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Abstract

Background
It has previously accepted that several types of human cancer constitutively express CXCL1, which may
implicated in various aspects of tumors. Here, we sought to assess the expression and of CXCL1 in
human uterine cervix cancer (UCC) and its potential role and mechanism in UCC.

Methods
CXCL1 protein expression in a uterine cervical tissue microarray was assessed by immunohistochemistry.
The roles of CXCL1 on HeLa UCC cells were detected by CCK-8, transwell and apoptosis assays. Western
blotting and ERK1/2 blocker PD98059 were utilized to explore whether ERK signal was implicated in
CXCL1-mediated UCC processes.

Results
CXCL1 was expressed by HeLa, PHM1-41 cells as well as cervical tissues, in which UCC tissues showed
an obviously high level of CXCL1 compared with non-cancerous tissues. Additionally, of the cancer
tissues, CXCL1 high-level expression was notably relevant to poor clinical stages. In vitro, the growth and
migration of HeLa cells were enhanced in the presence of exogenous CXCL1. Gain-function assays
revealed that CXCL1 overexpression promoted growth and migration response to HeLa cells via
autocrine/paracrine manners. Moreover, CXCL1 also led to the inhibition of apoptosis in HeLa cells.
Finally, CXCL1 overexpression in HeLa cells in�uenced the expression of ERK signal-related genes
including ERK, p-ERK, cyclin D1 and Bax, and cell malignant behaviors derived from CXCL1 overexpresion
were further interrupt in the presence of PD98059.

Conclusion
Our �ndings provided the potential roles of CXCL1 as a promoter and the novel understanding of the
functional relation of CXCL1 with ERK signal pathway in UCC.

Background
Uterine cervix cancer (UCC), the common malignancy, represents the fourth most frequently occurring
cancer and the fourth leading cause of cancer-related death in females worldwide [1]. It is estimated that
there were 57,000 new diagnosed cases of UCC in 2018, with 311,000 patients succumbing to this
disease [1]. To date, several etiologies, including human papillomavirus (HPV) infection, immuno-
suppression (particularly HIV infection), alcohol consumption, smoking, parity, number of sexual partners
as well as oral intake of contraceptives, have been shown as predominant risk factors for the cause of
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cervical cancer, in which persistent infection with HPV is the most important component and largely
increases the incidence of UCC [2–3]. The persistence of in�ammation among women with HPV infection
was responsible for malignant transformation of the cervical epithelium [3], suggesting cancer-related
�ammatory reaction is predominantly involved in the pathogenesis of UCC.

Chemokines, or chemoattractant cytokines, are categorized into four subfamilies, namely CXC, CC, C and
CX3C, on the basis of the number and spacing of the conserved cysteine residues discovered near the N-
terminus. The essential roles of chemokines in biology are mediated through their combinatorial
interaction with G protein-coupled chemokine receptors [4]. Early studies on chemokines were primarily
focused on their roles in in�ammation or infection responses, they may act as mediators involving in the
recruitment of various leukocyte populations, including neutrophils, lymphocytes, monocytes and
eosinophils to damaged tissue site [5]. However, increasing evidence revealed that various chemokines
may play a critical role in many aspects of tumors, including growth, angiogenesis, metastasis and
neutrophils in�ltration, through their roles in tumor-promoting in�ammation response [6].

CXCL1, also known as GRO-alpha, is a member of ELR + CXC chemokine subgroups characterized by the
presence of a conserved glutamic acid-leucine-arginine (ELR) motif [7]. CXCL1-related functions are
regulated through its binding to CXCR2 receptor [8]. To date, expanding evidence demonstrated that
CXCL1 and CXCR2 are frequently upregulated expression in a variety of human cancers [7, 9–11], and
CXCL1 may serve as a source of autocrine/paracrine signal for the malignant process in tumor
microenvironment [12, 13]. For example, it has been reported that silencing of CXCL1 resulted in a
signi�cant reduction in tumor proliferation through its effect on apoptosis induction in HCC, suggesting a
network of autocrine signal may be involved in CXCL1-associated tumor biology [14]. Furthermore, tumor
cells with a rather high level of CXCL1 may have the ability to trigger the in�ltration of tumor-associated
macrophages (TAMs) and cancer-associated �broblasts (CAF) into tumor microenvironment, CXCL1
derived from TAMs/CAF can provide a favourable role in regulating intercellular adhesion and crosstalk
among tumors cells and TAMs/CAF, and further resulted in an increased in tumor proliferation by a
paracrine manner [15].

