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Abstract. C‑X‑C motif chemokine ligand 5 (CXCL5) is a 
CXC‑type chemokine that is a crucial inflammatory mediator 
and a powerful attractant for granulocytic immune cells. 
Increasing evidence has indicated that CXCL5 is involved 
in the tumorigenesis of various malignancies. The present 
investigation demonstrated that CXCL5 was expressed in 
both hepatoblastoma HepG2 cells and liver stellate LX‑2 
cells, and CXCL5's receptor C‑X‑C chemokine receptor 
type 2 (CXCR2) was expressed in HepG2 cells by reverse 
transcription‑polymerase chain reaction (RT‑PCR), western 
blotting and ELISA assays. Cell counting kit‑8, colony forma-
tion and Transwell assays revealed that exogenous CXCL5 
expression efficiently promoted proliferation, colony forma-
tion and migration of HepG2 cells. To explore the autocrine 
and paracrine roles of CXCL5 in the oncogenic potential of 
HepG2 cells, HepG2 cells overexpressing CXCL5 and LX‑2 
cells overexpressing CXCL5 were successfully constructed 
by gene transfection. Similarly, overexpression of CXCL5 
in HepG2 also enhanced proliferation, colony formation and 
migration of HepG2 cells. Furthermore, the condition medium 
of LX‑2 cells overexpressing CXCL5 affected the proliferation 
and migration of HepG2 cells. RT‑PCR and western blotting 
assays were also conducted to explore whether overexpression 
of CXCL5 in HepG2 modulated the expression of genes. The 
results revealed that overexpression of CXCL5 regulated the 
expression of several genes, including N‑myc downregulated 

gene  3,w B‑cell lymphoma‑2 (Bcl‑2), Bcl‑2‑associated X 
protein, P53, vascular endothelial growth factor, interleukin 
(IL)‑18, IL‑1β and cystathionine‑γ‑lyase. In conclusion, the 
present findings indicate that CXCL5/CXCR2 axis contributes 
to the oncogenic potential of hepatoblastoma via autocrine 
or paracrine pathways by regulating expression of genes 
associated with the progression of carcinoma.

Introduction

Hepatoblastoma (HB) is a prevalent malignancy among chil-
dren, which histologically derives from pluripotent stem cells 
that may differentiate into liver cells and biliary epithelial cells, 
and accounts for almost two‑thirds of pediatric malignant liver 
tumors (1,2). Although the survival rate of HB has increased 
from 35 to 75% during the last 30 years with the application of 
surgical excision, adjuvant chemotherapy and liver transplan-
tation (3), additional investigation of the underlying molecular 
mechanism will be beneficial for the improving diagnosis and 
treatment of patients with HB.

