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Background: Non-small cell lung cancer (NSCLC) is the most common type of lung

cancer. The high expression of osteopontin (OPN) is an important factor that aggravates

drug resistance and causes a poor prognosis in this disease. Therefore, understanding the

molecular mechanism of OPN is critical for the treatment and prognosis of NSCLC.

Methods: We used bioinformatics analysis to verify the expression of OPN in normal lung

tissues and lung cancer tissues. Then we overexpressed and knocked down OPN in cell lines

to detect cell proliferation, migration, invasion, and effects on signaling pathways. Finally,

malignant progression and drug resistance induced by OPN were investigated by the wound

healing assay, transwell assay, clone formation assay, and Western blot analysis.

Results: We verified that OPN was upregulated in NSCLC tissues, and its overexpression

induced NSCLC cell proliferation, migration, and invasion via the mitogen-activated protein

kinase (MAPK) pathway. Furthermore, overexpression of OPN reduced the sensitivity of

NSCLC cells to cetuximab by upregulating MAPK pathway-related proteins. These results

suggested that OPN promoted malignant progression and mediated drug resistance via the

MAPK signaling pathway in NSCLC cells.

Conclusion: This study reveals the important role of OPN in NSCLC cells, making it

a potential target for improving chemotherapy efficiency in patients with NSCLC.
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Introduction
Non-small cell lung cancer (NSCLC), the most common type of lung cancer, is

a heterogeneous disease with a complex molecular and genomic profile.1,2

Although most patients are treated with surgery and chemotherapy, their 5-year

survival remains poor,3 mostly due to metastasis and chemotherapy resistance.4

Therefore, improving the effective therapeutic modalities for NSCLC is an area of

active investigation.

Recently, monoclonal antibodies have become new therapeutic agents for the

treatment of malignant disease. Cetuximab (CTX), a chimeric mouse human anti-

body, recognizes the extracellular domain of epidermal growth factor receptor

(EGFR) and inhibits the binding of activating ligands to the receptor, representing

an alternative approach to EGFR targeting.5–7 Clinical trials have been conducted to

elucidate the benefits of adding CTX to chemotherapy for NSCLC, and cumulative

data have been mixed.8 Therefore, identifying novel biomarkers that predict metas-

tasis and drug resistance is important for the treatment of patients with NSCLC.

Osteopontin (OPN), also known as secreted phosphoprotein 1 (SPP1), is

a phosphorylated glycoprotein that regulates cell adhesion, migration, and invasion
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via binding to cell surface receptors including cluster of

differentiation 44 and αvβ3 integrin.9,10 OPN is overex-

pressed and positively correlated with drug resistance in

numerous types of cancer including breast, prostate, and

ovarian cancers.11–13 Studies have shown that high OPN

expression is related to tumor staging, lymph node inva-

sion, and tumor growth, promotes cisplatin/radiation resis-

tance and is associated with a poor survival rate in lung

cancer patients.14–17 Despite numerous studies indicating

that OPN may be involved in multiple pathological pro-

cesses in NSCLC, the correlation between OPN expression

levels and CTX resistance in NSCLC remains unknown.

Some studies suggest that 1–1.5% of all genes are

hypoxia-regulated, and OPN is one of these genes.18 The

downstream effects of tumor hypoxia on hypoxia-

inducible factor 1-alpha activation and angiogenesis may

contribute to resistance to radiation and CTX.19,20

Therefore, the aim of the present study was to assess the

effects of OPN expression levels on NSCLC cell prolif-

eration, invasion, and CTX resistance and to investigate

the potential mechanism by in vitro biological experi-

ments. Our findings indicate that OPN facilitates the onco-

genesis and CTX resistance of NSCLC by modulating the

mitogen-activated protein kinase (MAPK) signaling

pathway.

Materials and Methods
Cell Lines and Cell Culture
The human NSCLC cell line, A549, was purchased from

Guangzhou Cellcook Biotech Co., Ltd. (Guangzhou, China).