In this study, we set out to detect the expression pattern of CXCL1 protein in a commercial uterine cervical
tissue microarray, in addition to the its relationship with clinical characteristics, and explore the potential
exogenous, autocrine as well as paracrine mechanism involving in CXCL1-mediated UCC tumor biolog,
possibly via MAPK/ERK-dependent signal pathway.

Materials And Methods
Immunohistochemistry in a tissue microarray

A commercial uterine cervical tissue microarray (Alenabio, China), consisting of  40 cases of cancer
tissues and 40 of non-cancerous tissues, was used to evaluate CXCL1 protein expression. Of the cancer
tissues, 23 patients aged from 30 to 50, and 17 aged from 51 to 70. The patients were classi�ed into
3 clinical stages, comprising 4 cases of stage I, 17 of stage II and 19 of stage III. Moreover, tumor
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in�ltration was distinguished with scores increasing from T1 to T3, including 34 with grade 1, 5 with
grade 2 and 1 with grade 3. Immunohistochemical staining was conducted as described previously [16].
Protein expression was determined using a primary antibody targeting CXCL1 (1:100; Abcam, USA),
which was further matched with a HRP-linked second antibody (Boster Biological Technology, China) at
the dilution of 1:200. Immunoreactivity was graded according to the following two parameters, staining
intensity and percentage of positive cells. Staining intensity was scored with a value of 1 (weak), 2
(moderate), 3 (strong) and 4 (super strong), and percentage of positive cells was scored with a value of 1
(< 25%), 2 (25-50%), 3 (50-75%) and 4 (>75%). The total score for CXCL1 staining was calculated
as the sum of the score of both parameters.

Cell lines, cell culture and cell transfection

HeLa human cervical cancer cells and PHM1-41 human immortalized cervical stromal cells were
obtained from American type culture collection (ATCC, USA). HeLa and PHM1-41 were, respectively,
cultured in RPMI‐1640 and Dulbecco’s Modi�ed Eagle’s Medium (DMEM; Gibco, USA), which were
supplemented with 10% fetal bovine serum (FBS; Gibco, USA) containing antibiotics (100 units/ml
penicillin and 100 mg/ml streptomycin) in a 37°C humidi�ed incubator with 5% CO2. To overexpress
CXCL1 gene in HeLa and PHM1-41 cells, full-length cDNA of human CXCL1 was subcloned into
pcDNA3.1 vectors and the speci�c vectors targeting cells were ransfected using a lipofectamine3000 kit
(Invitrogen, USA) according to the supplier's instructions. Finally, the transfection e�ciency of CXCL1 in
HeLa and PHM1-41 cells were tested using ELISA assays.

ELISA analysis

The culture supernatant derived from cell medium was collected and CXCL1 secretory protein was
determined using a Human CXCL1 ELISA Kit (Boster Biological Technology, China) following the
manufacturer's protocol. Brie�y, a total of 100 μl of culture supernatant as well as different
concentrations of recombinant CXCL1 standard protein was added to each well followed by incubating
the plate at 37 °C for 90 min. Following triple rinsing with washing buffer, the plate was coated with 100
μl biotin-conjugated primary antibody against CXCL1 prior to incubation at 37 °C for 60 min. After rinsing
three times, the plate was coated with 100 μl of working �uid and further incubated at 37 °C for 30 min.
Upon the formation of immunocomplex, the plate was washed �ve times, and 100 μl of TMB
developer solution was placed into each well for colorimetric determination. After reaction at 37 °C for 20
min, absorbance of each well was immediately measured at 450 nm using a spectrophotometer (BioTek
Instruments, USA). CXCL1 protein level in culture supernatant was quanti�ed and analyzed based on a
standard curve constructed by the absorbance of CXCL1 standard protein.

