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Abstract: The aims of this study were to investigate the impact of chemokine receptor 7 (CXCR7/ACKR3) silenc-
ing on inhibiting the biological behaviors of bladder cancer (BC) bladder carcinoma in situ. The siRNA sequence 
of CXCR7/ACKR3 was synthesized and transfected into the BIU-87 cells so as to screen the interference group (I). 
The impact of CXCR7/ACKR3 on the proliferation, and invasion of the BC cells were then determined. The CXCR7/
ACKR3 mRNA and protein interfered by CXCR7-siRNA-1 were downregulated by 86.0% and 58.4%, respectively, and 
the gene silencing effect was the best. The proliferation speed of CXCR7/ACKR3 in Group I was significantly slower 
than the control group (C), with the mean inhibitory rate of 40.92% (P < 0.05). Compared with the control group, 
the number of transmembrane cells in Group CXCR7-siRNA-1 at 48 h was significantly reduced (P < 0.05). The 12 
h and 24 h migration distance of the BC cells in Group I were 0.51±0.13 μm and 1.18±0.19 μm, respectively, which 
were significantly less than those in Group C (1.02±0.21 μm and 1.86±0.16 μm, respectively) (P < 0.05). Silencing 
the CXCR7/ACKR3 gene can significantly inhibit the proliferation, invasion, and migration of the BC BIU-87 cells, 
suggesting that CXCR7/ACKR3 is a potential molecular target for the treatment of human BC.
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Introduction

Bladder cancer is a malignant cancer derived 
from the urinary bladder transitional epitheli-
um, the incidence of which ranks the first in 
Chinese male genitourinary malignancies. It 
directly threats patients’ lives [1]. BC has a 
higher recurrence rate and malignant behavior 
features like easy recurrence, higher recurrent 
malignancy, invasion, or metastasis; with the 
environmental pollution increased due to indus-
trial developments, the incidence of BC is also 
increased year by year, and the ages of onset 
also continuously broadens [2]. It will have 
great significance and is also an urgent prob-
lem for clinical medical personnel to analyze 
and solve the pathogenicmechanism of BC, 
especially the molecular mechanism, which 
can improve the early diagnostic rate of BC, 
improve the patients’ quality of life, and prolong 
their survival periods through active treatment 
[3].

Among gene therapies which have been signifi-
cantly focused on and given high hopes to, RNA 
interference (RNAi) is a kind of gene silencing 
technologies [4], referring to the phenomenon 
of double-stranded RNA-induced highly-effi-
cient specific degradation of its complementary 
homologous mRNA during the evolutionary pro-
cess. RNAi is ubiquitous in a variety of organ-
isms, can inhibit the violation of homologous 
genes or viruses, and can effectively reduce or 
shut down the expression of specific genes [5]. 
The RNAi technology can be used to find the 
functions of certain genes, thus providing theo-
retical basis for gene therapies of malignant 
tumors.

Chemokines are directionally movable small 
protein molecules secreted by immune cells or 
tissue cells under the stimulation of growth fac-
tors, interferon, or other substances [6]. Che- 
mokines are slightly or not expressed in normal 
human tissues, but highly expressed in such 
malignant tumors as human ovarian cancer, 
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breast cancer, prostate cancer, or bladder can-
cer, among which chemokine receptor 12 
(CXCR12) and its receptor CXCR4 are the key 
factors of the proliferation, invasion, or metas-
tasis of BC. Previous studies showed that the 
interaction between CXC chemokine ligand 12 
(CXCL12) and CXC chemokine receptor 4 
(CXCR4) was the key biological behavior of 
tumor invasion, metastasis and proliferation. 
Recent researches found that tumor prolifera-
tion and metastasis were only partially blocked 
by inhibiting CXCR4 expression, and there must 
be some other factors control the proliferation 
and tissue-specific metastasis of malignant 
tumors, then another chemokine receptor of 
CXCL12, CXC chemokine receptor 7 (CXCR7), 
was found, which would enhance the prolifera-
tion, invasion and metastasis of tumor cells 
[7-9]. In 2005, the high-affinity receptor of 
CXCL12, CXCR7/ACKR3, was discovered; CX- 
CR7/ACKR3 belongs to the GPCR family (G-p- 
rotein coupled receptor) and is a specific recep-
tor of SDF1α. Studies have shown that the acti-
vation of the SDF1α pathway is the potential 
mechanism of anti-tumor biological agents 
[10]. This study used the RNAi silencing tech-
nology to transfect it into the human BC cell line 
BIU-87, aiming to investigate the impact of 
RNAi-silencing-CXCR7 on inhibiting the biologi-
cal behaviors, such as invasion, of BC and to lay 
a foundation for the gene therapies of BC.