Cells were maintained in Roswell Park Memorial Institute

(RPMI)-1640 medium (Gibco, Gaithersburg, MD, USA), sup-

plemented with 10% fetal bovine serum (FBS; Gibco) and 1%

penicillin/streptomycin at 37°C with 5% CO2 in a humidified

incubator.

Lentivirus Transduction
GFP-expressing LV-OPN and sh-OPN lentivirus were con-

structed by Shanghai GeneChem Co., Ltd. (Shanghai,

China). Empty GFP-expression lentivirus was used as the

negative control (NC). A549 cells were pretreated with

LV-OPN or sh-OPN at a multiplicity of infection of 10.

The supernatant was removed after 16 h and replaced with

complete culture medium. Quantitative PCR (qPCR) and

Western blotting were conducted to verify the transduction

efficiency.

Cell Proliferation Assay
Cell Counting Kit-8 (CCK-8; Dojindo, Japan) was used to

determine cell viability. Cells at a density of 5×103 cells/well

in 96-well plates were incubated for 24 h. Then medium

containing CCK-8 solution (10 mL CCK-8 in 100 mL med-

ium)was added to each well at the same time daily for 3 days.

The optical density values were detected at an absorbance of

450 nm. All experiments were performed in triplicate.

Wound Healing Assay
Cells at a density of 5×106 cells/well were seeded in 6-well

plates and cultured overnight to allow the cells to reach

100% confluence. A sterilized pipette tip was used to

scratch a fine line with the same width on the cell layer.

Cells were washed, and 2 mL serum-free medium was

added to each well. Photos were taken at 0 and 18 h after

scratching.

Cell Migration and Invasion Assays
Cells at a density of 5×104 cells/well were placed in the upper

chamber with or without pre-coated Matrigel (8 μm; BD

Biosciences, Franklin Lakes, NJ, USA) of 24-well plates in

serum-free media, whereas medium containing 10% FBS

was added to the lower chamber. After 24 h incubation,

cells that remained in the upper chamber were removed

with cotton wool and those that invaded into the lower sur-

face were fixed in 4% paraformaldehyde and stained with

Giemsa. The number of cells was counted under

a microscope. Each experiment was repeated three times.

Clone Formation Assay
Cells at a density of 5×103 cells/well were seeded in 10 cm

diameter tissue culture dishes. After colonies formed, the

cells were stained with 0.1% Crystal Violet. The colonies

with ≥50 cells were counted using a microscope.

Quantitative PCR
Total RNA was extracted from cells using TRIzol reagent

(Thermo Fisher Scientific, Waltham, MA, USA) in accor-

dance with the manufacturer’s instructions and then reverse

transcribed into cDNA with the Superscript III First-Strand

Synthesis System (Thermo Fisher Scientific). Quantitative

PCR (qPCR) was performed using the SYBR Green Real-

Time PCR Master Mix and StepOnePlus Real-Time PCR

system (Thermo Fisher Scientific). The relative expression of

OPNwas determined by the 2−ΔΔCt method using GAPDH as

an internal control for normalization. The following primers
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were used: GAPDH, 5′-GGAGCGAGATCCCTCCAAAAT

-3ʹ (forward) and 5′-GGCTGTTGTCATACTTCTCATGG-3ʹ

(reverse). OPN, 5ʹ-GATATAGATACTGATAGATCTAGAT

ATG-3ʹ (forward) and 5ʹ-CTCTCTTGTCTAGTCTGTATGT

TC-3ʹ (reverse).

Western Blotting
A total of 30 μg protein was separated via a 10% SDS-PAGE

gel and electrotransferred onto polyvinylidene difluoride

membrane membranes. Then the membranes were blocked

in 5% BSA for 1 h at room temperature and subsequently

incubated overnight at 4°C with the following primary anti-

bodies: OPN (1:1000; Abcam, