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Abstract
Epithelial neutrophil-activating peptide-78 (CXCL5), a member of the subgroup of CXC-type chemokine family, is an inflam-
matory factor involved in the progression of lung cancer, but the underlying mechanism remains unclear. In this study, we
investigated the effects of CXCL5 on proliferation andmigration in non-small cell lung cancer (NSCLC) using tissuemicroarrays
from NSCLC patients and H460 cells transfected with a CXCL5-interfered lentivirus vector or stimulated with recombinant
CXCL5. We observed that the expression of CXCL5 was significantly higher in lung cancer cell lines, and high CXCL5 was
associated with high chemokine (C-X-C motif) receptor 2 expression and was significantly associated with poor differentiation.
The high expression of CXCL5 was associated with poor NSCLC prognosis and was an independent predictive factor.
Furthermore, downregulation of CXCL5 in H460 cells significantly reduced proliferation and migration. Recombinant
CXCL5 promoted H460 cell proliferation and movement by activating MAPK/ERK1/2 and PI3K/AKT signaling. Our study
elucidates the important role of CXCL5 in the progression and prognosis of NSCLC. These findings suggested that CXCL5
might be a potential biomarker and novel therapeutic target for lung cancer.
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Introduction

Lung cancer is the most commonly diagnosed cancer and the
leading cause of cancer-related death, accounting for approx-
imately 13% of total cancer cases and 18% of cancer deaths
worldwide each year [10]. Improvement of surgical tech-
niques and perioperative treatments has increased lung cancer
survival. However, many patients have local and distant me-
tastasis when they are diagnosed, which contributes to an
overall 5-year survival of only 6 to 18% [31]. Better

understanding of the molecular pathogenesis of lung cancer
would help to improve this situation.

The importance of inflammation in lung cancer has been
widely demonstrated. Chemotactic cytokines promote migra-
tion of leucocytes or lymphocytes from peripheral blood to
tissue and serve as mediators of inflammation. Recent studies
have identified chemokines produced by cancer cells essential
for the development of inflammatory microenvironments that
promote tumor progression [12, 26]. Inflammatory mediators
such as tumor necrosis factor (TNF)-α, transforming growth
factor (TGF)-β, and interleukin (IL)-1 promote tumor cell
proliferation andmetastasis [6, 20, 29]. Evidence suggests that
chemokines and their receptors are involved in tumor progres-
sion. Dysregulated expression of specific chemokines has
been implicated to be involved in the progression of inflam-
matory environment and the initiation of non-small cell lung
cancer (NSCLC) [19, 25, 27].

Epithelial neutrophil-activating peptide-78 (CXCL5) is a
chemokine that plays an important role in leukocyte recruit-
ment, tumor cell proliferation, and metastasis. It is a member
of the CXC chemokine family, which contains an ELR motif
similar to that of IL-8, which promotes angiogenesis by
interacting with chemokine (C-X-C motif) receptor 2
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(CXCR2), its specific G-protein-coupled receptor. CXCL5
promotes bladder cancer cell migration and invasion follow-
ing binding to CXCR2, activation of PI3K/AKT signaling,
and upregulation of matrix metalloprotein 2 and matrix
metalloprotein 9 [5]. Osteoblast-derived CXCL5 promotes
breast tumor progression by activating the ERK/MSK1/Elk-
1/Snail signaling pathway [9]. In studies of lung cancer,
DACH1 inhibited lung adenocarcinoma invasion and tumor
growth by repressing CXCL5 signaling [8]. The expression of
CXCL5 and its activity in NSCLC progression remain elu-
sive. This study assayed the expression of CXCL5 in
NSCLC specimens and evaluated the relationship between
the CXCL5 expression, clinical characteristics, and overall
survival. The effects of both CXCL5 knockdown and exoge-
nous recombinant CXCL5 on proliferation and migration of
human H460 NSCLC and the underlying signaling pathways
were also investigated.