Materials and methods

Design and synthesis of CXCR7/ACKR3 inter-
ference plasmids

The whole sequence of the CXCR7/ACKR3 
mRNA was searched in the GENEBANK data-

base, and based on this, the on-line design 
software (www.dhannaeon.com) combined 
with the corresponding design principles of 
siRNA was used to design the CXCR7-specific 
siRNA sequence, the secondary structure of 
which was evaluated using RNAstructure4.4. 
Finally, 3 pairs of interference sequences and a 
pair of negative sequences were obtained and 
ensured no other homologous sequence 
through the BLAST searching (NIH, http://www.
ncbi.nim.nih.gov/BLAST). After guaranteed the 
specificity of the amplification, the primers 
(Table 1) were synthetized by Sangon Biotech 
(Shanghai) Co., Ltd. (Shanghai).

Cell culture and transfection

In this study, the expressions of CXCR7/ACKR3 
in several BC cell lines (purchased from the Cell 
Bank of Type Culture Collection Committee, 
Chinese Academic Science) were quantitatively 
analyzed, among which the human BC cell line 
BIU-87 with high expression of CXCR7/ACKR3 
was screened and it was chosen to continue 
follow-up experiments. After resuscitated from 
cryopreservation, the BIU-87 cells were inocu-
lated in 10% FBS-containing DMEM medium 
(containing 100 μg/mL streptomycin and 100 
U/mL penicillin) at 37°C and 5% CO2. The cul-
ture medium was changed every other 2 to 3 
days. After the cells covered about 90% of the 
flask wall, they were digested and passaged 
using 0.25% trypsin, and inoculated into new 
culture flasks. The cells in logarithmic growth 
phase were then seeded in 6-well plates with 
the density as 2 × 104 cells/well. When the 
cells covered 90% of the plate, the CXCR7-
siRNA synthesized using the above method was 
transfected using the Lipofectamine 2000 lipo-
some method according to the instructions 
(Gibco, USA). CXCR7-siRNA fragment diluted by 
OPTI-MEM low serum culture medium and dilut-
ed Lipofectamine 2000 were incubated at 
room temperature for 20 min, then was incu-
bated in 5% CO2 at 37°C for 4-5 h after trans-
fection, which was further cultured in DMEM 
4ml containing 5% FBS for 24 h, then the pro-
portion and distribution of cells were observed 
by microscope.

Reverse transcription polymerase chain reac-
tion (RT-PCR)

Expression of CXCR7/ACKR3 mRAN after 72 h 
trasnfection. The total RNA was extracted from 
the transfected BIU-87 cells using the Trizol 