Previous studies have supported the hypothesis that the 
development of malignancies is closely associated with 
various cytokines, in which chemokines appear to have crucial 
roles. Chemokines are members of the cytokine super family 
and are secreted by various cell types, including immune, 
mesothelial, endometrial glandular and stromal cells, and 
trophoblasts (4). According to the order of conserved cysteine 
residues, chemokines are classified as C, CC, CXC and 
C (X)3C. Additionally, CXC chemokines are further grouped 
into ELR+ CXC and ELR‑ CXC on the basis of the presence or 
absence of the amino‑terminal ELR motif (5). In addition to 
their function in chemotaxis, chemokines can induce various 
activation progressions in physiology through their effects 
on regulating angiogenesis, cellular proliferation, differ-
entiation and apoptosis (6‑8). However, previous data have 
suggested that a variety of chemokines are also involved in 
the pathogenesis of malignancies. Milliken et al (9) reported 
that high expression of C‑X‑C motif chemokine ligand 
(CXCL) 8 in ovarian cancer epithelial cells resulted in an 
increased proliferation rate compared with low expression of 
CXCL8 in the cells. As an efficient mediator of angiogenesis, 
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the expression of CXCL5 in non‑small cell lung cancer was 
associated with angiogenesis, which is vitally important in 
the proliferation, invasion and metastasis of tumor cells (10). 
In prostatic carcinoma, CXCL12 contributes to the migra-
tion potential of tumor cells by activating the transcription 
of genes associated with the cytoskeleton, including micro-
tubule associated protein RP/EB family member 3 and 
dedicator of cytokinesis 9, and downregulating the expres-
sion of intercellular adhesion proteins, including cadherin‑1 
and β‑catenin (11). The biological functions of chemokines 
rely mainly on their receptors, a type of G protein‑coupled 
receptor that mediates the functions of chemokines and is 
usually expressed in immune cells and endothelial cell 
membrane. Murakami et al (12) indicated that C‑X‑C chemo-
kine receptor type 4 is an essential molecular determinant 
for the metastatic accumulation of tumor cells in the lungs 
of mice. The tumor homing hypothesis also showed that the 
specific combination of the chemokine ligand and its receptor 
is sufficient to initiate tumor metastasis (13). Previous studies 
have shown that overexpression of CXCL5 is present in 
numerous human tumors including prostate, squamous cell 
and stomach tumors. Additionally, CXCL5 may have an 
important role in the occurrence and progression of tumors 
by cooperating with its receptor C‑X‑C chemokine receptor 
type 2 (CXCR2)  (14‑16). Although a previous study by 
Zhou et al (17) demonstrated that the expression of CXCL5 
in hepatocellular carcinoma tissues was evidently increased 
compared with that in para‑carcinoma tissues and overex-
pression of CXCL5 can promote the growth and invasion 
of hepatocellular carcinoma cells, the effects of CXCL5 
contributing to the growth and migration of HB cells through 
the autocrine/paracrine pathways have not, to the best of 
our knowledge, been reported. Therefore, the current study 
aimed to explore whether CXCL5 can affect the oncogenic 
potential of HB through autocrine and paracrine signaling.

Materials and methods

Cell culture. The human HB HepG2 cell and human hepatic 
stellate LX‑2 cell lines were maintained in a 37˚C humidified 
incubator at 5% CO2 in Dulbecco's modified Eagle's medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) containing 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.), 100  U/ml penicillin and 
100 U/ml streptomycin (DMEM complete medium).

Cell transfection. The lentiviral CXCL5 expression vector 
(pEZ‑Lv203‑A1113) and empty vector (pEZ‑Lv203‑NEG) 
were constructed by GeneCopoeia, Inc. (Rockville, MD, 
USA), which were utilized to prepare a DNA/EndoFectin 
Lenti complex, which were transfected into 293Ta lenti-
viral packaging cells (American Type Culture Collection, 
Manassas, VA, USA) using the Lenti‑Pac™ HIV Expression 
Packaging kit (cat. no. HPK‑LvRT‑20; GeneCopoeia, Inc.) 
according to the manufacturer's protocol. After 48  h of 
transfection, the pseudovirus‑containing culture medium was 
collected and purified by filtering the supernatant through 
0.45 µm low protein‑binding filters. HepG2 and LX‑2 cells 
were transfected by incubating them in DMEM complete 
medium with 50% diluted viral supernatant for 48 h, following 

which fresh DMEM complete medium containing puromycin 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) at 
2 ng/ml was added for selection. Cells were used for further 
experimentation 14 days after transfection.

Reverse transcription‑polymerase chain reaction (RT‑PCR) 
analysis. Total RNA was extracted from parental, empty 
vector‑transfected, as well as CXCL5‑transfected HepG2 
and LX‑2 cells with TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and first‑strand cDNA was synthe-
sized using Reverse Transcription System (cat. no. A3500; 
Promega Corporation, Madison, WI, USA). PCR primers were 
synthesized by Sangon Biotech Co., Ltd. (Shanghai, China), 
the primer sequences and conditions are presented in Tables I 
and II, respectively.