Cell proliferation detection

Three separate experiments were employed to evaluate HeLa cell viability. (I) Exogenous effect: HeLa
cells at a density of 2x103 per well were seed into each well of 96-well plates supplemented with 100 µl of
medium containing various concentrations of human recombinant CXCL1 (PeproTech, USA). (II)
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Autocrine effect: The same number of HeLa cells overexpressing CXCL1 and their mock controls as
described in experiment I were grown in 96-well plates, 100 µl of medium supplemented with or without
the ERK1/2 inhibitor PD98059 (Sigma, USA) was added into each well. (III) Paracrine effect: Firstly, the
conditioned medium (CM) was prepared as follows: CXCL1-overexpressing PHM1-41 cells and their mock
controls were inoculated in 100-mm diameter dishes at a density of 5x106 cells per 1000 µl of medium.
After incubation at 37˚C for 12 h, the culture supernatant was harvested by centrifugation, and CM from
PHM1-41 cells was produced by addition of different proportions of the supernatant into complete
medium. In the paracrine experiment, HeLa cells at a density of 2x103 per well were seeded into 96-well
plates, and each well was incubated with 100 µl of various proportions of CM. The cells in the above
three groups were incubated at 37˚C for 24 h, 48 h and 72 h, cell viability was thereafter addressed using
the Cell Counting Kit-8 (CCK-8) assay.

Cell migration assay

Consistent with proliferation assay, three experiments for migration assay were as follows. (I) Exogenous
effect: The same number of HeLa cells at a density of 2x103  were seeded in the top chamber in 100 μl
serum-free medium, the low chamber was coated with 600 μl serum-supplemented medium
supplemented with various concentrations of human recombinant CXCL1. (II) Autocrine effect: 2x104 of
CXCL1-overexpressing HeLa cells and their mock controls in 100 μl serum-free medium containing with or
without the ERK inhibitor PD98059 were seeded in top chamber, whereas 600 μl medium with 10% FBS
was placed in the low chamber for chemoattraction. (III) Paracrine effect: HeLa cells were maintained in
the upper chamber as described in experiment I, and 600 μl serum-supplemented medium containing
various proportions of CM was placed in the low chamber. 24 h after migration, the cells that had
attached on the bottom surface of the transwell �lters were �xed and stained with methanol/crystal violet
solution.

Cell apoptosis assay

Cell apoptosis was determined by using a commercial apoptotic-Hoechst Staining Kit (Beyotime,
Shanghai, China) according to the manufacturer' instructions. Following detection with a confocal
microscope at 350 nm, cancer cell apoptosis rate was estimated by the following formula: Apoptosis rate
(%) = apoptosis cell numbers/ total cell numbers x 100%.

Western blotting analysis

Total cell lysates were prepared from cell pellets using RIPA buffer (Solarbio, China) following the
manufacturer's protocol. After quanti�cation of protein concentration, a total of 40 µg of protein extracts
was subjected to western blotting analysis. Different primary antibodies, including anti-p-ERK (1:1,000
dilution; ImmunoWay, USA), anti- ERK (1:1,000 dilution; ImmunoWay, USA), anti-cyclin D1 (1:5,000
dilution; Abcam, USA), anti-Bax (1:1,000; OriGene, China) and anti-β‐actin (1:1,000 dilution; Boster, China)
antibodies, were utilized in the analysis, followed by incubation with various HRP-conjugated second
antibodies (Boster Biological Technology, China). Immune complexes were visualized using an Enhanced
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Chemiluminescence (ECL) kit (Thermo Fisher Scienti�c, USA), and the band intensities were calculated
using a Gel imaging system (Tanon, China).

