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ABSTRACT ARTICLE HISTORY
Cervical cancer is the most common malignant tumor in gynecology with high mortality rate, so novel Received 29 November 2021
approaches for cervical cancer treatment are urgently needed. In this study, we analyzed the gene  Revised 24 January 2022
expression data and clinicopathological data of The Cancer Genome Atlas (TCGA) and Genotype- Accepted 26 January 2022
Tissue Expression Project (GTEx) downloaded from University of California Santa Cruz (UCSC) Xena  kgywoRbps

database. Chemokine (C-X-C motif) ligand 1 (CXCL1) was screened out as a key prognostic gene for CXCL1; CXCR2: cervical
cervical cancer. Revealed by the results of ELISA and Western blot, the expression of CXCL1 and cancer; chemokine system;
chemokine (C-X-C motif) receptor 2 (CXCR2) in cervical cancer cell lines (HeLa and C33A) was autocrine loop
significantly higher than that in the primary cervical epithelial cells. Cellular immunofluorescence

was used in this study to observe CXCR2 localization. Through CCK8, clone formation assay, wound

healing assay and Annexin V/PI staining, it was found that down-regulation of CXCL1 expression or

treatment with CXCR2 antagonist (SB 225002) could reduce the cell viability, affect the proliferation,

weaken the migration ability, and promote the apoptosis of cervical cancer cells; however, the effect

of CXCR2 antagonist was improved after over-expressed CXCL1. CXCL1/CXCR2 chemokine system

regulates the proliferation, migration, and apoptosis of cervical cancer cells in the form of an autocrine

loop, thus affecting the development of cervical cancer. This study provides a theoretical basis for

researching the molecular mechanism of cervical cancer deterioration and development, and brings

forward a new idea for the prevention and treatment of cervical cancer.
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Introduction

Cervical cancer is the most common malignant
tumor in gynecology and is the second leading
cause of cancer deaths in women [1]. In recent
years, the age of cervical cancer patients has
a tendency to be younger. It not only seriously
threatens women’s health, but also brings heavy
economic burdens to the society and the families
of patients [2]. The occurrence and development
of cervical cancer is a multifactorial and multi-
stage process. Many oncogenes, tumor suppressor
genes and metastasis-related genes jointly affect
the process of cervical cancer [3]. The most com-
mon treatments for cervical cancer are surgery
and radiotherapy, and comprehensive treatment
is considered the new trend for curing the dis-
ease. Chemotherapy combined with radiotherapy,
chemotherapy combined with surgery, radiother-
apy combined with surgery and other treatment
modalities are applied increasingly in the clinical
practice [*7°]. However, the mortality of cervical
cancer is still high. Therefore, it is of great impor-
tance to further study the molecular mechanisms
of cervical cancer, which will provide
a theoretical basis for the treatment of cervical
cancer.

Through bioinformatics analysis, we found that
the expression of chemokine (C-X-C motif) ligand
1 (CXCL1) was up-regulated in cervical cancer,
and significantly correlated with prognosis.
CXCL1 is a member of the C-X-C family of che-
mokines [7]. Studies have found that the expres-
sion of CXCL1 in colon cancer is significantly
higher than that in normal colon tissues [8,9];
the high expression of CXCL1 is a poor prognostic
biomarker in metastatic colorectal cancer (CRC)
and stage III CRC [10]. Other studies have found
that CXCL1 is related to the pathogenesis of mel-
anoma [11,12], and plays a role in the develop-
ment of spinal cord by inhibiting the migration of
oligodendrocyte precursors, and it participates in
the process of angiogenesis, arteriogenesis, inflam-
mation, wound healing and tumorigenesis ['*~'].
The chemokine CXCL1 make signals by binding to
chemokine (C-X-C motif) receptor 2 (CXCR2)
[16], and promote the malignant growth of murine
squamous cell carcinoma [8,17]. It has been
reported that the introduction of CXCR2 gene

into tumor-specific T cells can enhance its tumor
localization and improve the anti-tumor immune
responses. This strategy helps realize the indivi-
dualization of cancer treatment through the
expression of tumor chemokines [18]. However,
there are few studies on CXCLI in cervical cancer.