Western blot analysis for protein detection. The parental, 
empty vector‑transfected, as well as CXCL5‑transfected 
HepG2 cells pellets were harvested and western blot assays 
were performed as previously described (18). Anti‑CXCR2 
mouse polyclonal antibody (cat. no. sc‑30008; dilution, 1:500; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), anti‑inter-
leukin (IL)‑18 rabbit polyclonal antibody (cat. no. sc‑7954; 
dilution, 1:800; Santa Cruz Biotechnology, Inc.), anti‑IL‑1β 
rabbit polyclonal antibody (cat. no. YT2342; dilution, 1:1,000; 
ImmunoWay Biotechnology Company, Plano, TX, USA), 
anti‑cystathionine‑γ‑lyase (CSE) rabbit polyclonal antibody 
(cat. no. BA3605; dilution, 1:800; Wuhan Boster Biological 
Technology, Ltd., Wuhan, China) and anti‑β‑actin mouse 
monoclonal antibody (cat. no. sc‑130300; dilution, 1:3,000; 
Santa Cruz Biotechnology, Inc.) were utilized in the assays. 
Goat anti‑rabbit IgG (cat. no. BA1054; dilution, 1:1,000; Wuhan 
Boster Biological Technology, Ltd.) and goat anti‑mouse IgG 
(cat. no. BA1050; dilution, 1:1,000; Wuhan Boster Biological 
Technology, Ltd.) were used as secondary antibodies.

ELISA assays. Parental, empty vector‑transfected, as well 
as CXCL5‑transfected HepG2 and LX‑2 cells were seeded 
in a 6‑well plate (1.5x105 cells/well) with DMEM complete 
medium. After 48 h of incubation at 37˚C, the supernatants 
were collected and centrifuged at 22,000 x g at 4˚C for 15 min. 
The secretion levels of CXCL5 were determined by ELISA 
using Human CXCL5 Elisa kit (cat. no.  EK0728; Wuhan 
Boster Biological Technology, Ltd.), according to the manu-
facturer's protocol.

Cell proliferation assays. Cell Counting kit‑8 (CCK‑8; cat. 
no. AR1160‑500; Wuhan Boster Biological Technology, Ltd.) 
was utilized to explore the effect of exogenous, autocrine or 
paracrine CXCL5 on HepG2 cell proliferation. HepG2 cells 
were seeded onto a 96‑well plate (1.5x103 cells/well) with 
DMEM complete medium containing 0, 20, 40 or 60 ng/ml 
exogenous recombinant human CXCL5 (PeproTech, Inc., 
Rocky Hill, NJ, USA), and proliferation activity was investi-
gated after 24, 48, 72 and 96 h incubation at 37˚C. To examine 
the autocrine effects of endogenous CXCL5, the parental, 
empty vector‑transfected and CXCL5‑transfected HepG2 
cells were seeded onto a 96‑well plate (2x103 cells/well) with 
DMEM complete medium. The proliferation was then deter-
mined after 72 h incubation at 37˚C. In order to detect the 
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effect of paracrine signaling on the growth of HepG2 cells, 
conditioned medium (CM) was collected as follows: The 
parental, empty vector‑transfected and CXCL5‑transfected 
LX‑2 cells were seeded into 10‑cm plates (3x106 cells/plate) 
and maintained in DMEM complete medium at 37˚C for 48 h. 
The CM was then prepared by collecting the supernatants. By 
using different ratios of CM (0, 20, 40, 60 or 80%) dissolved 
in complete medium, the proliferation of HepG2 cells was 
determined.

Colony formation assay. HepG2 cells were plated onto a 
24‑well plate (2x102 cells/well) containing DMEM complete 
medium with 0, 20, 40, 60 or 80 ng/ml exogenous CXCL5. 
The same number of parental, empty vector‑transfected and 
CXCL5‑transfected HepG2 cells were also seeded in a 24‑well 
plate maintained with DMEM complete medium. The colonies 

were stained with crystal violet and were counted after incu-
bating the cells for 12 days.

