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Abstract. Cervical cancer is among the most prevalent forms 
of cancer worldwide. C-C chemokine receptor type 5 (CCR5) 
is hypothesized to be a key functional protein involved in 
tumorigenesis. However, the role of CCR5 in cervical cancer 
remains unclear. Reverse transcription-quantitative poly-
merase chain reaction and western blot analysis were used to 
evaluate the mRNA and protein expression levels of CCR5 in 
human cervical carcinoma tissues. Furthermore, a small inter-
fering RNA was employed to knockdown CCR5 in HeLa and 
C33A cells. MTT, colony formation and Transwell assays were 
performed to determine the effects of this knockdown on cell 
viability, proliferation and invasion. In addition, micro RNA 
(miR)‑107 was identified as a potential candidate regulator 
of CCR5 using miR prediction algorithms, and the effects of 
miR-107 and its antisense miR on CCR5 mRNA expression 
were determined. The results of the present study indicated 
that CCR5 is overexpressed in human cervical cancer tissues 
compared with adjacent normal tissues, and its downregula-
tion inhibits cervical cancer cell growth and proliferation. 
Furthermore, the downregulation of CCR5 appears to suppress 
cervical cancer cell invasion. Finally, the tumor suppressor 
miR-107 was able to directly target CCR5 and inhibit its 
expression. These results suggest that the upregulation of 
CCR5, which is inhibited by miR-107, may play a carcinogenic 
role in cervical cancer and could provide a novel therapeutic 
target in the future.

Introduction

Cervical cancer is the second most prevalent type of cancer 
among women worldwide (1), and is a complex disease 
involving numerous oncogenes or the abnormal expression 
of tumor suppressors (2,3). Currently, the phosphoinositide 

3-kinase(PIK3)/protein kinase B signaling pathway is consid-
ered crucial to the pathogenesis of cervical cancer. The PIK3 
catalytic subunit α gene is upregulated in cervical cancer due 
to the amplification of the chromosome 3q26.3 locus (4). In 
addition, tumor suppressor genes, such as phosphatase and 
tensin homolog, may be downregulated due to genetic muta-
tions or deletions, which contribute to the development of 
cervical cancer (5). However, the precise molecular mecha-
nisms underlying the pathogenesis of cervical carcinogenesis 
remain unclear. Therefore, it is crucial to identify specific 
molecular markers and mechanisms for use in cervical cancer 
detection.

C-C chemokine receptor type 5 (CCR5) belongs to the 
chemokines, a family of structurally-related proteins that were 
initially recognized as mediators of chemotaxis and cellular 
homing (6). This family is loosely divided into three groups: 
Homeostatic/constitutive chemokines, inflammatory/induc-
ible chemokines (7,8) and dual function chemokines. To date, 
CCR5 has been demonstrated to be involved in a variety 
of biological processes, including tumor development. For 
example, the expression of chemokine (C-C motif) ligand 5 
(CCL5), a ligand that binds with CCR5, correlates with breast 
cancer stage (9) and is associated with enhanced melanoma 
formation in nude mice (10). Furthermore, treatment with a 
CCL5 antagonist was observed to decrease tumor growth in 
a breast cancer model (11). Ng-Cashin et al demonstrated that 
CCR5 knockout was able to inhibit local tumor growth and 
improved responses to cancer vaccines in mice (12). In addi-
tion, van Deventer et al showed that the expression of CCR5 in 
stromal cells promoted pulmonary metastasis (13). However, 
few studies have investigated the association between CCR5 
and cervical cancer development. 

The aim of the present study was to investigate the expres-
sion of CCR5 in human cervical cancer cells, and to evaluate 
the effect of CCR5 knockdown on the viability, colony forma-
tion and invasiveness of the cells. Furthermore, the potential 
of micro RNA (miR)-107 as a regulator of CCR5 expression in 
the cervical cancer cells was evaluated.

Materials and methods

Human tissue samples. A total of 28 pairs of human cervical 
cancer and adjacent normal tissues were obtained from 
the Department of Gynecology, Yi-Du Central Hospital of 
Weifang, (Weifang, China). Informed consent was obtained 
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from all patients. The majority of the cancer was stage IIa or 
lower according to the International Federation of Gynecology 
and Obstetrics (FIGO) staging system (14). Histologically, all 
included biopsies were squamous cell carcinoma. All use of 
human specimens was approved and supervised by the Ethics 
Committee of Jinan Maternity and Child Care Hospital. The 
specimens were frozen in liquid nitrogen and stored at ‑80˚C 
until required.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was isolated 
using Invitrogen TRIzol reagent (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
protocol. Oligo (dT) primers and M-MLV reverse transcrip-
tase (Promega Corporation, Madison, WI, USA) were applied 
to reverse transcribe the 1 µg total RNA into cDNA. qPCR was 
performed to detect the CCR5 mRNA expression level using 
a SYBR Premix Ex Taq™ kit (Takara Bio, Dalian, China) 
according to the manufacturer's protocol. β-actin was used 
as the reference gene. qPCR cycling was performed using the 
iQ5 real-time PCR detection system (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA), under the following conditions: 
Denaturing at 94˚C for 4 min, followed by 40 cycles of ampli-
fication including 94˚C for 60 sec, 58˚C for 60 sec, and 72˚C 
for 60 sec. Primers used for the qPCR were as follows: CCR5 
forward, 5'-GAG ACT CTT GGG ATG ACG C-3' and reverse, 
5'‑GTT TGG CAA TGT GCT TTTG‑3'; and β-actin forward, 
5'-TGC GTG ACA TTA AGG AGA AGC-3' and reverse, 5'-TCC 
ATG CCC AGG AAG GAA-3' (Genewiz, Inc., Beijing, China). 
All qPCR experiments were conducted in triplicate.

Western blot analysis. Cells were homogenized in radioim-
munoprecipitation assay (RIPA) lysis buffer (BioVision, Inc., 
Milpitas, CA, USA) in the presence of 1% (v/w) protease inhib-
itor cocktail (Pierce Biotechnology, Inc., Rockford, IL, USA). 
Total protein was isolated and, following the measurement of its 
concentration using a Bicinchoninic acid assay (Qcbio Science 
& Technologies, Co., Ltd., Shanghai, China), 20 µg protein was 
separated by 10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (ZhiYou Biotechnology Co., Ltd., Guangzhou, 
China) and blotted onto nitrocellulose membranes (EMD 
Millipore, Billerica, MA, USA). The membranes were subse-
quently incubated with polyclonal rabbit anti-human CCR5 
antibody (1:1,000; ab65850; Abcam, Cambridge, MA, USA) 
and monoclonal rabbit anti-human β-actin antibody (1:1,000; 
ab181602; Abcam) in blocking solution overnight at 4˚C. After 
washing five times with phosphate‑buffered saline solution, 
the membranes were probed with a secondary horseradish 
peroxidase‑conjugated goat anti‑rabbit IgG antibody (1:1,000; 
ab150077; Abcam) for 2 h at room temperature. The relative 
amount of protein was normalized to β-actin and analyzed 
with a Gel‑Pro Analyzer, version 4.0 (Media Cybernetics, Inc., 
Rockville, MD, USA). 

Small interfering RNA (siRNA) for CCR5 knockdown. siRNA 
used for the knockdown of CCR5 (siRNA-CCR5) was 
purchased from Chang Jing Bio-Tech, Ltd. (Changsha, China). 
The CCR5 knockdown siRNA sequence was as follows: 
siRNA-CCR5 (top), 5'-GAT CCG TCC AAT CTA TGA CAT 
CAA TTC AAG AGA TTG ATG TCA TAG ATT GGA CTT TTT 

TGG AAG AAT TCA-3' and siRNA-CCR5 (bottom), 5'-AGC 
TTG AAT TCT TCC AAA AAA GTC CAA TCT ATG ACA 
TCA ATC TCT TGA ATT GAT GTC ATA GAT TGG ACG-3'. A 
scrambled siRNA (siRNA-NC) was used as a control. 

Cell culture and transfection. Human cervical cancer cell lines 
HeLa and C33A (ZhiYou Biotechnology) were maintained in 
RPMI‑1640 medium (Thermo Fisher Scientific, Inc.) supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum 
(FBS), 100 IU/ml penicillin and 100 µg/ml streptomycin 
(Sigma-Aldrich, St. Louis, MO, USA) at 37˚C in a humidified 
atmosphere with 5% CO2. Transfection was performed using 
Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.) 
following the manufacturer's protocol.

MTT and colony formation assays. Transfected cells were 
plated in 96-well plates at a density of 5,000 cells/well. At 48 h 
after transfection, the cells were incubated with MTT for 4 h 
at 37˚C. The cells were then agitated with MTT solvent on 
an orbital shaker at 377 x g for 10 min in the dark at room 
temperature (Thermo Fisher Scientific, Inc.). The absor-
bance was measured at 570 nm using a spectrophotometer 
(M5/M5a; Xinhua, Guangdong, China). In the colony forma-
tion assay, cells were seeded into a 12-well plate at a density of 
200 cells/well, with a change of medium every 3 days. After 
~10 days, the majority of the cell clones contained >50 cells. 
The clones were washed with 1X phosphate-buffered saline 
and stained with crystal violet (Yuanye Bio-Technology, Co., 
Ltd., Shanghai, China) for ~5 min.

Cell invasion assay. Invasion assays were performed in 
24‑well Transwell chambers (Corning Incorporated, Corning, 
NY, USA). The upper compartments of the chambers were 
filled with 100 µl pre‑chilled serum‑free RPMI‑1640 mixed 
with Matrigel (1:7; BD Biosciences, Franklin Lakes, NJ, 
USA). The Matrigel remained at room temperature for 4 h for 
solidification. Subsequently, 5x104 HeLa cells or 8x104 C33A 
cells were trypsinized, washed and resuspended in serum-free 
RPMI‑1640, then seeded in the upper chamber. An additional 
500 µl RPMI‑1640 containing 10% FBS was added to the 
lower chamber as a chemoattractant. The chambers were 
incubated at 37˚C in 5% CO2 for 24 h (HeLa cells) or 48 h 
(C33A cells), then fixed in 100% methanol. Fixed cells were 
stained with crystal violet and the number of invasive cells was 
counted. Five random fields in each chamber were analyzed. 
Assays were performed in triplicate.

Identification of a CCR5‑targeting miRNA using multiple 
miRNA target prediction algorithms. In order to identify a 
sequence potentially capable of inhibiting the expression of 
CCR5, a number of miRNA target prediction software pack-
ages were used, namely Targetscan (http://www.targetscan.org), 
microRNA.org, DIANA (http://diana.imis.athena-innovation.
gr/DianaTools/index.php?r=microT_CDS/index) and miRwalk 
(www.umm.uni-heidelberg.de/apps/zmf/mirwalk/).

Luciferase assay of the effect of miR107 on CCR5 expres‑
sion. A pcDNA3/enhanced green f luorescent protein 
(EGFP)-CCR5-3' untranslated region (UTR) vector and 
the mutant pcDNA3/EGFP-CCR5-3'UTR, in which a 
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number of nucleotides within the binding sites were 
mutated, were purchase from ZhiYou Biotechnology 
Co., Ltd. For the luciferase reporter assay, the HeLa cells 
were co-transfected with a miR-107 mimic (Genewiz, 
Inc.)  and pcDNA3/EGFP/CCR5-3'UTR or mutant 
3'UTR, whereas the control cells were transfected with 
pcDNA3/EGFP-CCR5-3'UTR or mutant 3'UTR only. The 
plasmid expressing red fluorescent protein (RFP) was trans-
fected as the spike-in control. At 48 h after transfection, the 
cells were lysed using RIPA buffer, and the EGFP and RFP 
intensities were measured using an F‑4500 fluorescence 
spectrophotometer (Hitachi, Ltd., Tokyo, Japan).

Statistical analysis. All data are presented as the mean ± stan-
dard deviation, and the difference between groups was 

determined using the two-tailed Student's t-test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

CCR5 is upregulated in human cervical cancer tissues. In 
order to determined the role of CCR5 in cervical cancer, the 
mRNA expression levels of CCR5 were evaluated in 28 pairs 
of human cervical cancer samples and adjacent normal tissues 
using RT-qPCR. The results revealed that CCR5 mRNA 
expression was increased in the majority of cancer tissues 
compared with the matched normal control tissues (Fig. 1A). 
To further confirm the upregulation of CCR5, western blot 
analysis was performed to detect the CCR5 protein expres-
sion levels in samples 015 and 043 and confirmed that it was 

Figure 1. Relative CCR5 mRNA and protein expression levels in cervical carcinoma tissues. (A) CCR5 mRNA expression level in 28 pairs of cervical tumor 
tissues (TT) and matched adjacent normal tissues (ANT) was determined using reverse transcription-quantitative polymerase chain reaction. GAPDH was 
used as an endogenous reference gene. (B) Representative protein expression level of CCR5 in cervical tissues is shown in samples 015 and 043. *P<0.05 vs. 
ANT. CCR5, C-C chemokine receptor type 5.
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higher in the tumor tissue than in the adjacent normal tissue 
(Fig. 1B). These results indicate that CCR5 is upregulated in 
human cervical cancer, suggesting that CCR5 may exert an 
oncogenic effect in cervical cancer development.

Downregulation of CCR5 affects cervical cancer cell growth. 
On the basis of the results demonstrating that CCR5 is upregu-
lated in cervical cancer cells, it was speculated that CCR5 
may affect cervical cancer cell growth. Firstly, siRNA-CCR5 
(for knockdown of CCR5) or an siRNA control vector were 
transfected into HeLa and C33A cells, and the mRNA and 
protein expression levels of CCR5 were evaluated using 

RT-qPCR and western blot analysis. As shown in Fig. 2A 
and B, CCR5 mRNA and protein expression levels in HeLa 
and C33A cells transfected with siRNA-CCR5 were evidently 
decreased compared with those in the cells transfected with 
the scrambled siRNA. Next, an MTT assay was performed to 
determine the effect of CCR5 on HeLa and C33A cell viability. 
The results indicate that cells transfected with siRNA-CCR5 
had decreased cell viability at 48 and 72 h compared with the 
cells transfected with scramble siRNA (Fig. 2C and D). In 
addition, colony formation assays were performed to assess 
the effect of CCR5 on the long-term proliferative capacity of 
HeLa and C33A cells. As shown in Fig. 2E and F, the colony 

Figure 2. Downregulation of CCR5 levels inhibits HeLa and C33A cell growth. CCR5 expression level in HeLa and C33A cells was effectively reduced by 
siRNA-CCR5 transfection. (A) Reverse transcription-quantitative polymerase chain reaction and (B) western blot analysis were performed to detect CCR5 
mRNA and protein expression, respectively. GAPDH was used for normalization. (C) HeLa and (D) C33A cells were transfected with the siRNA-CCR5 or 
control vector. MTT assays were used to determine the relative cellular proliferation at 48 and 72 h. Cell absorption was measured at 570 nm. The growth of 
the (E) HeLa and (F) C33A cells measured using colony formation assays. Data presented as the mean ± standard deviation of three experiments. *P<0.05 vs. 
siRNA‑NC. CCR5, C‑C chemokine receptor type 5; siRNA, small interfering RNA; NC, normal control; OD, optical density.
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number of HeLa and C33A cells treated with siRNA-CCR5 
decreased by approximately half compared with the colony 
number in the control group. These results suggest that the 
downregulation of CCR5 is able to inhibit cervical cancer cell 
growth and proliferation.

Downregulation of CCR5 inhibits the invasion of cervical 
cancer cells. Previous studies have shown that CCR5 is 
associated with tumor cell invasiveness (15). Therefore, a cell 
invasion assay was performed to determine whether CCR5 was 
associated with cervical cancer cell invasion. Compared with 
the control group, the invasive cell number decreased ~2-fold 
in the HeLa and C33A cells transfected with siRNA-CCR5 
(Fig. 3), which suggests that the downregulation of CCR5 is 
able to inhibit cervical carcinoma cell invasion.

miR‑107 is a candidate regulator of CCR5 in cervical 
cancer cells. miRNAs function as tumor suppressors or 
oncogenes via the direct regulation of associated oncogenes 
or tumor suppressor genes. Tumor suppressor miRNAs 
are usually downregulated in tumors and may result in the 
reduced expression of tumor oncogenes and contribute to 
the tumorigenesis of cancers. The upregulation of CCR5 
in cervical cancer tissues suggests that miRNAs may be 
crucially involved in the regulation of CCR5 in cervical 
cancer development. Improved specificity of miRNA predic-
tion may be attained by the consensus of multiple algorithms. 
Therefore, four programs (Targetscan, miRanda, DIANA 
and miRwalk) were used in the present study to predict an 
miRNA sequence able to target the CCR5 3'UTR and regu-
late its expression. Finally, miR-107, the mRNA 3'UTR of 
which contains a putative CCR5 binding site (Fig. 4A), was 
identified as a candidate for directly targeting CCR5. This 
analysis is consistent with a model in which tumor suppressor 
miRNAs negatively regulate tumor oncogenes during tumor 
development. To confirm that CCR5 expression was directly 
regulated by miR-107, a luciferase reporter system was 
applied in HeLa cells. Fig. 4B shows that miR‑107 was able 
to directly target the CCR5 mRNA 3'UTR. Next, whether 
the endogenous CCR5 was regulated by miR-107 in cervical 

Figure 3. Downregulation of CCR5 inhibits the invasive ability of HeLa and C33A cells in vitro. Transwell invasion assays were performed using (A) HeLa 
and (B) C33A cells transfected with siRNA-CCR5 or control vector. The numbers of invasive cells were counted and representative images are shown. Data 
are presented as the mean ± standard deviation of three experiments. *P<0.05 vs. siRNA‑NC. siRNA, small interfering RNA; CCR5, C‑C chemokine receptor 
type 5; NC, normal control.

Figure 4. CCR5 is a direct target of miR‑107. (A) CCR5 was identified as a 
potential target of miR-107 using bioinformatics. (B) Algorithms between 
miR-107 and the 3'UTR of CCR5, and the mutant CCR5 3'UTR, in which 
a number of nucleotides within binding sites were mutated. A luciferase 
reporter assay was performed to detect the effect of miR-107 on the lucif-
erase intensity controlled by the 3'UTR of potential targets. (C) Western 
blot analysis was performed to detect the effect of miR-107 on the protein 
levels of CCR5 (*P<0.05). miR, microRNA; CCR5, C‑C chemokine receptor 
type 5; UTR, untranslated region; wt, wild type; mut, mutant; NC, normal 
control; anti, antisense miR.
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cancer cells was investigated. The results of a western blot 
assay demonstrated that the CCR5 protein expression level 
was negatively regulated by miR‑107 (Fig. 4C). Thus, it was 
concluded that CCR5 is negatively regulated by miR-107 in 
cervical cancer cells.

Discussion

CCR5 has been demonstrated to promote tumor growth in 
cancer cell in vitro and metastasis in a mouse model (16,17). 
Furthermore, a prior study indicated that CCR5 heterozygous 
genotype (+/Δ32) may have a significant effect on the early 
stage of cervical cancer development (18). However, there is 
no direct evidence for the involvement of CCR5 in cervical 
cancer tumorigenesis. Therefore, the aim of the present study 
was to determine whether CCR5 participates in cervical 
cancer tumorigenesis. Firstly, CCR5 mRNA expression levels 
were evaluated using RT-qPCR and western blot analysis in 
cervical cancer tissues and matched adjacent normal control 
tissues. The results showed that the mRNA expression of 
CCR5 was upregulated in 21 cancer tissues compared with 
the matched normal tissues (28 pairs of specimens in total). 
Next, the effect of CCR5 on cervical cancer cell lines was 
investigated using an siRNA to knockdown CCR5. MTT and 
colony formation assays indicate that knockdown of CCR5 
had an inhibitory effect on the growth of these cells. Thus, 
it may be speculated that CCR5 is able to promote cervical 
cancer proliferation. In addition, the results of cell invasion 
assays indicate that knockdown of CCR5 is able to inhibit 
HeLa and C33A cell invasion. Collectively, the present results 
suggest that CCR5 may function as an oncogene during 
cervical cancer development.

Accumulating evidence indicates that the downregulation 
of tumor suppressor miRNAs may be a common mechanism in 
the tumorigenesis of cervical cancer though target oncogenes. 
For example, miR-99a and -99b have been found to inhibit 
cervical cancer cell proliferation and invasion by targeting 
the mechanistic target of rapamycin signaling pathway (19). 
Another miRNA, miR-506 functions as a tumor suppressor by 
targeting the hedgehog signaling pathway transcription factor 
GLI3 in human cervical cancer cells (20). In the present study, 
CCR5 was upregulated in all of the cervical cancer tissues 
tested, indicating that it may serve an oncogenic function in 
tumorigenesis (Figs. 1-3). Therefore, in order to determine 
the association between the miRNA-mediated suppression of 
CCR5 and the expression of CCR5 in cervical cancer devel-
opment, a bioinformatics approach was used in the present 
study to predict miRNAs that could bind to the CCR5-3'UTR. 
Four independent miRNA target prediction algorithms indi-
cated that miR-107 was a potential candidate. Furthermore, a 
luciferase reporter assay showed that miR‑107 significantly 
decreased the luciferase activity of CCR5-3'UTR, while 
RT-qPCR and western blot analyses indicated that the 
miR-107 was able to directly repress endogenous CCR5 
mRNA and protein expression. These results indicate that 
the upregulation of CCR5 may at least be partly attributed to 
downregulation of miR-107.

miR-107 has been a widely researched miRNA in the 
development of various types of cancer (21). To date, a number 
of studies have indicated the involvement of miR-107 in cell 

cycle arrest and growth suppression in lung and pancreatic 
cancer (22,23). However, miR-107 has additionally been 
shown to promote invasiveness and metastatic dissemina-
tion in breast cancer cells (24). In addition, a previous 
study suggested that the upregulation of miRNA-107 exerts 
an inductive effect on the proliferation of human gastric 
cancer cells by targeting the transcription factor forkhead 
box protein O1 (25). Thus, it is apparent that miR-107 is 
able to function as a tumor suppressor or as an oncomiR, 
depending on the type of cell. The results of the present study 
indicate that miR-107 directly targets CCR5 and represses 
its expression in cervical cancer cells, which implies that 
the miR-107/CCR5 axis may contribute to the development 
of cervical cancer. However, the exact mechanism by which 
miR-107 affects the cervical cancer cell phenotype is unclear 
and requires further study. 

In conclusion, CCR5 is overexpressed in cervical cancer 
cells and may function as a tumor oncogene. Furthermore, 
the knockdown of CCR5 was able to repress cervical cancer 
cell proliferation and invasion. In addition, it was identified 
and experimentally validated that miR-107 directly targets 
CCR5, potentially providing a molecular mechanism for the 
upregulation of CCR5 in cervical cancer. Therefore, miR-107 
and CCR5 may be of use as novel therapeutic targets for the 
treatment of cervical cancer.
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