Statistical analysis

All assays were done at least three times, SPSS 20.0 software was applied for statistical analyses. All
values were expressed as mean value with their standard deviation, statistical difference between two
groups was determined by analysis of variance followed by the Student's t-test. Statistically signi�cant
was de�ned as a P-value < 0.05.

Results
CXCL1 is highly expressed in tissues with UCC

To assess the clinical signi�cance of CXCL1 in UCC, the immunoreactivity of CXCL1 was explored in a
uterine cervical tissue microarray. The results from immunohistochemistry assay demonstrated that the
expression level of CXCL1 protein was surprisingly increased in tissues with UCC, as compared with that
in non-cancerous tissues (Fig. 1). Of the UCC tissues, it was further demonstrated that the upregulation of
CXCL1 was extremely correlated with poor clinical stages due to the increased identi�cation of CXCL1 in
tissues with stage III. However, this study did not reveal a closer connection of CXCL1 expression with
other clinical characteristics including tumor in�ltration and patient age (Table 1). 

Exogenous CXCL1 contributes to growth, migration and apoptosis of UCC cells

To functionally determine the roles of CXCL1 in UCC, exogenous CXCL1 was �rstly used as a mediator to
investigate its potential to the growth, migration and apoptosis of HeLa cells. After 24, 48 and 72 h
incubation, the �ndings from CCK-8 assay indicated that exposure to exogenous CXCL1 (10, 20 or
40 ng/ml) induced a obviously dose-dependent increase in HeLa cell growth ability (Fig. 2a). Accordingly,
exogenous administration of CXCL1 at concentration of 10, 20 or 40 ng/ml also obviously enhanced
HeLa cells migration ability (Fig. 2b and c). Inversely, CXCL1 at concentration of 20 or 40 ng/ml resulted
in the inhibition of apoptosis in HeLa cells (Fig. 2d). 

CXCL1 overexpression enhances malignant phenotypes of UCC cells via a autocrine manner

Since CXCL1 was expressed by uterine cervical tisssues, we therefore intended to explore its expression in
HeLa cells. ELISA assays displayed that CXCL1 protein were detected in HeLa cell culture supernatant
(Fig. 3a), suggesting that HeLa cells express endogenous CXCL1, which might be further transported into
the extracellular �uid as a secretory protein. To adress whether a autocrine mechanism is involved in
CXCL1-mediated malignant processes in UCC, HeLa cells overexpressing CXCL1 were constructed by
gene transfection. The results showed secretory CXCL1 protein was prominently elevated in CXCL1-
overexpressing cells relative to their mock controls (Fig. 3A), indicating that stable HeLa cells with
expression of CXCL1 were constructed as expected. Additionally, CCK-8 and transwell assays
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demonstrated that CXCL1 overexpression in HeLa cells resulted in obvious increase in cell growth
(Fig. 3b) and migration (Fig. 3c and d), as well as decrease in cell apoptosis (Fig. 3e).

Stromal cell-derived CXCL1 facilitates UCC cell malignant processes via a paracrine manner

To gain further insights into the potential paracrine mechanism involving the roles of CXCL1, PHM1-41
cells overexpressing CXCL1 and their mock controls were established. After veri�cation of the
transfection e�ciency by using ELISA assay (Fig. 4a), CM was prepared by mixing supernatant from
PHM1-41 cell medium with complete medium in various proportions. Subsequently, CCK-8 and transwell
assays elucidated that treatment of HeLa cells with CM derived from CXCL1-overexpressing PHM1-41
cells at different proportions obviously enhanced cell growth (Fig. 4b) and migration (Fig. 4c and d)
abilities in a proportion dependent manner. Moreover, we also performed apoptosis assay with increasing
proportion of PHM1-41 cell-derived CM and observed that the apoptosis rate was obviously inhibited after
HeLa cell treatment with 60% of CXCL1-overexpressing PHM1-41 cell CM (Fig. 4e).