We investigated the role of CXCL1/CXCR2 in
cervical cancer. CXCL1 was firstly discovered as
a key gene for the prognosis of cervical cancer by
bioinformatics analysis, and then the effects of
CXCL1/CXCR?2 in cervical cancer cells were stu-
died with in vitro experiments. This study provides
a theoretical basis for the development of cervical
cancer and offers a new idea for the treatment of
cervical cancer.

Materials and methods
Bioinformatics analysis

The gene expression data and clinicopathological
data of The Cancer Genome Atlas (TCGA) and
Genotype-Tissue Expression Project (GTEx) were
downloaded from the University of California
Santa Cruz (UCSC) Xena database [19].
Identification (ID) conversion and data merging
were performed on the downloaded gene expres-
sion data. Data correction was carried out using
the Limma package of the R software. To obtain
differentially expressed genes (DEGs) in normal vs
cervical cancer, differential analysis was conducted
on the above grouped sample data using the
Limma package (|log2FC|>3, adj.P.Val<0.01) [20].
To clarify the functions of the DEGs, Gene
Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment ana-
lyses were performed using the ClusterProfiler
package [21]. To screen out the significant genes,
the differential genes were further subjected to
Kaplan-Meier (K-M) survival analysis (P < 0.05)
and single gene Cox analysis (P < 0.05) [22]. The
samples with incomplete clinical information were
removed, followed by multivariate independent
prognostic analysis, and the genes with P < 0.05
were filtered out for receiver operating character-
istic (ROC) analysis [23]. The gene with the largest
area under the curve (AUC) was selected for
further analysis.



Differential expression analysis of normal vs
cervical cancer was performed for CXCLI.
Combined with the clinical data, K-M survival
analysis and clinical correlation analysis were con-
ducted. After integrating the clinicopathological
features with CXCL1 expression using Perl soft-
ware (v5.30.0), an independent prognostic analy-
sis input file was obtained. The input files were
subjected to univariate and multivariate Cox
regression analysis using R software (survival,
survminer package) and Cox regression results
were visualized as forest plots. Perl software was
used to prepare expression data set files and phe-
notype data files for single gene enrichment ana-
lysis of CXCL1. Gene Set Enrichment Analysis
(GSEA) software was downloaded and installed
and set in java8 running environment [24].
KEGG pathway enrichment analysis was per-
formed for CXCL1, and the results were visualized
using R software (plyr, ggplot2, grid, gridExtra
package).

Cell culture

Primary cervical epithelial cells were cultured and
passaged in specific medium. Human cervical can-
cer cell lines (Hela and C33A) were cultured in
DMEM (Gibco, USA) supplemented with 10%
fetal bovine serum (Gibco, USA) at 37°C in an
incubator with 5% CO, [25]. CXCR2 antagonist
SB 225002 (Tocris Bioscience, UK) was treated at
a concentration of 200 nM for 48 h.

CCK8

CCK-8 solution (Dojindo, Japan) was added to
each well and the cells were incubated for another
2 h in the incubator. The wavelength of 450 nm
was selected, and the optical density (OD) value of
absorbance in each well was measured by an auto-
mated enzyme-linked detection instrument [26].

Clone formation assay

2 x 10? cells HeLa and C33A in different treatment
groups (si-NC/siCXCL1, control/SB 225002 treat-
ment, OE-NC/SB 225002+ OE-NC/SB 225002
+ CXCL1) were seeded in the culture plate, respec-
tively. Then the cells were cultured in a 37°C cell
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culture incubator. At the end of study, the cells
were carefully washed with phosphate buffered
solution (PBS), and fixed with formaldehyde solu-
tion. Then the cells were stained with crystal vio-
let [27].

Wound healing assay

Firstly, a marker pen was used to draw horizontal
lines evenly behind the 6-well plate, and the line
was drawn once about every 0.5-1 cm. The cells
were added and cultured overnight to reach a cell
density of 90%. In the following day, a scratch was
made with the gun tip as perpendicular as possible
to the transverse line behind. The cells were
washed three times with PBS in order to remove
the cells that had been scraped down. Whereafter,
we added the serum-free medium, placed the
plates into an incubator at 37°C with 5% CO,,
and photographed after 24 h incubation [28].

