2. CXCR4-siRNA and/or CXCR7-siRNA decreases CXCR4 and CXCR7 mRNA expression in the tumor tissues 
(results of Quantitative RT-PCR). Histographs showing (A) relative CXCR4 mRNA expression and (B) relative CXCR7 
mRNA expression in the tumor tissues of the five groups. Statistical comparison is with the Ne-si group. CX4-si: 
CXCR4-siRNA treatment; CX7-si: CXCR7-siRNA treatment; CX4/CX7-si: CXCR4-siRNA in combination with CXCR7-
siRNA treatment; Ne-si: Negative-siRNA treatment and NS: normal saline.
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quently CXCR4 and CXCR7 gene expression 
was investigated using qRT-PCR. The amount  
of CXCR4 and CXCR7 mRNA was normalized to 
the expression of the control gene GAPDH and 
relative quantification was performed using the 
2-ΔΔCT method. The expression of CXCR4 mRNA 
was significantly reduced following treatment 
with CXCR4-siRNA (0.38±0.15) and CXCR4/
CXCR7 siRNA (0.32±0.09) compared with the 
Ne-si (1.10±0.49) and NS (1.09±0.49) groups 
(P<0.05; Figure 2A), while the expression of 
CXCR7 mRNA was significantly reduced follow-
ing treatment with CXCR7-siRNA (0.47±0.15) 
and CXCR4/CXCR7 siRNA (0.52±0.22) com-
pared with the Ne-si (1.05±0.27) and NS 
(1.07±0.42) groups (P<0.05; Figure 2B). 

CXCR4 and CXCR7 protein expression were 
down-regulated by RNAi in Xenograft tumors

To assess the effects of CXCR4-siRNA and/or 
CXCR7-siRNA on CXCR4 and CXCR7 protein ex- 
pression levels in the treatment groups, xeno-
graft tumors tissues were analyzed by immu- 
nohistochemical staining. The results of immu-
nohistochemical staining for CXCR4 and CX- 

To determine whether CXCR4-siRNA-mediated 
down-regulation of CXCR4 or CXCR7 express- 
ion was involved in the inhibition of tumor cell 
proliferation, we used immunohistochemical 
assessment and probed with anti-PCNA anti-
body. As shown in Figure 4, the labeled nuclei 
in tumor sections were regarded as positive. 
Proliferative tumor cells were counted in 10 
randomly microscopic fields. The proliferation 
index was calculated as follows: (number of 
positive tumor cells/number of total tumor 
cells) × 100%. The expression of PCNA in the 
tumor tissues of CX4-si (40.55±6.06%), CX7- 
si (37.60±7.94%) and CX4/CX7-si (41.37± 
8.32%) was poor, but was high in the Ne-si 
(82.43±8.61%) and NS groups (86.79±7.94%). 

TUNEL assay to assess tumor cell death

As shown in Figure 5, dotted or small focal 
apoptotic cells were found in endometrial can-
cer tissues, whereas there was no statistically 
significant difference between the five groups 
(P>0.05), which are similar to our previous 
results in vitro. These results indicate that 

Figure 3. Immunohistochemistry for CXCR4 and CXCR7 protein expression in 
implanted tumor tissues of nude mice treated with CXCR4-siRNA (A), CXCR7-
siRNA (B), CXCR4/CXCR7-siRNA (C), Negative-siRNA (D) or normal saline (E) 
(magnification, × 200).

CR7 are shown in Figure 3, 
the cytoplasm of CXCR4 posi-
tive cells are stained brown, 
while the CXCR7 protein are 
expressed in both the cyto-
plasm and nuclei. The aver-
age optical density was ana-
lyzed with Image-Pro plus 5.1 
image analysis system (Me- 
dia Cybernetics, USA). The 
average optical density (AOD) 
values of tumor tissues of 
CX4-si, CX7-si, CX4/CX7-si, 
Ne-si and NS groups were 
0.62±0.17, 2.22±0.63, 0.60± 
0.21, 2.24±0.57, 2.31±0.46 
for CXCR4 and 4.98±1.38, 
2.29±0.72, 2.16±0.98, 5.39± 
1.20, 4.85±0.94 for CXCR7, 
respectively (Figure 3). These 
results revealed that the CX- 
CR4 or CXCR7 protein expres-
sion levels were significantly 
reduced by RNAi.

Inhibition of tumor cell prolif-
eration following treatment 
with CXCR4-siRNA and/or 
CXCR7-siRNA
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CXCR4 and CXCR7 don not affect endometrial 
cancer cell apoptosis.

Discussion

Since the first report by Muller et al., [17] that 
chemokine receptors were related to tumor 
metastasis, a growing number of chemokines 
and their receptors have been shown to be 
closely related to tumor development. CXCL12, 
a member of the CXC family of chemokines and 
stromal cell derived factor 1 or SDF-1, which 
has been extensively studied by researchers in 
recent years are two such members. Some 
reports have demonstrated that CXCL12/SDF- 

1 can stimulate multiple signal transduction 
pathways that are involved in many important 
biological processes [23-26].