ERK signal regulates UCC cell malignant processes through its direct effect on survival-associated gene

Increasing evidence has indicated that numerous chemokines are critical for the tumor-speci�c processes
by activating several signaling pathways, especially the MAPK/ERK. Therefore, in the current study, the
roles of CXCL1 in regulating the expression of ERK signal-related genes were explored. A predominant
increase in the expression of ERK, pERK and cyclin D1, and a marked decrease in the expression of Bax
was detected in CXCL1-overexpressing HeLa cells compared with their mock controls by western blotting
(Fig. 5a-c). To sought for the underlying mechanism through which ERK signal regulates the roles of
CXCL1 in UCC, the malignant behaviors of HeLa cells was further assessed in the presence and absence
of ERK inhibitor PD98059, and the rates of proliferation and migration inhibition were commented as
follows: inhibition rate (%) = (the index of cells treatment without PD98059- the index of cells treatment
with PD98059) / the index of cells treatment without PD98059 × 100%. Our results showed that the
growth (Fig. 5d) and migration (Fig. 5e and f) abilities of the CXCL1-overexpressing HeLa cells were
obviously reduced to signi�cant levels as compared with their mock controls in the presence of ERK
inhibitor PD98059, suggesting the capacity of PD98059 to interrupt CXCL1-mediated UCC tumor
processes.

Discussion
Human CXCL1 belongs to a member of ELR + CXC chemokines,which now contain the epithelial
neutrophil-activating protein-78 (ENA-78/CXCL5), granulocyte chemotactic peptide-2 (GCP-2/XCL6),
neutrophil-activating peptide-2 (NAP-2/CXCL7), interleukin-8 (IL-8/CXCL8) and growth-related oncogene
(GRO) chemokines, in which there are three homologs consisting of GRO α, β and γ, also de�ned as
CXCL1, CXCL2 and CXCL3, respectively [17]. The biological activities of ELR + CXC chemokines were
primarily mediated by their interaction with the same receptor, namely CXCR2 [18]. Recently, it is widely
acknowledged that several members of the ELR + CXC chemokines have been shown to be constitutively
expressed in various types of human cancers, and their overexpression may be implicated in multiple
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aspects of cancer progression including tumor cell proliferation, survival, migration and invasion [16, 19–
21]. Moreover, ELR + CXC chemokines class has also been proposed to has important potential to
promote angiogenesis, a vital biological processes, upon which tumors depend for their malignant
behaviors [22, 23]. Studies on the mechanisms indicated that the involvement of ELR + CXC chemokines
in tumor progression was depended on the activation of several signal pathways, such as p38
MAPK/ERK, TAK1/NFκB and Snail/E-cadherin [24–26].

In the current study, we demonstrated that the expression level of CXCL1 in tissues with UCC was
elevated dramatically, and its higher expression was extremely associate with poor clinical stages.
Consistent with this, it has been suggested that CXCL1expression was frequently upregulated in several
human tumors, such as melanoma, breast and bladder cancers, and increased expression pattern of
CXCL1 was predominantly relevant to several clinicopathological features including high grade,
advanced stage and positive invasion in bladder cancer in vivo [28–30].

In addition, many studies have also highlighted the crucial roles of CXCL1in cancer development and
progression. For example, it was revealed that secreted CXCL1or CXCL1overexpression in bladder cancer
and melanoma was correlated with enhanced proliferative and metastatic properties for cancer cells, and
CXCL1 in vitro was su�cient for the ability of cancer cells to generate tumors in nude mouse xenograft
model [27, 30]. In order to evaluate the potential roles of CXCL1 to contribute to UCC biology, we
employed recombinant CXCL1, CXCL1-overexpressing HeLa and PHM1-41 cells for focusing on the
effects of CXCL1 on Hela tumor cell malignant behaviors. Our data revealed that CXCL1 recombinants
and CXCL1 overexpression effectively promoted cell proliferation and migration properties via both
exogenous and autocrine manners.