Materials and methods

Patients and NSCLC tissue

Tissue specimens were obtained from 208 patients with cura-
tive resection for NSCLC, including lobectomy and mediasti-
nal lymph node dissection, at Zhongshan Hospital, Shanghai,
China, in 2005. Pathological evaluation of formalin-fixed,
paraffin-embedded tissue and complete clinical follow-up da-
ta were available for the included patients. The tumor/node/
metastasis (TNM) stage was determined by the criteria of
Union for International Cancer Control Lung Cancer
Classification, sixth edition. The pathological classification
was based onWorld Health Organization criteria. The median
patient follow-up was 43 months (range, 1–66 months) and
was completed in July 2010. Overall survival (OS) was de-
fined as the interval between surgery and death or the last
follow-up evaluation, and the data were censored at the last
follow-up for living patients. The Zhongshan Hospital
Research Ethics Committee approved the study, and all pa-
tients gave informed consent prior to enrollment.

Cell lines and reagents

HBE, immortalized normal human bronchial epithelial cells
(American Type Culture Collection) and SPC-A-1, H1299,
H1650, A549, H460 and H358, and human lung cancer cells
(Cell bank of the typical culture preservation Committee,
Chinese Academy of Sciences, Shanghai, China) were cul-
tured in RPMI 1640 supplemented with 10% heat-
inactivated fetal bovine serum in standard conditions (37 °C,
20% O2, 5% CO2). Human CXCL5 quantikine enzyme-
linked immunosorbent assay (ELISA) kits (DX000), recom-
binant CXCL5 (254-XB), and anti-human CXCL5 antibody

(Clone# 33160) were purchased from R&D Systems
(Shanghai, China). Anti-human CXCR2 antibody was pur-
chased from Abcam (ab14935, Hong Kong, China). PI3K/
mTOR inhibitor (LY294002) and ERK1/2 inhibitor
(PD98059) were purchased from Biovision (Milpitas, CA,
USA).

Assay of gene expression

Total RNA was isolated by TRIzol reagent (Invitrogen,
Carlsbad, USA) and the concentration was determined
by optical density at 260 nm. Then, RNA was reverse
transcribed to cDNA. Quantitative real-time PCR (RT-qPCR)
was performed with the Advanced Biosystems 7500 Fast
qPCR system (Eppendorf, Hamburg, Germany) with two-
stage program parameters, as follows: 1 min at 95 °C followed
by 40 cycles of 5 s at 95 °C and 30s at 60 °C. Sequences of the
primer sets used for this analysis are as follows:
CXCL5, 5′-GAGAGCTGCGTTGCGTTTGTTTAC-3′
(forward [F]) and 5′-CCGTTCTTCAGGGAGGCTACCA-3′
(reverse [R]); and for human glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH), 5′-CCACCCATGGCAAATTCCAT
GGCA-3′(F) and 5′-TCTACACGGCAGGTCAGGTC
CACC-3′(R). Specificity of the amplified products was con-
firmed by examination of dissociation reaction plots. Each
sample was assayed in triplicate, and each experimental group
had six wells.

CXCL5 protein assay

CXCL5 protein levels in cell culture supernatants were deter-
mined by ELISA following the protocol provided by the assay
kit manufacturer (DX000, R&D Systems, Shanghai, China).
Briefly, protein samples and standards were added to 96-well
polystyrene microplates coated with CXCL5 primary anti-
body and incubated for 2 h. The plates were washed and
incubated with CXCL5 conjugate antibody and incubated
for 2 h. After washing twice, substrate solution was added
for color development, and the reaction was terminated with
stop solution. Absorbance was measured at 450 nm and
CXCL5 protein concentration was determined by comparison
to the standard curve. The final cell number was counted and
the amount of protein secreted by 105 cells was reported as the
expression level.