Migration assays. HepG2 cells (1x104 cells/well) were seeded 
into the upper wells of Transwell® chambers (cat. no. 3422; 
Corning Incorporated, Corning, NY, USA) in DMEM only 
(without FBS); DMEM complete medium (with 10% FBS) 
containing 0, 20, 40, 60 or 80 ng/ml of exogenous CXCL5 was 
added to the lower wells. For the paracrine assay, 0, 20, 40, 60 
or 80% of LX‑2 CM in DMEM complete medium was added 
to the lower wells. To perform the autocrine investigation, the 
parental, empty vector‑transfected and CXCL5‑transfected 
HepG2 cells were seeded into Transwell® chambers 
(1x104  cells/well) in DMEM only (without FBS); DMEM 
complete medium (with 10% FBS) was added to the lower 
wells. After cells were incubated for 24 h at 37˚C, the upper 
surface of the membranes was scrubbed with a cotton swab to 
remove the cells that had not migrated. The cells attached to 
the lower surface of the membrane were stained with crystal 
violet for 30 min at room temperature and were counted using 
a light microscope (magnification, x50).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. The data were analyzed by q‑test using SPSS 
17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

CXCL5 and its receptor CXCR2 are expressed by HepG2 
cells. Prior to investigating the functions of CXCL5 in HepG2 
cells, the expression of CXCL5 was examined by RT‑PCR 
and ELISA, and the expression of CXCR2 was determined by 
RT‑PCR and western blotting. Both CXCL5 and its receptor 
CXCR2 were evidently expressed by HepG2 cells (Fig. 1).

Exogenous CXCL5 promotes carcinogenic potential of 
HepG2 cells in vitro. The proliferation assay showed that 
there was a significant increase in the proliferation of HepG2 
cells treated with 20 ng/ml exogenous CXCL5 compared with 
other concentrations of exogenous CXCL5 after 48 h (P<0.05). 
In addition, there was a significant increase in HepG2 cells 

Table  II. Reverse transcription‑polymerase chain reaction 
conditions for each primer set.

Gene	 Reaction conditions

β‑actin	 94˚C for 3 min, 28‑cycles of 94˚C for 30 sec, 55˚C 
	 for 25 sec, 72˚C for 1 min
CXCL5	 94˚C for 3 min, 28‑cycles of 94˚C for 30 sec, 55˚C 
	 for 25 sec, 72˚C for 1 min
CXCR2	 94˚C for 3 min, 28‑cycles of 94˚C for 30 sec, 55˚C 
	 for 25 sec, 72˚C for 1 min
Bcl‑2	 94˚C for 3 min, 38‑cycles of 94˚C for 30 sec, 54˚C 
	 for 35 sec, 72˚C for 1 min
Bax 	 94˚C for 3 min, 30‑cycles of 94˚C for 30 sec, 55˚C 
	 for 30 sec, 72˚C for 1 min
P53	 94˚C for 3 min, 35‑cycles of 94˚C for 35 sec, 55˚C 
	 for 25 sec, 72˚C for 1 min
VEGF	 94˚C for 3 min, 34‑cycles of 94˚C for 30 sec, 61˚C 
	 for 31 sec, 72˚C for 1 min

Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑associated X protein; VEGF, 
vascular endothelial growth factor; CXCL5, C‑X‑C motif chemokine 
ligand 5; CXCR2, C‑X‑C chemokine receptor type 2.

Table I. Primer sequences used for reverse transcription‑polymerase chain reaction.