Table 1. CXCR7-shRNA primer sequence list
Name Sequence (5’-3’)
CXCR7-siRNA-1-F GGATCCATGTCGGGACCCGTGCC
CXCR7-siRNA-1-R GAATTCTTACTGCTGAGCGCCAG
CXCR7-siRNA-2-F CTGCGTCCAACAATGAG
CXCR7-siRNA-2-R GGAAGTAGAAGACAGCGATA
CXCR7-siRNA-3-F CCGUUGAUGAACCUCUUAATT
CXCR7-siRNA-3-R UUAAGAGGUUCAUCAACGGTT
NC-F UCCUCCGAACGUGUCACGUTT
NC-R ACGUGACACGUUCGGAGAATT
CXCR7/ACKR3-F CTGCTCCAACAATGAG
CXCR7/ACKR3-R GGAAGTAGAAGACAGCGAT
GAPDH-F ACGGACAGGATTGACAGATT
GAPDH-R GCCACTTGTCCCTCTAAGAA
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reagent (Tiangen Biotechnology Co., Ltd., 
China). The cells collected was mixed with Trizol 
and chloroform (0.2 ml) by gently shocked 
upside down about 10 times and stood at room 
temperature for 5 min, after centrifugation at 
4°C, 12000 rpm for 15 min, supernatant was 
mixed with isopropanol of equal volume and 
stood at room temperature for 10 min, after 
centrifugation at 4°C, 12000 rpm for 10 min, 
the supernatant was discarded. Then pre 
cooled 75% ethanol 1 ml was added for vortex 
oscillation and centrifugation at 4°C, 7500 rpm 
for 5 min, the supernatant was discarded. Then 
was dried in air for 5-10 min, soluble in DEPC 
water (60°C for 10 mins) to reach the final vol-
ume as 20 μL and to detect the OD260/OD280 
(Table 1).

After determined the RNA concentration using 
one ultra-trace UV spectrophotometer and 
adjusted the concentration to 1 μg/μL, 2 μg of 
total RNA was reversely transcribed to cDNA, 
which was then used as the template for per-
forming real-time quantitative PCR toward 
CXCR7/ACKR3 and the internal reference 
GAPDH. Each sample was repeated three 
times. The PCR reaction system was 20 μl, and 
the amplification conditions were as follows: 
pre-denaturation at 94°C for 3 min, denatur-
ation at 94°C for 40 s, annealing at 58°C for 30 
s, extension at 72°C for 40 s, a total of 35 
cycles, followed by extension at 72 h for 5 min. 
The amplification results were then performed 
agarose gel electrophoresis and analyzed by 
the gel scanning system. The results of electro-

phoresis were analyzed by gel electrophoresis 
(TaKaRa, Inc., Japan).

Western blot

After harvested, the transfected BIU-87 cells 
were washed three times with phosphate buff-
ered saline (PBS), added the RIPA protein lysate 
to extract the total proteins, and determined 
the protein concentration using the BCA protein 
concentration assay kit After denatured at 
100°C for 10 min and isolated by 10% poly-
acrylamide gel electrophoresis, the products 
were transferred onto polyvinylidene fluoride 
(PVDF) membranes, closed in 5% non-fat milk 
powder-TBST for 2 h, and incubated with the 
primary antibody (1:1000, rabbit anti-human 
monoclonal antibody, Abcam, UK) and the 
monoclonal GADPH antibody at 37°C overnight; 
after washed three times using TBST, the prod-
ucts were incubated with the horseradish per-
oxidase-labeled secondary antibody (1:2000, 
goat anti-rabbit polyclonal antibody) for 2 h. 
After washed with TBST, the ECL chemilumines-
cent reagent A and B (1:1) were mixed with the 
membrane, developed and photographed in 
one darkroom. The ultraviolet irradiation (UVI) 
gel imaging system was then used for photog-
raphy, and he integrated optical densities (IOD) 
of CXCR7/ACKR3 protein and GADPH protein 
were then calculated using the Image-Pro 
Plus8.0 software. The ratio of these two pro-
teins was set as the relative expression of the 
CXCR7/ACKR3 protein so as to screen the RNAi 
interference sequence with the highest silenc-
ing rate for the subsequent experiments. (In- 
vitrogen Co., USA).

