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Abstract: Background: C-X-C motif chemokine ligand 5 (CXCL5), an important chemokine, has been validated to
promote human tumorigenesis. However, the clinical significance and the underlying molecular mechanisms of
CXCL5 have not been completely explored in cervical cancer. Herein, the aim was to investigate miR-577-mediated
CXCL5 signaling in cervical tumorigenicity. Material and methods: Sixty-one pairs of cervical cancer specimens
and para-carcinoma tissues were collected to measure miR-577 and CXCL5 expression levels. miR-577 mimics
and/or si-CXCL5 were transfected into cervical cancer cell lines, Hela, and SiHa cells, to determine their effect
on cell proliferation, migration and apoptosis. Results: Our results demonstrated that CXCL5 is overexpressed in
cervical cancer tissues and cell lines. Knockdown of CXCL5 with specific siRNA transfection in Hela and SiHa cells
significantly inhibited cell proliferation and migration and induced apoptosis in vitro. We also report that CXCL5 is
a direct target of miR-577. Additionally, transfection of miR-577 mimics can inhibit CXCL5 protein expression, but
not mRNA in Hela cells. miR-577 mimic transfection significantly inhibits migration and induces apoptosis in Hela
and SiHa cells. However, the antineoplastic activities of miR-577 are reversed by overexpression of CXCL5 in vitro.
Conclusions: Overexpression of CXCL5 is involved in tumor development of cervical cancer. Inhibition of CXCL5 by
its post-transcriptional regulator, miR-577, may provide a promising therapeutic strategy for patients with cervical
cancer.
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microRNAs (miRs), a class of non-coding RNAs,
are approximately 22 nucleotides in length, and
are involved in post-transcriptional and epigen-
etic regulation by partial or entire complemen-
tary base pairing with the 3’-untranslated re-
gions (3’-UTR) of target mRNA [10, 11]. To our
knowledge, dysregulation of miRs expression
is observed in the overwhelming majority of
human malignant tumors [10, 12, 13]. Numer-
ous miR studies are devoted to elaborating the
function of each miR in the pathogenesis of cer-
vical cancer [14-16]. For example, miR-106b-5p
and miR-146b-3p are up-regulated and exacer-
bate cervical cancer progression [16, 17]. How-
ever, miR-134-5p and miR-144-3p are down-

Introduction

C-X-C motif chemokine ligand 5 (CXCL5) is an
important chemokine and has been reported
to accelerate tumor growth, metastasis and
angiogenesis [1, 2]. Compared with normal tis-
sues or para-carcinoma tissues, overexpres-
sion of CXCL5 has been disclosed in more th-
an fourteen different cancer tissues [3]. Some
researchers reveal that CXCL5 is secreted by
tumor cells into the tumor microenvironment
and confers the malignant phenotypes on tu-
mor cells [4-6] by mediating multiple signaling
pathways, including epithelial-mesenchymal tr-
ansition, GSK3pB/B-catenin and ERK/MSK1/
Elk-1/snail [7-9]. However, the clinical signifi-

cance and underlying molecular mechanisms
of CXCL5 have not been completely explored in
the progression of cervical cancer.

regulated and serve as tumor-suppressive miR-
NAs to repress cell growth and metastasis in
cervical cancer [18, 19]. Herein, we aimed to
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explore whether CXCL5 can be regulated by
miRs in the progression of cervical cancer.

miR-577 has been identified as a tumor sup-
pressor in various cancers, including prosta-
te cancer, glioblastoma, and colorectal cancer
[20-22]. In cervical cancer, the abrogation of
miR-577 facilitates proliferation and migration
of cervical cancer cells [14]. Our results indi-
cate that miR-577 is decreased and negatively
correlated with CXCL5 in cervical cancer. CX-
CL5 is identified as a direct target of miR-577.
The knockdown of CXCL5 or overexpression of
miR-577 can inhibit proliferation and migration
and induces apoptosis of cervical cancer cells
in vitro.

Material and methods
Clinical specimens

Sixty-one pairs of cervical cancer specimens
and para-carcinoma tissues were collected fr-
om the First Affiliated Hospital of the Air Force
Medical University of PLA (Xi'an, China) to ev-
aluate miR-577 and CXCL5 expression. Infor-
med consent was obtained from the patients.
This study was authorized by the Ethics Com-
mittee of the First Affiliated Hospital of the Air
Force Medical University of PLA.