Annexin V/PI staining

HeLa and C33A grown in log phase were seeded in
6-well plates for different treatments. Then, the
cells were collected and resuspended with buffer.
The cell suspension was added with 5 pl Annexin
V-FITC staining solution (vazyme, China) and
incubated in the dark at 4°C for 15 min, and
then with 10 pl PI staining solution (vazyme,
China) and continually incubated for other
5 min. The cell apoptosis was assessed by flow
cytometry within 1 h [29].

Enzyme-linked immunosorbent assay (ELISA)

CXCLLI protein levels was detected using CXCL1
ELISA kit (abcam, China). Absorbance was mea-
sured at 450 nm, and whereafter, the concentra-
tion of CXCL1 protein was calculated according to
the manufacturer’s method.

Immunofluorescence

HeLa and C33A were seeded in a 6-well plate.
After the cell density rose to 90%, HeLa and
C33A were fixed with 4% paraformaldehyde, and
then blocked in 5% bovine serum albumin.
Subsequently, HeLa and C33A were incubated
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with CXCR2 antibodies (Invitrogen, USA) over-
night at 4°C. In the next day, the cells were incu-
bated with the secondary antibody, and then
stained with DAPI. Photos were taken using
a fluorescence microscope (Olympus IX5I,
Japan) [30].

Western blot

HeLa and C33A were collected and lysed on ice.
The protein concentration was determined using
the BCA kit (abcam, China). The protein was
subjected to 10% Sodium Dodecyl Sulfate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
until the bromine phenol blue reached 1 cm at
the bottom of the separation gel, and transferred
afterward to PVDF membrane on the ice bath.
After blocking the membrane with skim milk, the
protein was incubated with the primary antibody
overnight. In the following day, the protein was
incubated with the secondary antibody at room
temperature. After ECL reagent was in full contact
with PVDF film, the membranes were scanned
with a chemiluminescence imager (Bio-rad, CA,

USA). Primary antibodies: CXCR2 (1:2000,
Invitrogen, #PA5-100,951); bax (1:2000,
Invitrogen, #PA5-11,378); cleaved-caspase 3

(1:1000, Cell Signaling Technology, #9664); pro-
caspase 3 (1:1000, Cell Signaling Technology,
#9662); bcl2  (1:3000, Invitrogen, #PA5-
27,094) [29].

Statistical analysis

Each experiment was repeated 3 times, and the
data were presented as +s. t-test analysis was per-
formed on the data using GraphPad Prism 8.0, and
P < 0.05 was considered statistically different.

Results

In this study, CXCL1 was identified as a key prog-
nosis gene for cervical cancer by bioinformatics
analysis, and then the effects of CXCL1/CXCR2
in cervical cancer cells (HeLa and C33A) were
studied. It was found that CXCL1/CXCR2 chemo-
kine system could regulate the proliferation,
migration, and apoptosis of cervical cancer cells
in the form of an autocrine loop through ELISA,

CCK8, clone formation assay, wound healing
assay, Annexin V/PI stainin and Western blot.

Differential genes analysis in cervical cancer

TCGA and GTEX gene expression data and clin-
icopathological data were downloaded from the
UCSC Xena database. After data correction, the
sample data were subjected to difference analysis
([log2FC| >3, adj.P.Val <0.01). The results of
differential analysis revealed 353 DEGs obtained
in normal vs cervical cancer, among which 212
were up-regulated and 141 were down-regulated
(Figure 1(a,b)). To clarify the functions of the
DEGs, GO (Figure 1(c)) and KEGG (Figure 1
(d)) enrichment analyses were performed on the
differential genes. The differential genes were
subjected to K-M survival analysis and univariate
Cox analysis, and significant genes (P < 0.05)
were selected (a total of 34). These genes were
further combined with clinical data for multi-
variate Cox analysis, and then significant genes
(P < 0.05) were screened out. Finally, it turned
out that a total of 6 genes could be used as
independent prognostic markers (Table 1). ROC
analysis was performed on the 6 genes. Seen
from the plot, CXCLl had an AUC area of
0.863, serving as a separate prognostic factor
(Figure 1(e)).