Methyl thiazolyltetrazolium (MTT)

The above-mentioned BIU-87 cells were inocu-
lated into 96-well cell culture plates with the 
density as 1 × 103 cells/well (200 μl per well), 
together with the zero well and the control well 
(3 reduplicate wells for each group). The wells 
were incubated at 37°C and 5% CO2 for 24 h, 
followed by adding 10 μl of MTT solution (5 mg/
ml) per well for another 4 h culture. After care-
fully removed the supernatant, 150 μl of 
dimethylsulphoxide (DMSO) was added into 
each well and shaken at low speed for 10 min 
so as to fully dissolve the crystals. The absor-
bance value of each well was then determined 
at 490 nm using one 550 microplate reader. 
The cell growth curve was then drawn with the 

Figure 1. Expressions of CXCR7 mRNA in BC cells. 
A: Expressions of CXCR7-siRNA-1 GADPH and CXCR7 
mRNA; B: Expressions of CXCR7-siRNA-2 GADPH 
and CXCR7 mRNA; C: Expressions of CXCR7-siRNA-3 
GADPH and CXCR7 mRNA; D: Expressions of NC 
GADPH and CXCR7 mRNA.
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time as abscissa and the absorbance value as 
the ordinate for calculating the cell proliferation 
inhibition rate as well as performing the statisti-
cal analysis (Sigma, USA). 

Inhibition rate (%) = (1 - OD of Group I/OD of 
Group C) × 100%

Transwell

The human BC cells were firstly diluted into the 
single cell suspension (5 × 105 cells/ml) using 
serum-free medium and then divided into two 
parts. 100 mL of the cell suspension (5 × 105 
cells) was added into the upper Transwell cham-
ber together with 200 mL of serum-free DMEM 
medium, and 500 μl of chemokine was added 
into the lower Transwell chamber, followed by 
24 h incubation at 37°C and 5% CO2. After gen-
tly wiped the non-invasive cells on the polycar-
bonate membrane with a moist swab, the upper 
chamber was carefully removed and fixed in 
pre-cold methanol for 30 min, followed 5 min 
Giemsa staining and gradient dehydration 
using 80%, 95%, and 100% ethanol. After care-
fully removed from the bottom of the upper 
chamber, the polycarbonate membrane was 
placed on a glass slide for closure using neutral 
resin. The cells attached onto the lower surface 

of the polycarbonate membrane were then 
counted at a high magnification (× 200) in 5 
randomly selected fields, and each group was 
repeated three times of the average. The num-
ber of migrated cells was the performed quan-
titative and statistical analysis. The inhibitory 
rate of silencing CXCR7/ACKR3 on the BC cell 
invasion was calculated as follows.

Inhibition rate = (Group C - Group I)/Group C × 
100%

Cell scratch test

Firstly, one marker pen was used to draw even-
ly distributed parallel lines (about 0.5~1 cm in 
width and crossing wells, and each well should 
contain at least five lines) on the back of 6-well 
culture plates together with three parallel con-
trols. Each well was seeded approximately 5 × 
105 cells depending on the cell types, and the 
seeding principle was set as that the overnight 
cell density should reach 100%. After 24 h incu-
bation at 37°C and 5% CO2, the cells were per-
formed siRNA transfection and continuously 
cultured suing the serum culture medium 24 h 
later until the adherence rate reached 100%. 
After that, one pipette tip was used to draw 
strictly vertical lines along one ruler, and after 
washed away the scratched cells 3 times with 
PBS, the cells were added the serum-free medi-
um and cultured at 37°C and 5% CO2. Photos 
were taken 12 h and 24 h later to calculate the 
average distance among cells so as to compare 
the cell migration rate.

Statistical analysis

SPSS19.0 (IBM, Chicago, USA) was used in this 
study to analyze the experimental data. The 
data were expressed as mean ± standard devi-
ation (

_
x±s). The OD values were compared 

using the  single factor ANOVA between the two 
groups, and were compared by t test between 
two groups, with P < 0.05 considered as statis-
tical significance.