It was believed by researchers that CXCR4 was 
a unique chemokine receptor of CXCL12 and 
CXCL12/CXCR4 axis had been identified to play 
an important role in the growth, invasion and 
metastasis of many malignancies, including 
breast cancer [7], prostate cancer [19], ovarian 
carcinoma [27], colorectal cancer [28], pancre-
atic cancer [8] and endometrial cancer [5, 6]. 
Yet some reports revealed that CXCR7, also 
known as, “RDC1” is another specific receptor 
of CXCL12 [29, 30] and that CXCL12/CXCR7 

Figure 4. Cell proliferation detected by 
immunohistochemical staining probed 
with anti-PCNA antibody in implanted 
tumors treated with CXCR4-siRNA (A), 
CXCR7-siRNA (B), CXCR4/CXCR7-siR-
NA (C), Negative-siRNA (D) or normal 
saline (E) (magnification, × 200).
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axis was also involved in the onset and devel-
opment of tumors [9-16].

A previous study [31] suggested that the ex- 
pression of CXCR4 and CXCR7 was significant- 
ly higher in endometrial cancer than those in 
the corresponding para-tumor and normal tis-
sues, indicating that these two genes are in- 
volved in the initiation, development and pro-
gression of endometrial carcinoma. Moreover, 
some reports showed that down-regulating the 
expression of CXCR4 and CXCR7 using small 
interfering RNA (siRNA) may inhibit the proli- 
feration and invasion of cancer cells [15, 32]. 
Therefore, specifically inhibiting the abnormal 
expression of CXCR4 and CXCR7 may be an 
effective strategy in endometrial cancer the- 
rapy.

RNA interference has become widely used for 
the in vivo knockdown of genes in cancer thera-
py. However, there are few studies on using 
RNA interference to silence CXCR4 or CXCR7 
expression in endometrial cancer treatment, 
especially using multiple siRNAs targeting CX- 
CR4 and CXCR7. Our previous in vitro study  
has demonstrated that both single and com-

ment groups compared with those in the Ne- 
si or NS groups. However, there was no syner- 
gy observed in the CXCR4-siRNA and CXCR7-
siRNA combined group and this result was con-
sistent with what we observed in our previous 
study [21], indicating that the chemokine pa- 
thway is complicated and they may share the 
same interference signaling pathway or over-
lapping function. In addition, tumor cell prolif-
eration potential was significantly inhibited fol-
lowing knocking down of CXCR4 and CXCR7 by 
RNAi. 

Despite some reports [11, 33-35] showing that 
CXCR4 or CXCR7 was involved in the regulation 
of cells apoptosis via various signaling path-
ways, there was no change in apoptosis follow-
ing silencing of CXCR4 and CXCR7 as demon-
strated by TUNEL assay. Together with our pre-
vious results, these findings suggest that CX- 
CR4 and CXCR7 have different roles in differ- 
ent diseases and that they may not participate 
in the regulation of cell apoptosis in endome-
trial cancer. Thus, further research should be 
done to elucidate their role in the tumor micro-
environment. Overall, CXCR4 and CXCR7 may 

Figure 5. Cell apoptosis detected by TUNEL assay. The nuclei of apoptotic 
cells are stained brown and arrows indicatea small foci of apoptotic cells. 
A. Microscopy image from CXCR4-siRNA treatment group (magnification, × 
200). B. Microscopy image from CXCR7-siRNA treatment group (magnifi-
cation, × 400). C. Microscopy image from CXCR4/CXCR7-siRNA treatment 
group (magnification, × 200). D. Microscopy image from NS group (magnifi-
cation, × 400). There was no statistically significant difference between the 
five groups (P>0.05).

bined use of CXCR4-siRNA 
and CXCR7-siRNA could suc-
cessfully inhibit cell prolife- 
ration and invasion of Ishi- 
kawa and HEC-1-A cells [21]. 
On the basis of the in vitro 
results, the present study  
was designed to determine 
whether CXCR4-siRNA and/or 
CXCR7-siRNA administration 
could inhibit the growth of 
human endometrial cancer 
xenografts in nude mice. 

To our knowledge, this is  
the first study comparing the 
inhibitory effects of multi- 
ple siRNA with single siRNA 
(CXCR4-siRNA and/or CXCR7-
siRNA) on endometrial can-
cer, in vivo. Our results indi-
cated that CXCR4-siRNA and/
or CXCR7-siRNA significantly 
delayed the growth of xeno-
grafts in nude mice. The 
tumor weights and the tumor 
volumes were markedly de- 
creased in the three treat-
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be promising targets for endometrial cancer 
gene therapy. 
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