Cell proliferation assay

Cells were seeded in 96-well plates at a density of 2000 per
well and incubated for 6 h. Cell counting kit-8 (CCK-8) solu-
tion (Dojindo, Japan) was added to each well at a final con-
centration of 10%, and the plates were incubated for 2 h before
measurement of baseline absorbance at 450 nm. Cell prolifer-
ation was monitored every 24 h for 96 h.
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Colony formation assay

Cells were seeded into culture dishes and incubated for
2 weeks, washed three times in phosphate-buffered saline
(PBS), fixed 5 min with 4% paraformaldehyde, washed in
PBS, and stained with crystal violet for 20 min at room tem-
perature. After removing the stain solution, the cells were
washed two times with tap water and air-dried. Culture dishes
with the stained cells were observed and photographed.

Migration assay

Migration assays were performed in transwell permeable in-
serts with 8-μm pores (Corning Inc.; Corning, NY, USA).
Serum-starved cells were trypsinized and 2 × 104 cells in
200 μl serum-free medium were placed into the upper cham-
ber, and the bottom chamber was filled with 600 μl of 10%
FBS–RPMI 1640. After 24 h, cells that migrated to the lower
chamber were fixed, stained with Giemsa stain, air-dried, and
photographed.

Western blot assay

Protein samples (40 μg) were mixed with one-fourth volume
of a sodium dodecyl sulfate (SDS) sample buffer, boiled for
5 min, and then separated by 10% SDS-polyacrylamide gel
electrophoresis (PAGE). After electrophoresis, proteins were
transferred to nylon membranes and incubated with primary
antibodies in 5% bovine serum albumin (BSA), at 4 °C over-
night after blocking in 5% BSA for 2 h. The primary antibod-
ies and dilutions used were as follows: anti-phospho-AKT
(Ser473), anti-AKT, anti-phospho-ERK1/2 (Thr202/Tyr204),
anti-ERK1/2, anti-phospho-p38 (Thr180/Tyr182), anti-p38,
anti-phospho-JNK (Thr183/Tyr185), anti-JNK, (1:1000, Cell
Signaling Technology, Boston, MA); CXCR2(1:500;
ab14935, Abcam, Hong Kong, China), and GAPDH
(1:5000; Millipore, Bedford, MA). The membranes were in-
cubated in horseradish peroxidase-conjugated anti-rabbit sec-
ondary antibody (1:5000, A0208, Beyotime, Shanghai,
China) for 2 h at room temperature after washing three times
in TBST. After washing, the band densities were read and
results calculated by Phoretix 1D software.

Tissue microarray and immunohistochemistry

Tissue microarrays were constructed as previously described
[7]. Immunohistochemistry was performed by the avidin-
biotin-peroxidase complex method. Briefly, after rehydration
and microwave antigen retrieval, antibodies against human
anti-human CXCL5 monoclonal antibody (1:20, Clone#
33160, R&D Systems, Shanghai, China) [33] and human
CXCR2 antibody (1:50, ab14935, Abcam, Hong Kong,
China) [3] were used to sections, incubated at 4 °C overnight,

and followed with secondary antibody incubation
(GK500705, Gene Tech, China) at 37 °C for 30 min.
Staining was carried out with DAB and counter-staining with
hematoxylin. CXCL5 expression was evaluated by two pa-
thologists independently. Staining intensity was scored semi-
quantitatively from negative (0) to strong (4). The percentage
of positively stained cells was scored as 0 (0%), 1 (1 to 33%),
2 (34 to 66%), and 3 (67 to 100%). The staining scores were
reported as the sum of the percentage and intensity scores.
Staining was reported as indicating low (score of 0–2) or high
(score of 3–6) expression.