Clinical sample data analysis of CXCL1 in cervical
cancer

Differential expression analysis was performed on
CXCL1, an up-regulated gene in cervical cancer
samples (Figure 2(a)). The results of K-M survival
analysis showed that high expression of CXCL1
was associated with poor patient survival in cervi-
cal cancer (Figure 2(b)). Further combined with
the clinical data (Table 2), the clinical correlation
analysis (Age, Grade, Stage, T, M, and N) of
CXCL1 was performed. CXCL1 expression was
proved to be correlated with Grade, M stage, and
N stage (Figure 2(c)). Immediately afterward,
CXCLI and clinically relevant Age, Grade, Stage,
T, M, and N were subjected to univariate and
multivariate Cox proportional regression hazard
analysis and visualized (Figure 2(d,e)). It can be
seen that CXCL1 was significantly correlated with
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Figure 1. Differential genes analysis. A. Heatmap of DEGs in cervical cancer; B. volcano plot of DEGs; C. GO enrichment analysis;
D. KEGG enrichment analysis; E. ROC analysis of CXCL8, SPP1, HK2, CXCL1, SLC7A5 and OSR2.

the survival status and survival time of patients,
thus can be used as a key prognostic factor.
Finally, KEGG enrichment analysis of GSEA was

performed on CXCL1, from which 10 pathways
were selected for multi-GSEA visualization.
CXCL1 expression was found to be correlated
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Table 1. Independent prognostic genes.

ID HR HR.95 L HR.95 H P value
CXCL8 1.766 1.299 2.400 <0.001
SPP1 1.439 1.086 1.907 0.011
HK2 2.037 1.140 3.638 0.016
CXCL1 1.573 1177 2.102 0.002
SLC7A5 1.440 1.035 2.004 0.031
OSR2 0.464 0.218 0.988 0.046

with pathways such as KEGG apoptosis, and
KEGG cytokine-cytokine-receptor-interaction

(Figure 2(f)).

CXCL1/CXCR2 expression in cervical cancer cells

To explore the roles of CXCL1 and its receptor
CXCR2 in cervical cancer, HeLa and C33A cells
were taken as in vitro cell models in this study.
The protein expressions of CXCL1 and CXCR2
were firstly examined in primary cervical epithelial
cells and cervical cancer cell lines (HelLa and
C33A). The results of Western blot (Figure 3(a))
and ELISA (Figure 3(b)) showed that both the
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expressions of CXCL1 and CXCR2 were signifi-
cantly up-regulated in cervical cancer cell lines and
they were expressed at higher levels in HeLa. The
above results indicated that CXCL1 and CXCR2
expressions were elevated in cervical cancer cells,
which was consistent with the results obtained by
bioinformatics analysis.

Effects of down-regulating CXCL1 expression on
the proliferation, migration and apoptosis of
cervical cancer cells

CXCL1 was found highly expressed in cervical
cancer, and its expression was correlated with
M and N stage. Moreover, it was reported that
CXCLI, as a chemokine in cancers such as breast
and colorectal cancers, played a crucial role in the
process of cell proliferation, migration and apop-
tosis [>'7*%]. In this study, we examined whether
CXCLI has an effect on cell proliferation, migra-
tion and apoptosis by down-regulating its expres-
sion in cervical cancer cell lines. ELISA results
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Figure 2. Clinical sample data analysis of CXCL1. A. Differential expression analysis of CXCL1 in normal and tumor; B. K-M survival
analysis; C. clinical relevance analysis (age, grade, stage, T, M and N); D. univariate Cox proportional regression hazard analysis;
E. multivariate Cox proportional regression hazard analysis; F. KEGG enrichment analysis.



Table 2. The clinicopathological data of cervical cancer

patients.
Variables Case (n = 291) Percentage (%)
Age <65 258 88.66
>65 33 11.34
Grade G1 18 6.19
G2 129 4433
G3 116 39.86
GX 24 8.25
unknow 4 137
Stage Stage | 159 54.64
Stage Il 64 21.99
Stage Il 41 14.09
Stage IV 21 7.22
unknow 6 2.06
T T 137 47.08
T2 67 23.02
T3 16 5.50
T4 10 3.44
TX 17 5.84
unknow 44 15.12
M Mo 107 36.77
M1 10 3.44
MX 126 4330
unknow 48 16.49
N NO 128 43.99
N1 55 18.90
NX 65 22.34
unknow 43 14.78

showed that CXCL1 secretion decreased after
siCXCL1 transfection (Figure 4(a)). The assay
showed that down-regulating CXCL1 expression
could decrease the cell viability and the colony
forming ability in HeLa and C33A (Figure 4
(b-c)). Meanwhile, the down-regulation of
CXCL1 induced the cell apoptosis (Figure 4(d)),
and inhibited the cell migration ability (Figure 4
(e)). Western blot results indicated that the expres-
sion of pro-apoptotic proteins bax and cleaved-
caspase 3 increased, while the expression of anti-
apoptotic protein bcl2 decreased (Figure 4(f)). Cell
immunofluorescence results demonstrated that
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CXCR2 was localized on the cell membrane and
cytoplasm (Figure 4(g)) to provide the possibility
of binding to CXCL1. In addition, through the
detection of CXCR2 expression by Western blot
(Figure 4(f)), a slight down-regulation of CXCR2
expression was found, but no significant changes
were observed. The above results revealed that the
down-regulation of CXCL1 expression reduced the
cell viability, affected the proliferation, attenuated
the migratory ability, and promoted the apoptosis
of cervical cancer cells.

Effects of CXCR2 antagonist on cervical cancer
cell proliferation, migration and apoptosis

It has been reported that CXCL1/CXCR?2 can influ-
ence the function of cancer cells in an autocrine loop,
with cells secreting CXCLI factors while CXCL1 acts
on cells through its receptor CXCR2 to affect the cell
function [8,34,35]. But there has been no related
research reported on cervical cancer cells. In this
study, the CXCR2 antagonist SB 225002 was used
in HeLa and C33A cells to investigate the effects of
CXCR2 antagonists on the proliferation, migration
and apoptosis of cervical cancer cells [36,37]. First,
HeLa and C33A were treated with different concen-
trations (0, 50, 100, 150, 200, 250 nM) of SB 225002.
The results of CCK8 showed that the cell viability
continuously decreased with the increased concen-
tration of SB 225002 (Figure 5(a)). Finally, 200 nM
was selected for the next study. After SB 225002
treatment, the number of colonies decreased in
HeLa and C33A cells and the cell migration ability
was weakened (Figure 5(b-c)). At the same time, the
results of Annexin V/PI staining showed that SB
225002 induced the cell apoptosis (Figure 5(d)).
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Figure 3. CXCLT and CXCR2 expression in the cells. A. CXCR2 protein expression detected by Western blot; B. CXCL1 expression

detected by ELISA. ***P < 0.001.
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Figure 4. Effects of siCXCL1 on Hela and C33A. A. ELISA was used to detect CXCL1 expression; B. CCK8 was used to detect cell
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d healing assay; F. Western blot was used to detect CXCR2 and

apoptosis-related protein expression; G. cell immunofluorescence of CXCR2. ***P < 0.001.

Western blot indicated that the expression of bax
and cleaved-caspase 3 increased and bcl2 decreased
(Figure 5(e)). The above results indicate that CXCR2
antagonist treatment reduced the cell viability and
proliferation, attenuated the migratory ability, but
promoted the cell apoptosis of cervical cancer cells.

CXCL1 over-expression ameliorates the effects of
CXCR2 antagonist

CXCR?2 antagonists can prevent CXCL1 and recep-
tor CXCR2 binding, and regulate cellular functions
[37]. In this study, after using CXCR2 antagonist SB
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**P < 0.01, ***P < 0.001.

225002 (200 nM), CXCL1 was over-expressed and
the effects brought by CXCR2 antagonist were
found to be improved. First, the effect of CXCLI
over-expression plasmid was examined by ELISA,
and it showed that transfection with CXCL1 over-
expression plasmid enhanced the secretion of
CXCL1 (Figure 6(a)). Then, a certain degree of
increase in cell viability was revealed by the results
of CCKS8 assay after the over-expression of CXCLI
with CXCR2 antagonist SB 225002 (Figure 6(b)).
The reversed effect of over-expression was also indi-
cated in clone formation and wound healing assay
(Figure 6(c,d)). After CXCL1 over-expressing,