Results

Expression of CXCR7/ACKR3 mRNA

It can be seen from Figure 1 that the expres-
sions of CXCR7/ACKR3 mRNA interfered by 
CXCR7-siRNA-1, CXCR7-siRNA-2, and CXCR7-
siRNA-3 were significantly downregulated by 
86.0%, 59.0% and 38.0% than that in Group C, 

Table 2. Expression comparison of CXCR7 
mRNA after transfection
Group Group I Relative expression of 

mRNA (2-ΔCt)
1 CXCR7-siRNA-1 0.1015±0.0024Δ,*

2 CXCR7-siRNA-2 0.3614±0.0032Δ

3 CXCR7-siRNA-3 0.4479±0.0150Δ

4 NC 0.7223±0.0120
Note: Δcompared with the control group, the expressions 
of CXCR7 mRNA are reduced (P < 0.05); *compared with 
Group 2 and 3, the CXCR7 mRNA is downregulated the 
most (P < 0.05).

Figure 2. Expressions of CXCR7 protein by Western 
blotting. A: Expressions of CXCR7-siRNA-1 GADPH 
and CXCR7 protein; B: Expressions of CXCR7-siRNA-2 
GADPH and CXCR7 protein; C: Expressions of CXCR7-
siRNA-3 GADPH and CXCR7 protein; D: Expressions 
of NC GADPH and CXCR7 protein.



Invasion mechanism of bladder cancer

9276	 Int J Clin Exp Med 2018;11(9):9272-9279

respectively, and the differences were signifi-
cant (P < 0.05). Therefore, it suggests that 
Group I-CXCR7-siRNA-1 has the best silencing 
effect (Table 2).

Expression of CXCR7/ACKR3 protein

It can be seen from Figure 2 that that the 
expressions of CXCR7/ACKR3 protein inter-
fered by CXCR7-siRNA-1, CXCR7-siRNA-2, and 
CXCR7-siRNA-3 were significantly downregulat-
ed by 58.4%, 34.1%, and 28.9% than that in 
Group C, respectively, and the differences were 
significant (P < 0.05). Therefore, it suggests 
that Group I-CXCR7-siRNA-1 has the best si- 
lencing effect, consistent with the results of 
mRNA expression, so CXCR7-siRNA-1 was sel- 
ected for further studies (Table 3).

Impact of silencing CXCR7/ACKR3 on prolif-
eration of BC cells

The MTT assay showed that: in the first 24 h, 
the difference in the proliferation rate between 
Group CXCR7-siRNA-1 and Group C was not sta-
tistical; however, starting from the 24th h, the 
proliferation rate in Group CXCR7-siRNA-1 
became significantly lower, while that in Group 

The results of the Transwell invasion assay 
showed that after being silenced for 48 h, the 
cells that penetrated the membrane in Group C 
and CXCR7-siRNA-1 were 146.2±17.63 and 
70.1±13.97, respectively, and the number in 
Group CXCR7-siRNA-1 was significantly decreas- 
ed than Group C (P < 0.05) (t-test, comparison 
of count of transmembrane cells between the 
two groups), indicating that silencing the CX- 
CR7/ACKR3 gene by CXCR7-siRNA-1 can signifi-
cantly inhibit the invasion of the BIU-87 cells, 
and the inhibitory rate was 52.10% (Table 5, 
Figure 4).

Impact of silencing CXCR7/ACKR3 on BC cell 
migration

The results showed that after silencing CXCR7/
ACKR3 for 12 h, the growth rate of BC cells in 
Group C was faster than Group CXCR7-siRNA-1; 
24 h later, the scratches in Group C were basi-
cally covered by cells, but those in Group 
CXCR7-siRNA-1 were still separated by a cer-
tain distance. The relative migration distance 
was measured by Photoshop cs3 and shown in 
Table 6. The statistics showed that the migra-
tion distances in Group CXCR7-siRNA-1 were 
0.51±0.13 μm and 1.18±0.19 μm after 12 h 
and 24 h, respectively, which were much less 
than those in Group C (1.02±0.21 μm and 
1.86±0.16 μm, respectively, P < 0.05), indicat-
ing that silencing the CXCR7/ACKR3 gene can 
significantly reduce the BC cell migration dis-
tance, so silencing the CXCR7/ACKR3 gene can 
effectively inhibit the migration of BC cells 
(Table 6, Figure 5).