RNA interference (siRNA) and transfection

Three siRNAswere used to block the expression of CXCL5 in
H460 cells. A control siRNAwas employed as negative con-
trols. Sequences of the siRNAs used for this analysis are as
follows: siRNA-NC, 5′-UUCUCCGAACGUGUCACGUTT-
3′(F) and 5′-ACGUGACACGUUCGGAGAATT-3′(R);
siRNA-1, 5′-GACCACGCAAGGAGUUCAUTT-3′(F) and
5′-AUGAACUCCUUGCGUGGUCTT-3′(R); siRNA-2,
5 ′-UGGAAACAAGGAAAACUGATT-3′(F) and 5 ′-
UCAGUUUUCCUUGUUUCCATT-3′(R); and siRNA-3,
5 ′-UCUGCAAGUGUUCGCCAUATT-3 ′(F) and 5 ′-
UAUGGCGAACACUUGCAGAT–3′(R).

A lentivirus vector with siRNA-3 was designed and
provided by Ribobio Co. (Guangzhou, Guangdong,
China), and lentivirus packaging and transduction were
performed following the supplier’s recommended proto-
col. Briefly, H460 cells were placed in 12-well plates
and optimal lentivirus (10 μl) was used for transfection.
And each experiment included controls containing the
transfection reagent with the control vector. After
24 h, CXCL5 were detected by qRT-PCR and western
blot analysis. Following exposure to the lentivirus vec-
tor, the stable transduced cells were selected by culture
with puromycin 5 μg/ml for 2 weeks for our further
study.

Statistical analysis

Data were reported as means ± standard error of the mean
(SEM) of replicate experiments (n ≥ 3). The statistical signif-
icance of between-group differences was determined by
Student’s t test, after analysis of variance. The association of
clinicopathological variables and CXCL5 expression was de-
termined by the χ2 test. Cumulative survival was estimated by
the Kaplan–Meier method and analyzed by the log-rank test.
Univariate and multivariate analyses were performed using
the Cox proportional hazards regression model. p values <
0.05 were considered significant.

CXCL5 regulation of proliferation and migration in human non-small cell lung cancer cells 315



Results

CXCL5 expression is upregulated in NSCLC tissues

Immunohistochemical staining of NSCLC tissue microarrays
included tissues from 208 NSCLC patients with different
stages and histologic types of disease. Positive CXCL5 stain-
ing was observed in the cytoplasm of normal bronchial and
alveolar epithelial cells, but the expression was low,
with negative or weak intensity. Immunohistochemical
staining confirmed that the expression of CXCL5 was
significantly higher in NSCLC tissues than in non-tumor
tissues (Fig. 1). High expression of CXCL5 was observed in
104 of 208 patients with NSCLC (50%). The correlations of
CXCL5 expression with clinicopathological features are
shown in Table 1. CXCL5 expression was significantly cor-
related with lymph node metastasis, TNM stage, and CXCR2
expression. During follow-up, 109 patients died of lung

cancer. The overall 5-year survival rate for all patients was
47.6%. CXCL5 expression had a significant negative correla-
tion with prognosis (Fig. 2) and was an independent prognos-
tic factor in NSCLC patients (Table 2).

Positive CXCR2 staining was observed in the cytomem-
brane, and its expression was significantly upregulated in tumor
tissues (Fig. 1). High expression of CXCR2was also associated
with poorer differentiation, lymph node metastasis, and ad-
vanced pathological stage (Table 1), while the different expres-
sion of CXCR2 did not affect the OS of NSCLC (Table 2).

CXCL5 expression is the highest among the cell lines
tested

CXCL5 expression was assayed in six NSCLC cell lines and
normal HBE airway epithelial cells by qRT-PCR and ELISA.
Expression of CXCR2 protein was assayed in those cell lines
in western blots. Expression of CXCL5 mRNAwas detected

Fig. 1 Expression of CXCL5 andCXCR2 in normal and tumor tissues from patients with NSCLC. (A1–C1) TheHE staining, (A2–C2) the expression of
CXCL5, and (A3–C3) the expression of CXCR2
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by qPCR only in H460 and H1650 cells (Fig. 3a). ELISA
confirmed the high expression of CXCL5 protein in tumor
cell lines, with the highest expression in H460 cells, which
selected for subsequent experiments (Fig. 3b). CXCR2 pro-
tein expression was detected by western blotting in the same
two cell lines (Fig. 3c).

CXCL5 silencing inhibits proliferation, migration,
and colony formation of H460 cells

Three siRNAs were used to downregulate CXCL5 expression
in H460 cells and the efficiency was assayed by qRT-PCR and
ELISA, as shown in Fig. 4a, b. Cultures of H460 transfected

by lentivirus with the most effective sequence were
established for use in subsequent study procedures.

We tested the effect of CXCL5 on proliferation using CCK-
8 assay. Proliferation was significantly suppressed in CXCL5-
silenced cells; significantly fewer colonies formed in silenced
than in control CXCL5 cell cultures. In the transwell assay,
migration of CXCL5 knockdown cells was significantly re-
duced compared with that of control cells (Fig. 4c–e). The
signaling pathways involved in CXCL5-mediated effects on
proliferation and invasion of H460 NSCLC cells were inves-
tigated by western blotting, which implicated the PI3K/AKT
andMAPK/ERK1/2 signaling pathways. CXCL5 knockdown
inhibited AKT and ERK1/2 phosphorylation, but had no in-
fluence on JNK and P38 phosphorylation (Fig. 4f).

Table 1 Clinicopathologic
variables in 208 patients with
non-small cell lung cancer

Variables No. (%) CXCL5 expression p CXCR2 expression p

Low (%) High (%) Low (%) High (%)

Age 0.331 0.948

≤ 60 111 (53.4) 59 (28.4) 52 (25.0) 52 (25.0) 59 (28.4)

> 60 97 (46.6) 45 (21.6) 52 (25.0) 45 (21.6) 52 (25.0)

Gender 0.446 0.659

Male 147 (70.7) 76 (36.5) 71 (34.1) 70 (33.7) 77 (37.0)

Female 61 (29.3) 28 (13.5) 33 (15.9) 27 (13.0) 34 (16.3)

Smoking status 0.258 0.538

Smokers 84 (40.4) 46 (22.1) 38 (18.3) 37 (17.8) 47 (22.6)

Non-smokers 124 (59.6) 58 (27.9) 66 (31.7) 60 (28.8) 64 (30.8)

Histological type 0.185a 0.463a

SCC 85 (40.9) 39 (18.8) 46 (22.1) 38 (18.4) 47 (22.6)

Adenocarcinoma 110 (52.9) 61 (29.3) 49 (23.6) 55 (26.4) 55 (26.4)

Othersb 13 (6.2) 4 (1.9) 9 (4.3) 4 (1.9) 9 (4.3)

Differentiation 0.008 0.004

Well/moderate 115 (55.3) 67 (32.2) 48 (23.1) 64 (30.8) 51 (24.5)

Poor 93 (44.7) 37 (17.8) 56 (26.9) 33 (15.9) 60 (28.8)

Tumor size 0.136 0.063

≤ 3 cm 66 (31.7) 38 (18.3) 28 (13.5) 37 (17.8) 29 (14.0)

> 3 cm 142 (68.3) 66 (31.7) 76 (36.5) 60 (28.8) 82 (39.4)

Lymph node metastasis 0.012 0.025

Yes 90 (43.3) 36 (17.3) 54 (26.0) 34 (16.4) 56 (26.9)

No 118 (56.7) 68 (32.7) 50 (24.0) 63 (30.3) 55 (26.4)

Pathological stage 0.007 0.008

I–II 144 (69.2) 79 (38.0) 65 (31.3) 76 (36.5) 68 (32.7)

III–IV 64 (30.8) 30 (14.4) 34 (16.3) 21 (10.1) 43 (20.7)

CXCR2 expression 0.018

Low 97 (46.6) 57 (27.4) 40 (19.3)

High 111 (53.4) 47 (22.6) 68 (32.7)

SCC squamous cell carcinoma
a p values reflect comparisons between SCC and adenocarcinoma
b Others include adenosquamous carcinoma, large cell carcinoma, mucoepidermoid carcinoma, and
carcinosarcoma

CXCL5 regulation of proliferation and migration in human non-small cell lung cancer cells 317



Exogenous CXCL5 promotes proliferation
and migration of H460

We stimulated H460 cells with various concentrations of recom-
binant CXCL5 (0.1, 1, and 10 nM) to investigate the effects on
proliferation and migration. Recombinant CXCL5 increased the
proliferation and migration of H460. Increases in response to 1-
and 10-nM CXCL5 were significant (Fig. 5a, b). Significant
increases of phosphorylated AKT and ERK1/2 were observed
in H460 cells treated with recombinant CXCL5 (Fig. 5c). These
results are consistent with CXCL5 activation of the PI3K/AKT
and MAPK/ERK1/2 signaling pathways in H460 cells.

To eva lua t e t he e f f e c t s o f P I3K/AKT and
MAPK/ERK1/2 on the proliferation and migration of
H460 cells, we cultured H460 cells with an ERK1/2

inhibitor (PD98059) or a PI3K inhibitor (LY294002).
The proliferation and migration induced by CXCL5
were significantly inhibited (Fig. 6).

Discussion

CXCL5 is a member of a proangiogenic subgroup of
the CXC-type chemokine family. Emerging evidence
has demonstrated that CXCL5 is involved in carcino-
genesis and cancer progression. This investigation of
CXCL5 in NSCLC patients demonstrated that high ex-
pression of CXCL5 was associated with poor OS.
CXCL5 was overexpressed in the NSCLC tissue

Fig. 2 Prognostic significance
was assessed using Kaplan–Meier
survival estimates and log-rank
tests

Table 2 Univariate and
multivariate analysis of factors
associated with OS

Variables Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Gender (male vs. female) 0.768 (0.502–1.174) 0.223

Smoking status (non-smokers vs.
smokers)

1.295 (0.887–1.891) 0.180

Tumor size (> 3 vs. ≤ 3 cm) 3.236 (1.946–5.376) < 0.001 2.617 (1.563–4.386) < 0.001

Lymph node metastasis (yes vs. no) 3.096 (2.096–4.566) < 0.001 2.646 (1.779–3.937) < 0.001

Tumor stage (III–IV vs. I–II) 2.809 (1.919–4.115) < 0.001 2.105 (1.305–3.401) 0.002

Differentiation (poor vs. well/moderate) 1.597 (1.096–2.326) 0.015 1.247 (0.845–1.838) 0.266

CXCR2 level (high vs. low) 1.379 (0.942–2.020) 0.094

CXCl5 level (high vs. low) 1.515 (1.035–2.217) 0.033 1.639 (1.116–2.404) 0.012

318 Wang et al.



evaluated in our study, which is in line with previous studies in
various cancers [4, 5, 34]. The prognostic value of CXCL5
expression has been previously demonstrated in NSCLC.
Gene screening in patients with early stage NSCLC confirmed
that CXCL5 was the only one of the 23 candidate genes that
had a significant, independent association with both overall
and disease-free survival [16]. In the present study, upregula-
tion of CXCL5 was significantly associated with poorer dif-
ferentiation, lymph node metastasis, advanced pathological
stage, and higher CXCR2 expression in NSCLC. Further anal-
ysis showed that high expression of CXCL5was accompanied
with worse OS and expression of CXCL5 was identified as an
independent prognostic factor in patients with NSCLC.
Survival rate of NSCLC patients remains unsatisfactory de-
spite advances in treatments. Therefore, there is a great need
for biomarkers to predict NSCLC patients’ prognosis which
may help to develop novel therapeutic drugs for the improve-
ment of NSCLC patients’ survival. Our observations from this
study prompted us to hypothesize that CXCL5 might be used
as a prognostic biomarker in NSCLC.