There is general agreement that the tumor microenvironment is comprised of cancer cells, extracellular
matrix and various types of stromal cell subsets, which contain �broblasts, vessel cells (composed of
endothelial cells, smooth muscle cells and pericytes), and diverse in�ammatory leukocytes (including
neutrophils, macrophages, dendritic cells, mast cells and lymphocytes) [31]. To date, people have gained
a deeper understanding of the crosstalk among these cells types which contributes to the formation of
tumor-speci�c microenvironment and further facilitates the oncogenic process via a paracrine loop
involving the interaction of chemokines with their corresponding receptors [15]. In thyroid cancer, tumor
cell-derived soluble factors facilitated in vitro mast cell activation and recruitment, and the mast cell-
produced mediators, especially CXCL1, most effectively enhanced growth, survival and invasion of
cancer cells [32]. In addition, in breast cancer, CXCL1 has the ability to attract CD11b+Gr1+ myeloid
stromal cell population into the tumor microenvironment, which in turn generates several members of
chemokines that can serve as paracrine stimulators for the survival of tumor cell [13]. In study
demonstrated here, we employed gene transfection to establish PHM1-41 cervical stromal cells
overexpressing CXCL1, which can secrete a respectably high level of CXCL1 into medium, and the
supernatants derived from medium of CXCL1 overexpressing PHM1-41cell can behave as a promoting
mediator for the growth and migration of HeLa cells, indicating that a CXCL1 paracrine manner plays a
crucial role in tumor-associated malignant behaviors. Coupled with this, our laboratory also previously
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revealed the critical CXCL3-paracrine mechanism, by which supernatants derived from stromal cells
overexpressing CXCL3 raised the abilities of HeLa cell growth and migration [33].

In the current study, we �nally revealed that CXCL1 is the crucial chemokine that enhances UCC
development by regulating extracellular signal-regulated kinase (ERK) signal-related genes, including
cyclin D1, ERK, p-ERK and Bax. ERK signaling is an essential transduction pathway and has received
considerable attention because of their important effects on regulating various physiological and
pathological processes. It has been suggested that activation of ERK signaling pathway may stimulate
tumor cells proliferation through its ability to initiate expression of crucial growth-stimulating genes, such
as cyclin D1 and early growth response-1(EGR-1) [34, 35]. CXCL1/CXCR2 axis has been shown to
participate in regulation of extracellular signal-regulated kinase 1/2 (ERK1/2) phosphorylation in
esophageal cancer, which is responsible for the transcription of EGR-1 gene, the crosstalk of among
CXCL1/CXCR2 axis, ERK1/2 and EGR-1 will eventually result in a rapid increase in tumor cell proliferation
[36]. Apart from its impact on cell proliferation, ERK signaling is also closely related to regulate the
expression of many other genes responsible for anti-apoptosis, angiogenesis and metastasis. In the
current study, we con�rmed that exogenous administration and overexpression of CXCL1 can effectively
inhibit apoptosis of HeLa cells, and result in a decrease in Bax gene expression. Apoptosis, or
programmed cell death (PCD), is a controlled form of cell death which allows body to control precisely the
number of cells in tissues and is mainly regulated by pro- and anti-apoptotic BCL-2 family members, in
which Bax is known as one of the most important mediators to induce the process of apoptosis [37]. It
has been increasingly recognized that apoptosis in many types of cancers was frequently inhibited,
which at least associated with low expression of pro-apoptotic genes, such as Bax, Bak, Bad and Bcl-Xs,
indicating that disruption of the balance between pro- and anti-apoptosis is critical for numerous human
tumor processes [37].