a certain decrease in apoptosis rate was demon-
strated according to Annexin V/PI staining results
(Figure 6(e)). The expression of apoptosis-related
proteins was consistent with the change of apoptosis
rate (Figure 6(f)). CXCL1 secretion was examined
by ELISA. There was no significant change after SB
225002 treatment, and the secretion of CXCL1 was
significantly up-regulated after transfection with the
over-expression plasmid (Figure 6(g)), whereas
CXCR2 expression was not significantly changed
(Figure 6(f)). The above results indicated that
CXCL1 over-expression could ameliorate the effects
caused by CXCR?2 antagonist.
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Discussion in recent years, the mortality rate of this cancer is

still high. How to delay the growth and metastasis
of cervical cancer and further improve its thera-
peutic effect are still difficulties in cervical cancer
treatment. In this study, chemokine CXCL1 was
identified as a key prognostic gene in cervical
cancer through bioinformatics analysis, and
CXCL1 expression was found significantly and

Cervical cancer is a kind of serious and life-
threatening malignancy in women, and its inci-
dence and case fatality rate go on rising [38].
Decreased immunity of patients and persistent
HPV infection are the main causes of cervical
cancer [39]. Although great progress has been
made in the clinical treatment of cervical cancer



negatively correlated with patient survival
Meanwhile, CXCL1 was found to be significantly
correlated with the clinically relevant Grade,
M and N stage. Studies have shown that CXCLI
concentrations were significantly higher in the
serum of cervical cancer patients [40,41].
Therefore, we speculated that CXCL1 could affect
the biological function of cervical cancer cells.

As a family of small bioactive peptides with
various biological functions, chemokines have
a relative molecular weight of 8-10 KD.
Chemokines are induced by growth factors of tis-
sue cells, cytokines of inflammatory cells and
pathogenic stimuli, and are capable of causing
directed migration of cells, playing an important
part in tumor initiation and progression.
Composed of chemokines and chemokine recep-
tors, the chemokine system affects multiple path-
ways of spontaneous or non-spontaneous cellular
progression of tumors, constituting a superfamily
of signaling factors capable of predicting unknown
domains of tumor evolution. CXCL1 is known to
signal through the chemokine receptor CXCR2 to
elicit its effects [16]. In this study, cervical cancer
cell lines (HeLa and C33A) were selected as cell
models. The expression of CXCL1 and CXCR2
were found to be significantly up-regulated in cer-
vical cancer cell lines compared with the primary
cervical epithelial cells, and CXCL1/CXCR2
affected cancer cell function in an autocrine loop
form. Cervical cancer cells secrete CXCL1 factors,
while CXCL1 can act on cervical cancer cells
through the cell surface receptor CXCR2 to affect
cell function [8,34,35].

As a kind of chemokine in cancers, CXCL1
played a crucial role in the process of cell prolif-
eration, migration, apoptosis, etc [*'7°]. The
down-regulation of CXCL1 in cervical cancer
cells revealed that the cell activity was decreased,
the proliferation was affected, and the migration
ability was attenuated while the apoptosis was
promoted. The CXCR2 antagonist SB 225002 pre-
vents CXCL1 and receptor CXCR2 binding and
regulates cell function [36,37]. The use of SB
225002 reduced cervical cancer cell activity,
affected proliferation, attenuated migratory ability,
but promoted apoptosis. Immediately afterward,
CXCL1 was over-expressed after using CXCR2
antagonist SB 225002, and the effects brought by
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CXCR?2 antagonist were found to be ameliorated.
We thereby concluded that increasing the concen-
tration of chemokines can lead to an enhanced
effect of CXCL1/CXCR2 on cells in the presence
of a certain receptor.

This study identified that CXCL1/CXCR2 che-
mokine system regulated the proliferation, migra-
tion and apoptosis of cells in an autocrine loop by
in vitro experiments, but to make the research
more credible, in vivo experiments were also
needed.

Conclusion

This study firstly identified CXCL1 as a key factor
in the prognosis of cervical cancer by bioinfor-
matics analysis, and then it was verified by
in vitro experiments that the CXCL1/CXCR2 che-
mokine system regulated the proliferation, migra-
tion and apoptosis of cells in an autocrine loop,
thus affecting the development of cervical cancer.
This study provides a theoretical basis for the
study of the molecular mechanism of cervical can-
cer deterioration and development, and offers new
ideas for cervical cancer treatment.
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