Lung cancer has diverse functional and biological charac-
teristics, and TNM stage has strong prognostic value. Tumor
size and lymph node involvement are predictive of recurrence
and metastasis, but they do not reflect the complex nature of
NSCLC, in which many biochemical changes underlie pro-
gression. The inflammatory microenvironment, with

inflammatory cells, cytokines, and chemokines, influences
the progress of invasion and metastasis of malignant tumors
[28]. Meanwhile, neoplastic tumor cells often overexpress
pro-inflammatory mediators to promote cellular proliferation,
angiogenesis, resistance to apoptosis, epithelial-to-
mesenchymal transition, invasion, and metastasis [24].
CXCL5 was reported to be a powerful proangiogenic chemo-
kine and mediator of inflammation to promote cancer progres-
sion. It has been reported that overexpression of CXCL5 pro-
motes hepatic hepatocellular carcinoma (HCC) cell prolifera-
tion, invasion, intratumoral neutrophil infiltration, and
epithelial-mesenchymal transition [33, 34]. It also promotes
proliferation and migration of bladder and colorectal cancer
cells [13, 32]. Arenberg et al. first reported that CXCL5 was
elevated in fresh NSCLC tissues and correlated with vascular
density [1]. Elevated serum levels of CXCL5were statistically
significantly associated with lung cancer risk [23].
Cyclooxygenase-2 contributes to the progression of NSCLC
tumorigenesis by enhancing the expression of angiogenic
chemokines CXCL8 and CXCL5 [21] while the synergistic
effect of HB-EGF (heparin-binding EGF-like growth factor)
and CXCL5 exacerbates cancer progression and results in
metastasis by potentiating the classical EGFR pathway and
the AKTand ERK/RSK1/2 signaling pathways and increasing
the phosphorylation of heat shock protein 27 [17]. Consistent
with these studies, our study further showed that CXCL5

Fig. 3 CXCL5 and CXCR2 overexpressed in NSCLC cells. a Relative
mRNA level of CXCL5 and the protein level of CXCR2 in different cell
lines. b Protein level of CXCL5 in different cell line culture supernatants.

c Protein level of CXCR2 in different cell lines; the right histogram
represents quantification analysis; **p < 0.01 vs. HBE
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protein abundance in various types of lung cancer cell lines
was higher than that in normal human bronchial epithelial
cells. In this study, the effects of CXCL5 on NSCLC devel-
opment and progression were also investigated by in vitro
assays. By downregulating CXCL5 in NSCLC cell lines
H460, the decrease of CXCL5 could effectively inhibit the
proliferation, colony formation, and migration capacities of
H460 cells. Additionally, we further found that recombinant
human CXCL5 promoted H460 cell proliferation and migra-
tion in a dose-dependent manner. Current studies suggested
that both endogenous and exogenous CXCL5 could promote

the progression of lung cancer. Together, these results indicat-
ed that CXCL5 might be a potential biomarker for NSCLC.

As a CXC chemokine, CXCL5 is an important attractant of
granulocytes by binding to its receptor CXCR2. CXCR2 has
been studied primarily in stromal cells in NSCLC and is
known to increase tumor inflammation and angiogenesis and
promote invasion and metastasis in lung adenocarcinoma
[22]. CXCR2 blockade eliminated Snail-induced tumor bur-
den which indicated that upstream regulation of Snail in hu-
man NSCLC plays a role by promoting tumor progression
mediated by CXCR2 ligands [30].CXCR2 was also

Fig. 4 CXCL5 silencing inhibited proliferation, migration, and colony
formation of H460 cells and downregulated the expression of
phosphorylated AKT and ERK1/2. a Relative mRNA level of CXCL5
in H460 cells silenced by RNA interference. b Protein level of CXCL5 in
H460 culture supernatant silenced by RNA interference. c Effect of
CXCL5 silencing on cell colony formation was detected by crystal