Cell culture and transfection

Human normal cervical squamous cell line
Ect1/EGE7 (CHI Scientific, Inc., Maynard, MA,
USA) and cervical cancer cell lines Hela and
SiHa (ATCC, USA) were maintained in DMEM,;
(Gibco, USA) containing 10% FBS (Gibco, USA)
with 5% CO, at 37°C. miR-Con, miR-577 mim-
ics, miR-577-Mut, and overexpressed CXCL5
plasmids were purchased from GenePharm
(Shanghai, China) and transfected into Hela
and SiHa cells using lipofectamine 2000 (Invi-
trogen).

Immunohistochemical (IHC) staining and histo-
logic scoring

IHC analysis was performed to evaluate CXCL5-
positive staining in cervical cancer specimens
and para-carcinoma tissues. Primary antibody
to CXCL5 (dilution: 1:100; R&D Systems, MN,
USA) was used to incubate paraffin sections.
Histologic scoring was evaluated by two pa-
thologists as described previously [23].
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Western blot

Western blot was performed to analyze CXCL5
protein expression as described previously
[23]. CXCL5 primary antibody (dilution: 1:1000;
R&D Systems) was used to incubate the protein
membrane.

Cell proliferation, migration and apoptosis as-
says

Cell viability was analyzed using a cell counting
kit-8 (CCK-8; Dojindo, Japan) as described pre-
viously [23]. Cell migration was detected using
the transwell chamber (8 u pore size) without
the Matrigel matrix. Cell apoptosis was evalu-
ated using TUNEL staining (Roche) as described
previously [24]. Cells with TUNEL-positive stain-
ing (red) indicated apoptosis.

Luciferase reporter assay

Wild-type (WT) and mutant-type (Mut) 3-UTR
of CXCL5 were obtained from GenePharm
(Shanghai, China) and inserted into the multi-
ple cloning sites of the luciferase-expressing
pMIR-REPORT vector (Ambion). Hela cells were
co-transfected with the WT or Mut 3’-UTR of
CXCL5 (0.5 pg) into miR-con, miR-577 mimic
(100 nm) or miR-577-mut transfected cells. The
luciferase activity was measured using a Iu-
ciferase reporter assay kit (Promega Corpora-
tion, Madison, WI, USA).

Statistical analysis

Data are shown as mean % standard deviation.
The student t-test (or Mann-Whitney U test) was
used to analyze two-group differences. Inter-
group differences were analyzed by one-way
ANOVA. Overall survival was performed using
the Kaplan-Meier method with the log-rank
test. Pearson correlation analysis was perfor-
med to evaluate the correlation between miR-
577 and CXCL5 in cervical cancer tissues. SP-
SS (version 23.0) was used to perform statisti-
cal analysis. A p-value < 0.05 was considered
significant.

Results

CXCL5 is up-regulated in cervical cancer tis-
sues and cell lines

IHC staining uncovered that CXCL5 positive
staining is significantly elevated in cervical tis-
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Figure 1. CXCL5 is up-regulated in cervical cancer tissues and cell lines. IHC staining was performed to analyze
CXCL5 positive staining in cervical cancer tissues and para-carcinoma tissues (A: left: magnification 40x; right:
maghnification 200x) and quantitative analysis (B). Western blot was used to measure CXCL5 protein expression in
human normal cervical squamous cell line Ect1/EGE7 and cervical cancer cell lines Hela and SiHa (C and D). "P <

0.05. CC, cervical cancer.

sues compared with corresponding para-carci-
noma tissues (Figure 1A and 1B). Compared
with human normal cervical squamous cell line
Ect1/EGE7, CXCL5 protein expression exhibits
a significant increase in Hela and SiHa cells
(Figure 1C and 1D).

High CXCL5 expression is correlated with poor
overall survival of cervical cancer patients

High CXCL5 expression (n = 37) in cervical
cancer is defined as 2-fold higher than that
of in para-carcinoma tissues. Following the
Kaplan-Meier method with log-rank test, cer-
vical cancer patients with high CXCL5 expres-
sion have shorter overall survival than those
of patients with low CXCL5 expression (n = 24)
(Figure 2A). In addition, FIGO stage (Figure
2B), lymph node metastasis (Figure 2C), and
invasion depth (Figure 2D) are related to OS.
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Our findings suggest that CXCL5 is a poor prog-
nostic indicator of cervical cancer.

Inhibition of CXCL5 impedes cervical cancer
cell proliferation and migration in vitro

After following specific si-CXCL5 transfection,
cell growth, migration and apoptosis were ana-
lyzed using CCK-8, transwell assay and TUNEL
staining in Hela and SiHa cells. CCK-8 analys-
is revealed that CXCL5 knockdown leads to a
significant inhibition of the proliferation rate of
Hela and SiHa cells (Figure 3A and 3B). Com-
pared with si-Con transfection, transfection
with si-CXCL5 into Hela and SiHa cells signifi-
cantly represses cell migration in vitro (Figure
3C and 3D). As shown in Figure 3E and 3F, the
silencing of CXCL5 significantly increases TUN-
EL-positive staining cells, suggesting that sup-
pression of CXCL5 can induce cervical cancer
cell apoptosis.

Int J Clin Exp Pathol 2020;13(12):2984-2993
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Figure 2. High CXCL5 expression is correlated with poor overall survival of cervical cancer patients. Cervical cancer
patients were divided into two groups: high CXCL5 expression (n = 37) and low CXCL5 expression (n = 24). Cervical
cancer patients with high CXCL5 expression are associated with shorter overall survival (A), poorer FIGO stage (B),
lymph node metastasis (C), and deeper invasion depth (D).

miR-577 directly targets CXCL5

Based on online bioinformatics software, miR-
577 can bind with the 3’-UTR of CXCL5 (Figure
4A). To further validate whether miR-577 dir-
ectly targets CXCL5, a luciferase reporter gene
was constructed containing either CXCL5 WT-
type or Mut-type 3’-UTR. After transfection wi-
th miR-577 mimics, but not the miR-577-Mut
sequence, luciferase reporter activity is signi-
ficantly decreased in WT-type cells. However,
transfection with miR-577 mimics or miR-577-
Mut sequence has no obvious effect on luci-
ferase reporter activity in Mut-type cells (Fi-
gure 4B). RT-gPCR results suggested that tr-
ansfection with miR-577 mimics or miR-577-
Mut sequence has no impact on CXCL5 mRNA
expression (Figure 4C), but CXCL5 protein ex-
pression is significantly inhibited following miR-
577 mimic transfection, but not miR-577-Mut,
in Hela cells (Figure 4D and 4E), suggesting th-
at miR-557 functions as a post-transcriptional
regulator to directly target CXCL5.
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miR-577 is decreased in cervical cancer tis-
sues

mMiR-577 expression levels were measured us-
ing RT-gPCR assay in sixty-one pairs of cervi-
cal cancer and para-carcinoma tissues. Our
results indicated that miR-577 expression lev-
els are significantly decreased in cervical can-
cer tissues compared with para-carcinoma tis-
sues (Figure 5A). Interestingly, Pearson corre-
lation analysis revealed that miR-577 expres-
sion is inversely correlated with CXCL5 protein
expression in cervical cancer tissues (Figure
5B).

Overexpression of CXCL5 restrains miR-577-in-
duced migratory inhibition and apoptosis

After transfection with miR-577 mimics into
Hela and SiHa cells, cell migration is signifi-
cantly inhibited (Figure 6A and 6B), and cell ap-
optosis is significantly elevated in vitro (Figure

Int J Clin Exp Pathol 2020;13(12):2984-2993
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Figure 4. CXCL5 is a direct target of miR-77. Based on online bioinformatics software, miR-577 can bind with the 3'-
UTR of CXCL5 (A). A luciferase reporter gene was constructed containing either a CXCL5 WT-type or Mut-type 3’-UTR
of the miR-577 binding site (B). After transfection with miR-577 mimics or miR-577-Mut sequence into Hela cells,
RT-gPCR (C) and western blot (D and E) were performed to measure CXCL5 mRNA and protein expression. n = 3 in
each group. “P < 0.05.
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Figure 5. miR-577 is decreased in cervical cancer tissues. miR-577 expression levels were measured using RT-
qPCR assay in sixty-one pairs of cervical cancer and para-carcinoma tissues (A). Pearson correlation analysis was
performed to evaluate the correlation between miR-577 and CXCL5 in cervical cancer tissues (B).