Conclusions
In summary, the current study demonstrated that CXCL1 expression was increased in tissues with UCC,
and its higher expression was predominantly correlated with poor clinical stages. In vitro, CXCL1 may
contribute the UCC cell malignant behaviors through exogenous, autocrine and paracrine manners,
suggesting CXCL1 may be a potential diagnostic marker or therapeutic target in UCC.
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associated macrophages; CAF: cancer-associated �broblasts; ERK: extracellular regulated protein kinase;
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Tables

Table 1. Immunostaning intensities of CXCL1 protein in a uterine cervix tissue microarray.

Clinical characteristic Subgroup
     Score ±S 

P value

Non-cancer --- 4.37±1.48 0.0187

UCC --- 5.15±1.41  

Clinical stage I -II 4.71±1.42 0.0376

  III 5.63±1.26  

Tumor infiltration T1 5.00±1.44 0.1091

  T2-3 6.00±0.89  

Age(years)  ≤50 5.30±1.52 0.4265

    50 4.94±1.25  

Figures



Page 14/19

Figure 1

CXCL1 is highly expressed in tissues with UCC. Strong immunohistochemical staining of CXCL1 in
tissues with stage I (a), II (b) and III (c), comparing non-cancerous tissues with weak staining (d), was
detected in a uterine cervical tissue microarray.
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Figure 2

Exogenous CXCL1 facilitates the malignant behaviors of HeLa cells. a The role of different
concentrations of exogenous CXCL1 on the proliferation of HeLa cells was tested by CCK-8 assay. b, c
Cell migration ability was determined by transwell analysis after HeLa cells treatment with different
concentrations of exogenous CXCL1. d HeLa cell apoptosis rate was identi�ed by using the ratio of
apoptosis cell numbers to total cell numbers (*P<0.05, **P<0.01)
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Figure 3

CXCL1 overexpression contributes to proliferation, migration and apoptosis of HeLa cells via a autocrine
manner. a The protein expression of CXCL1 in the supernatant derived from HeLa cells overexpressing
CXCL1 and their mock controls medium was assessed by ELISA assay; b The proliferation ability of HeLa
cells overexpressing CXCL1 was signi�cantly increased as compared to their mock controls; c, d The cell
migration capacity was notably enhanced after CXCL1 overexpression in HeLa cells; e CXCL1
overexpression led to the inhibition of apoptosis in HeLa cells (*P<0.05, **P<0.01)
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Figure 4

Stromal cell-derived CXCL1 enhances oncogenic potential of HeLa cells via a paracrine manner. a CXCL1
protein level in PHM1-41 cells overexpressing CXCL1 and their mock controls-derived supernatant was
determined using ELISA assay; b The growth ability of HeLa cells treatment with CM from PHM1-41 cells
overexpressing CXCL1 and their mock controls was detected by CCK-8 assay; c, d The effect of various
proportions of CM derived from PHM1-41 cells overexpressing CXCL1 and their mock controls on the
HeLa cell migration was explored by transwell analysis; e HeLa cell apoptosis rate was identi�ed after
treatment of HeLa cells with various proportions of PHM1-41 cells overexpressing CXCL1 and their mock
controls-derived CM (*P<0.05, **P<0.01)
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Figure 5

ERK signal involves in CXCL1-mediated malignant phenotypes in HeLa cells. a Expression of ERK, p-ERK,
Cyclin D1 and Bax at protein levels from HeLa cells overexpressing CXCL1 and their mock controls were
assessed by western blotting; b The protein level of the p-ERK was quantitated and normalized to total
ERK from western blotting; c Protein expression of ERK, Cyclin D1 and BAX were statistically analyzed
from western blotting, and their bands were normalized to β-actin; d The proliferation inhibition rate of
ERK inhibitor PD98059 on HeLa cells overexpressing CXCL1 and their mock controls was determined by
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CCK-8 assay; e, f The effect of ERK inhibitor PD98059 on migration inhibition rate of HeLa cells
overexpressing CXCL1 and their mock controls was assessed by transwell analysis (*P<0.05, **P<0.01)