Gene	 Forward primer sequence, 5'‑3'	 Reverse primer sequence, 5'‑3'

β‑actin 	 AGAAAATCTGGCACCACACC	 CTCCTTAATGTCACGCACGA
CXCL5	 GCTACCACTTCCACCTTG	 CCACTATGAGCCTVVTGT
CXCR2	 CAGGAATGTGGCCAAAAAT	 GGAAACTCCCTCGTGATG
NDRG3	 GGCGAATTGTCCCCTACCACCAG	 CTGCCTCCTGTTCTTACCCACCTA
Bcl‑2	 CGAACTCAAAGAAGGCCACAAT	 TGGGAGAACGGGGTACGATA
Bax	 TGAGCACTCCCGCCACAAAG	 TTGTCGCCCTTTTCTACTTTGCC
P53	 TGCAATAGGTGTGCGTCAGAA	 CCCCGGGACAAAGCAAA
VEGF	 CAAATCTAGCCAGGAAACGACC	 AAGGAGGAGGGCAGAATCATCACGA

Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑associated X protein; VEGF, vascular endothelial growth factor; CXCL5, C‑X‑C motif chemokine 
ligand 5; CXCR2, C‑X‑C chemokine receptor type 2.
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treated with 20 or 40  ng/ml of exogenous CXCL5 after 
72 or 96 h. It was observed that 60 ng/ml of exogenous CXCL5 
exerted an inhibitory effect on proliferation at each time 
point, and a significant decrease on growth in HepG2 cells 
treated with 60 ng/ml of exogenous CXCL5 was found after 
96 h (Fig. 2A). After 12 days of incubation, colony formation 
assay showed that the total colony number in HepG2 cells 
treated with 60 ng/ml of exogenous CXCL5 was significantly 
increased compared with 0, 20, 40 or 80 ng/ml exogenous 
CXCL5  (Fig.  2B). Additionally, a significant increase in 
migration was observed in HepG2 cells treated with 40, 60 
or 80 ng/ml exogenous CXCL5 compared with 0, 20 ng/ml 
exogenous CXCL5 (Fig. 2C).

Overexpression of CXCL5 accelerates proliferation, colony 
formation and migration of HepG2 cells in vitro. To study 
the autocrine roles of CXCL5 on HepG2 cells, the target 
gene CXCL5 was successfully transfected into HepG2 cells. 
RT‑PCR and ELISA showed that CXCL5 mRNA and protein 
expression in CXCL5 overexpression cells (HepG2‑A1113) 
was significantly increased in comparison to parental 
cells (HepG2‑parental) or empty vector expression cells 

Figure 1. CXCL5 and its receptor CXCR2 are expressed by parental, 
HepG2‑NEG and HepG2‑A1113 cells. (A) CXCL5 mRNA was upregulated 
in HepG2‑A1113 cells compared with HepG2‑parental or HepG2‑NEG 
cells. The expression levels of CXCR2 (A) mRNA and (B) protein were 
not significantly different in all three cell lines. (C) However, the expres-
sion of CXCL5 secretory protein was upregulated in HepG2‑A1113 cells 
compared with HepG2‑parental or HepG2‑NEG cells. *P<0.05. CXCL5, 
C‑X‑C motif chemokine ligand 5; CXCR2, C‑X‑C chemokine receptor 
type 2; HepG2‑NEG, empty vector‑transfected HepG2 cells; HepG2‑A1113, 
CXCL5‑transfected HepG2 cells.

Figure 2. Exogenous CXCL5 expression contributes to the tumorigenesis of 
HepG2 cells in vitro. (A) Cell counting kit‑8 assay showed significant growth 
promotion when HepG2 cells grew in medium supplemented with 20 ng/ml 
exogenous CXCL5 for 48, 72 or 96 h or 40 ng/ml exogenous CXCL5 for 
72 or 96 h; 60 ng/ml exogenous CXCL5 significantly inhibited proliferation 
only after 96 h of treatment (*P<0.05 vs. 0, 40 or 60 ng/ml; &P<0.05 vs. 0 
or 60 ng/ml; #P<0.05 vs. 0, 20 or 40 ng/ml). (B) Treatment with 60 ng/ml 
exogenous CXCL5 efficiently promoted colony formation of HepG2 cells 
after 12 days (*P<0.05). (C) Representative images indicated that exogenous 
CXCL5 at certain concentrations significantly enhanced the migration 
of HepG2 cells in a Transwell assay (*P<0.05 vs. 0, 20, 60 or 80 ng/ml; 
&P<0.05 vs. 0 or 20 ng/ml). CXCL5, C‑X‑C motif chemokine ligand 5.
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(HepG2‑NEG) (Fig. 1A and C). HepG2‑A1113 cells exhibited 
increased growth, colony formation and migration compared 
with HepG2‑parental and HepG2‑NEG (Fig. 3A‑C).