Discussion

Bladder cancer (BC) is a biological process 
caused by the co-effects of multiple steps, mul-
tiple factors, and multiple genes [11]. The 
occurrence and development of tumors is relat-

Table 3. Expression comparison of CXCR7 protein after 
transfection

Group Group I
IOD

CXCR7/GADPH
CXCR7 GADPH

1 CXCR7-siRNA-1 32158 76243 0.42178±0.1638Δ,*

2 CXCR7-siRNA-2 48287 72352 0.66739±0.2371Δ

3 CXCR7-siRNA-3 51349 71289 0.72029±0.1985Δ

4 NC 71095 70173 1.01314±0.3143
Note: Δcompared with the control group, the expressions of CXCR7 
protein are reduced (P < 0.05); *compared with Group 2 and 3, the 
CXCR7 protein is downregulated the most (P < 0.05).

Figure 3. Proliferation of BC cells after silencing CX- 
CR7 gene.

C was normal, namely the proliferation 
rate in Group CXCR7-siRNA-1 was signifi-
cantly slower than Group C, and the inhi-
bition rates were 24.2%, 42.7%, 45.0%, 
46.3%, and 46.4%, respectively (P < 
0.05), indicating that silencing the CXCR7/
ACKR3 gene can significantly inhibit the 
proliferation of BC cells (Figure 3, Table 
4).

Impact of silencing CXCR7/ACKR3 on BC 
cell invasion
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ed to the imbalance of cell proliferation, differ-
entiation, or apoptosis [12], among which 
tumor metastasis and invasion are important 
biological characteristics that can affect 
patients’ survival and prognosis, and most can-
cer patients die of metastatic cancer instead of 
primary cancer.

CXCR7/ACKR3 was previously known as “or- 
phan protein-coupled receptor” (RDC1), similar 
to CXCR4 [13], is composed of 362 amino 
acids, and is expressed highly conservatively. 
CXCR7/ACKR3 locates on human 2q37 Chro- 
mosome, with its extracellular N-terminal re- 
gion binding with the ligands and its intracellu-
lar domain coupling with the G protein. Its 
C-terminal contains serine/threonine, the phos-

mechanism of RNAi is: the endonuclease cut 
dsRNA into small siRNA segments with specific 
lengths and structures (about 21~23 bp), which 
are then melted into sense and antisense 
chains by intracellular RNA helicases; the anti-
sense siRNA then combines with the in vivo 
endoenzymes, exonucleases, or helicases to 
form the RNA-induced silencing complex [15], 
in which the siRNA or short hairpin RNAs 
(shRNA) are the effector molecules of RNAi 
[16]. In vitro experiments have shown that the 
transfection of the CXCR7/ACKR3 gene signifi-
cantly increases the abilities of invasion, me- 
tastasis, and adhesion of tumor cells [17]; the 
transfection of CXCR7/ACKR3-related gene se- 
quence into mouse fibroblasts can promote 

Table 4. Impact of silencing CXCR7 on proliferation of BC cells
OD 0 h 12 h 24 h 36 h 48 h 60 h 72 h
CXCR7-siRNA-1 0.26±0.04 0.44±0.05 0.47±0.08Δ 0.51±0.11Δ 0.6±0.09Δ 0.66±0.15Δ 0.74±0.26Δ

Control 0.26±0.04 0.53±0.09 0.62±0.17 0.89±0.16 1.09±0.28 1.23±0.24 1.38±0.33
Note: ΔThe proliferation rate of CXCR7-siRNA-1 bladder cancer cells in the interference group was significantly slower than the 
control group. (P < 0.05).