pression of CXCL5, reflecting that CXCL5 is Discussion

a downstream target of miR-577 to regulate

migration and apoptosis of cervical cancer In our study, experimental evidence suggests
cells. that CXCL5 is a direct target of miR-577 and is
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implicated in the progression of cervical can-
cer. Overexpression of CXCL5 is observed in
cervical cancer tissues and cell lines. CXCL5
loss-of-function significantly inhibits cell pro-
liferation and migration and induces apoptos-
is in Hela and SiHa cells. These findings sug-
gest that CXCL5 may serve as a cancerogenic
action in cervical cancer progression.

Previous studies exhibit that CXCL5 functions
as an oncogene in diverse human malignanci-
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es [1, 8, 25, 26]. For example, serum CXCL5
and tumorous CXCL5 are markedly higher in
nasopharyngeal carcinoma (NPC) patients th-
an those of in the corresponding control group
[25]. CXCL5 knockdown inhibits NPC cell grow-
th in vivo and in vitro and impedes cell migra-
tion and invasion in vitro [25]. IHC staining
confirms that CXCL5 protein expression is over-
expressed in tumor specimens and positively
correlated with poor tumor stages and progno-
sis in patients with colorectal cancer [8]. CXCL5

Int J Clin Exp Pathol 2020;13(12):2984-2993



miR-577/CXCL5 axis contributes to cervical tumorigenesis

recombinant protein promotes breast cancer
cell proliferation and metastasis to bone [1].
A comprehensive meta-analysis, including 19
cohorts and 5070 patients, highlights that ele-
vation of CXCL5 may be an adverse prognostic
marker for poor overall survival, progression-
free survival, and recurrence-free survival [26].
Consistent with these previous studies [1, 8,
25, 26], our study found that cervical cancer
patients with high CXCL5 expression get poor
overall survival, high FIGO stage, lymph node
metastasis, and tissue invasiveness. Based on
high CXCL5 expression in cervical cancer ce-
lls, specific siRNA was established to silence
CXCL5 expression in in vitro experiments. After
transfection with si-CXCL5 into Hela and SiHa
cells, the migratory and invasive abilities of cer-
vical cancer cells are significantly inhibited, and
cell apoptosis is enhanced in vitro. These find-
ings suggest that overexpression of CXCL5
possesses cancer-promoting roles in cervical
cancer.

Usually, miR mediates multiple targets to mo-
dulate pathophysiologic processes [27, 28].
Overexpression of miR-577 acutely represses
the invasiveness and EMT of breast cancer by
regulating Rab25 [29]. miR-577 exacerbates
metastasis and chemoresistance of gastric
cancer by targeting SDPR [30]. The knockdo-
wn of miR-577 restores RAB14 to preserve
the oncological behavior of cervical cancer
[14]. Herein, we report that CXCL5 is a target
of miR-577. Additionally, post-transcriptional
mechanistic investigation corroborates that
miR-577 can inhibit CXCL5 protein expression,
but not mRNA. In mammals, miRs preferential-
ly regulate protein translation by partially bind-
ing with the 3-UTR of mRNA [31, 32]. miRs
may have not the function of degrading mRNA,
but the binding sites can prevent mRNA tr-
anslation to reduce protein synthesis [31, 32].
miR-577 mimic transfection significantly inhib-
its migration and induces apoptosis in Hela
and SiHa cells. However, the antineoplastic ac-
tivities of miR-577 are reversed by overexpres-
sion of CXCL5 in vitro. These results reveal that
the miR-577/CXCL5 signaling axis contributes
to the pathogenesis of cervical cancer.

In conclusion, our results exhibit that overex-
pression of CXCL5 is an aggressiveness factor
for cervical cancer. We also present a novel si-
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gnaling pathway of miR-577/CXCL5 to media-
te cervical cancer cell migration and apoptosis.
Inhibition of CXCL5 by its post-transcriptional
regulator, miR-577, may provide a promising
therapeutic strategy for cervical cancer pati-
ents.
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