Upregulation of CXCL5 in LX‑2 cells encourages the carci‑
nogenic potential in HepG2 cells by paracrine signaling. To 
investigate paracrine role of CXCL5, the identity of CXCL5 
overexpression LX‑2 cells (LX‑2 A1113) and empty vector 
expression LX‑2 cells (LX‑2 NEG) was confirmed by RT‑PCR 
(Fig. 4A) and ELISA assays (Fig. 4B). CCK‑8 and Transwell 
assays showed that proliferation and migration of the HepG2 
cells treated with the CM of LX‑2 A1113 was significantly 
increased compared with the cells treated with CM from LX‑2 
parental or LX‑2 NEG cells (Fig. 4C and D).

Overexpression of CXCL5 regulates the expression of genes in 
HepG2 cells. RT‑PCR showed downregulation of N‑myc down-
regulated gene (NDRG) 3, B‑cell lymphoma‑2 (Bcl‑2) ‑associated 
X protein (Bax) and P53 in HepG2‑A1113 cells compared with 
HepG2‑parental or HepG2‑NEG cells. However, overexpres-
sion of CXCL5 in HepG2 cells led to upregulation of Bcl‑2 and 
vascular endothelial growth factor (VEGF) mRNA (Fig. 5A). 
Western blotting indicated that the protein levels of IL‑18, IL‑1β 
and CSE in HepG2‑A1113 cells were increased compared with 
HepG2‑parental and HepG2‑NEG cells (Fig. 5B).

Discussion

At present, the biological roles of chemokines in malignancies 
is diverse and the views are involved in both carcinogenesis 
and tumor inhibition. However, the preponderance of evidence 
showed that chemokines contribute mainly to carcinogenesis 
in the progress of cancers (19). Although CXCL5 has been 
reported to have numerous roles in carcinomas (20,21), to 
the best of our knowledge, the present study was the first to 
conduct a paracrine secretion assay to investigate the effects of 
endogenous CXCL5 secreted by hepatic stellate LX‑2 cells on 
the oncogenic potential of HB HepG2 cells. HepG2 was origi-
nally thought to be a hepatocellular carcinoma cell line and 
was utilized to investigate hepatocellular carcinoma. However, 
previous research has shown that HepG2 is a HB‑derived cell 
line (22), which has a crucial role in studying the underlying 
progression and mechanism of HB (23,24). In the present 
study, it was confirmed that CXCL5 and its receptor CXCR2 
are expressed in HepG2 cells. Additionally, an appropriate 
concentration of exogenous CXCL5 significantly promoted 
the proliferation and migration of HepG2 cells. It continues to 
be uncertain why exogenous CXCL5 at a high concentration 
suppressed the proliferation and migration of HepG2 cells. In 
the present results, overexpression of CXCL5 in HepG2 did not 
change the expression of CXCR2, suggesting the suppressive 
effects may be a result of the high concentration of CXCL5 
blocking the affinity of CXCR2 to CXCL5. Since tumor cells 
and surrounding stromal cells may secrete chemokines that 
stimulate proliferation or inhibit the apoptosis of tumor cells 
by activating chemokine receptors on tumor cells (19), HepG2 
cells overexpressing CXCL5 and LX‑2 cells overexpressing 
CXCL5 were constructed in the present study to conduct 
autocrine and paracrine assays. The autocrine results showed 
that overexpression of CXCL5 augmented the proliferation, 
colony formation and migration of HepG2 cells. Similarly, 
in paracrine assays, the condition medium of LX‑2 cells 
overexpressing CXCL5 stimulated the growth and migration 
capacities of HepG2 cells.