Table 5. Comparison of membrane-penetrating cells after silencing CXCR7

Group Group I
BC cell invasion

48-h membrane-penetrating cells Inhibitory rate
1 CXCR7-siRNA-1 70.1±13.97 52.10% P < 0.05
2 NC 146.2±17.63

Figure 4. The number of transmembrane cells in Group CXCR7-siRNA-1 and 
control group at 48 h. A: CXCR7-siRNA-1 group; B: Control group. 

phorylation of which may par-
ticipate in signal transduction. 
It is widely accepted that 
CXCR4 is the only receptor of 
CXCL12, but recent studies 
have shown that CXCR7/AC- 
KR3 is also a CXCL12-specific 
receptor and highly compati-
ble with CXCL12. The affinity 
of CXCR7/ACKR3 and CXCL12 
is higher than that of CXCR4, 
and CXCR7/ACKR3 could bind 
to CXCL11, but the affinity of 
CXCR7/ACKR3 and CXCL12 is 
10~20 times of CXCL11. Stu- 
dies have shown that CXCR7/
ACKR3 is highly expressed in 
some cancer cells and is cl- 
osely related to tumor angio-
genesis, as well as the prolif-
eration, invasion, and migra-
tion of tumor cells [14]. The 

Table 6. Migration distance of BC cells after silencing CXCR7

Group Group I
Migration distance (μm)
12 h 24 h

1 CXCR7-siRNA-1 0.51±0.13 1.18±0.19 P < 0.05
2 NC 1.02±0.21 1.86±0.16
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their proliferation and tumorigenesis, and re- 
ducing the CXCR7/ACKR3 expression in nude 
mice can inhibit the cancerization of cells 
caused by infection [18]; in breast cancer cell 
lines, downregulating the CXCR7/ACKR3 ex- 
pression by 10% using siRNA can significantly 
reduce the tumorigenicity of breast cancer 
cells; Burus transfected small molecule CXCR7/
ACKR3 antagonist into mice, and found the 
tumor growth in mice was significantly inhibited 
[19], after silenced the CXCR7/ACKR3 gene, the 
growth of colon cancer xenograft was signifi-
cantly inhibited [20]. Aman found that CXCR7/
ACKR3, Wnt/B-catenin, and the FGF signaling 
pathway can mutually affect each other, thus 
controlling the selective migration of cells [21]; 
studies using the microarray technology to reg-
ulate CXCR7/ACKR3 also revealed that the 
overexpression of CXCR7/ACKR3 can cause the 
changes of such intracellular adherence fac-
tors as cadherin CDH11 and CD44, among 
which the content of CDH11 is positively relat-
ed to the invasion of tumors; CD44 can regu-
late the RAS signal, thus achieving the migra-
tion and invasion of tumor cells [22]; Yates 
found that CXCR7/ACKR3 is highly expressed in 
BC tissue than other normal bladder tissue, 
and this upregulation is closely related to the 
tumor grade or metastasis. In addition, more 
and more studies have shown that CXCR7/
ACKR3 is associated with the expressions of 
ERK, Stat3, and AKL in BC, as well as with the 
proliferation and migration pathways of many 
tumors [23]. The results of this study confirmed 
that the proliferation rate of bladder cancer 
cells was significantly slowed down after 
CXCR7/ACKR3 was silenced, which reached 
46.4% at 72 h, indicating that the CXCR7/
ACKR3 gene cansignificantly inhibit the prolif-
eration of bladder cancer cells. In addition, the 
number of transmembrane cells was signifi-
cantly reduced than the control group after 
intervened the expression of CXCR7/ACKR3, 

and the horizontal move distance of bladder 
cancer cells was significantly decreased, indi-
cating that silencing CXCR7/ACKR3 can signifi-
cantly inhibit the invasion and migration of the 
BIU-87 cells.

In order to improve the specificity of target gene 
silencing and ensure the non-homology with 
other genes, this study strictly compared the 
CXCR7/ACKR3 target sequence, but still cannot 
rule out the off-target effect (non-target gene 
silencing), so more studies are needed for the 
further confirmation. However, exploring the 
impact of RNAi-silencing CXCR7/ACKR3 on the 
invasion and metastasis of BC can block the 
invasion and migration of tumor cells and 
achieve the purpose of treating or even curing 
tumors, and it will open a new chapter in human 
BC gene therapies.
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