violet staining. d Effect of CXCL5 silencing on migration was
measured by transwell assay. e Effect of CXCL5 silencing on cell
proliferation was detected by CCK-8 assay. f Western blot analysis of
phosphorylation of AKT, ERK1/2, JNK, and P38 after CXCL5 silencing;
the right histogram represents quantification analysis; *p < 0.05,
**p < 0.01 vs. control
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significantly upregulated in several cancers, where they are
key regulators of tumor cell proliferation, metastasis, and an-
giogenesis. Blocking CXCR2 expression inhibits growth and
metastasis of human lung cancer cells by reducing phosphor-
ylation of ERK1/2 and AKT [14]. In our study, we found
CXCR2 was upregulated in NSCLC and its high expression
was correlated with lymph node metastasis and late patholog-
ical stage, but the expression of CXCR2 did not make signif-
icant difference to prognosis.

In addition, we investigated the downstream pathway and
found that CXCL5 was critical to promote cell proliferation
and migration in NSCLC by targeting MAPK/ERK1/2 and

PI3K/AKT signaling. AKT and ERK1/2 activation is closely
associated with promotion of proliferation, migration, inva-
sion, epithelial-to-mesenchymal transition, and chemo-
attraction of neutrophils in malignant tumors. The PI3K/AKT
and MAPK/ERK1/2 pathways correlate with lung cancer de-
velopment, proliferation, metastasis, and chemotherapy resis-
tance [2, 11, 15], as inhibition of PI3K/AKT pathway can
reduce migration and invasion of NSCLC cells [18]. In our
study, the western blot assays revealed increased phosphoryla-
tion of AKT and ERK1/2 after stimulation by CXCL5, while
the effects of CXCL5 on cell proliferation and migration were
prevented by PI3K/AKT and ERK1/2 inhibitors.

Fig. 5 Exogenous CXCL5 promoted proliferation andmigration of H460
and the expression of phosphorylated AKT and ERK1/2. a Effect of
recombinant CXCL5 on cell proliferation was detected by CCK-8 assay
(p < 0.01 compared CXCL5 (1 nM) with the control group; p < 0.01
compared CXCL5 (10 nM) with the control group). b Effect of

recombinant CXCL5 on cell migration was detected by transwell assay.
c Western blot analysis of phosphorylation of AKT, ERK1/2, JNK, and
P38 after recombinant CXCL5 stimulation; the histogram below repre-
sents quantification analysis; *p < 0.05, **p < 0.01 vs. control
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In summary, our study demonstrated that NSCLC
overexpressed CXCL5, and high levels of CXCL5 were asso-
ciated with poor prognosis of NSCLC after resection.
Moreover, overexpression of CXCL5 promoted tumor cell
proliferation and migration via the activation of PI3K/AKT
and MAPK/ERK1/2 signaling pathways. These findings

indicate CXCL5 might be a potential prognostic marker to
screen patients for unfavorable prognosis.

Funding information This study was funded by the National Natural
Science Foundation of China (grant number 81372313) and Outstanding
Youth Foundation of Zhongshan Hospital (grant number 2017ZSYQ28).

Fig. 6 ERK1/2 or PI3K inhibitor inhibited proliferation and migration
induced by CXCL5. a Effect of PI3K inhibitor (LY294002) on cell pro-
liferation induced by CXCL5 (p < 0.01 compared CXCL5+ LY294002
(10uM) with the CXCL5 group; p < 0.01 compared CXCL5+ LY294002
(20uM) with the CXCL5 group; p < 0.01 compared CXCL5+ LY294002
(40uM) with the CXCL5 group). b, c Effect of PI3K inhibitor
(LY294002) on cell migration induced by CXCL5. d Effect of ERK1/2

inhibitor (PD98059) on cell proliferation induced by CXCL5 (p < 0.01
compared CXCL5+ PD98059 (10uM) with the CXCL5 group; p < 0.01
compared CXCL5+ PD98059 (20uM) with the CXCL5 group; p < 0.01
comparedCXCL5+PD98059 (40uM)with the CXCL5 group). e, fEffect
of ERK1/2 inhibitor (PD98059) on cell migration induced by CXCL5;
**p < 0.01 vs. CXCL5 group
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