Figure 3. Overexpression of CXCL5 is positively associated with the onco-
genic potential of HepG2 cells in vitro. (A) Growth, (B) colony formation and 
(C) migration assays showed the growth, colony formation and migration, 
respectively, of HepG2‑A1113 cells were significantly increased compared 
with HepG2‑parental or HepG2‑NEG cells (*P<0.05). CXCL5, C‑X‑C motif 
chemokine ligand 5.
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Both Bax and Bcl‑2, which are members of the Bcl‑2 
family, have multiple roles in the carcinogenesis of tumors. 
As cells were exposed to adverse factors, Bax can induce the 
process of apoptosis, by which the permeabilization of mito-
chondrial outer membrane is strengthened. In contrast, Bcl‑2 is 
a potent inhibitor of apoptosis for the reason of suppressing the 
activity of Bax. It was apparent that Bax and Bcl‑2 had opposite 
effects on cell apoptosis, the balance between Bax and Bcl‑2 
determined the cell fate (25,26). Since both downregulation of 
Bax and upregulation of Bcl‑2 at mRNA levels were detected 
in HepG2 cells overexpressing CXCL5, CXCL5 in HepG2 
cells might help protect against apoptosis and further exert its 
function on proliferation.

In addition, the present findings showed that another 
apoptosis‑associated gene, P53, which is the upstream gene of 
Bax and Bcl‑2, was upregulated in HepG2 cells overexpressing 
CXCL5. Previous studies suggested that in AGS human cancer 

cells treated with polyphenols from lyophilized A. cepa Linn, 
upregulation of P53 was found, which further increased the 
Bax/Bcl‑2 ratio by disrupting the balance between Bax and 
Bcl‑2 (27,28). Based on the aforementioned findings for Bax, 
Bcl‑2 and p53, the present study hypothesized that CXCL5 in 
HepG2 cells participates in the malignant transformation of 
HB by downregulating P53, which decreases the ratio of Bax 
and Bcl‑2.

The present findings indicated that overexpression of 
CXCL5 can downregulate and upregulate the expression of 
NDRG3 and VEGF at mRNA level, respectively. NDRG3 is 
a member of the NDRG family, which contains 4 paralogs, 
consisting of NDRG1, ‑2, ‑3 and ‑4 (29). At present, a limited 
number of studies about NDRG3 have been produced. It has 
been found that NDRG3 may have a role in spermatogen-
esis, since it is found in the outer layers of the seminiferous 
epithelium  (30). In our previous study, we identified that 

Figure 4. Upregulation of CXCL5 in LX‑2 cells is involved in the proliferation and migration of HepG2 cells by paracrine signaling. CXCL5 (A) mRNA 
and (B) secretory protein in LX‑2 A1113 cells were significantly increased compared with parental and LX‑2 NEG cells (*P<0.05). The (C) proliferation and 
(D) migration capacity of HepG2 cells treated with CM from LX‑2 A1113 cells were increased compared with the cells treated with CM from LX‑2 parental 
or LX‑2 NEG cells (*P<0.05). CXCL5, C‑X‑C motif chemokine ligand 5; LX‑2 A1113, CXCL5‑transfected LX‑2 cells; LX‑2 NEG, empty vector‑transfected 
LX‑2 cells; CM, culture medium.
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NDRG3 was associated with the proliferation and migration 
ability of prostatic carcinoma cells in vitro and in a nude 
mouse xenograft model (18). Furthermore, overexpression of 
NDRG3 in PCa can significantly upregulate the expression 
of CXCL5, and the results of this study indicated that the 
effect of NDRG3 on tumorigenesis of PCa is partly mediated 
through the NDRG3/CXCL5 pathway  (18). By contrast, it 
was also shown that overexpression of CXCL5 decreased the 
expression of NDRG3, suggesting there is a negative feedback 
mechanism in the NDRG3/CXCL5 pathway. Since NDRG3 
is an androgen‑dependent gene  (18), it is possible that the 
deactivation process of estrogen may be delayed as the normal 
functions of hepatic cells are damaged with the development 
of HB and further lead to an increase in the estrogen/androgen 
ratio. As a result, the expression of the androgen‑dependent 
gene NDRG3 will be suppressed.

VEGF has a variety of biological functions and has impor-
tant roles in angiogenesis, but the significance of VEGF in 
tumors has yet to be fully elucidated. As demonstrated in a 

previous study, VEGF and its receptor kinase insert domain 
receptor stimulated the proliferation of gastric adenocarci-
noma cells via an autocrine mechanism (31). On the basis of 
the aforementioned findings and the present RT‑PCR data, 
which found overexpression of VEGF in HepG2 cells overex-
pressing CXCL5, the proliferation activity of CXCL5 in HB 
may be mediated through VEGF.

As an endogenous enzyme, CSE is crucial to the genera-
tion of H2S. Previous studies have shown that CSE is involved 
in a variety of physiological and tumor processes (32‑34), and 
the knockdown of CSE by shRNA can decrease cell prolifera-
tion, migration and tumor xenograft growth in nude mice (35). 
Consistent with this, the present data showed that the upregula-
tion of the CSE protein in HepG2 cells overexpressing CXCL5 
is positively associated with the proliferation and migration of 
HepG2 cells.

It has been recognized that IL‑18 has an important role 
in the invasion and migration of tumors by contributing 
to the evasion of immune recognition, producing tumor 

Figure 5. Overexpression of CXCL5 regulates the expression of genes in HepG2 cells. (A) In reverse transcription‑polymerase chain reaction assays, downregu-
lation of NDRG3, Bax and P53 mRNA in HepG2‑A1113 cells were detected compared with HepG2‑parental or HepG2‑NEG cells. However, the levels of Bcl‑2 
and VEGF mRNA in HepG2‑A1113 cells were increased. (B) Western blotting assays showed upregulation of IL‑18, IL‑1β and CSE proteins in HepG2‑A1113 
cells (*P<0.01; &P<0.05). Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑associated X protein; VEGF, vascular endothelial growth factor; IL, interleukin; CXCL5, 
C‑X‑C motif chemokine ligand 5; CSE, cystathionine‑γ‑lyase; HepG2‑NEG, empty vector‑transfected HepG2 cells; HepG2‑A1113, CXCL5‑transfected 
HepG2 cells.
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growth‑stimulating factors and promoting angiogenesis (36). 
In a study investigating IL‑1β, Tu et al (37) demonstrated that 
IL‑1β in transgenic mice promotes spontaneous inflamma-
tion, metaplasia, dysplasia and carcinoma; activating NF‑κB 
through IL‑1β enhanced gastric inflammation and promoted 
carcinogenesis in myeloid‑derived suppressor cells. In addi-
tion, the present western blotting assay showed that the IL‑18 
and IL‑1β proteins were upregulated in HepG2 cells overex-
pressing CXCL5. These findings support the importance of 
CXCL5 in immune and inflammatory reactions of HB.

In summary, the present study demonstrated that the 
CXCL5/CXCR2 axis is involved in the carcinogenesis of HB 
by regulating the expression of several genes. In particular, 
the results of the present study demonstrated that conditional 
medium from CXCL5‑overexpressing hepatic stellate LX‑2 
cells, a major stromal cell type, stimulated HB HepG2 cell 
proliferation and migration in a paracrine fashion, suggesting 
that stromal‑epithelial interactions, by which cancer cells 
interact with their surrounding cells, are critical events in 
tumor microenvironment.
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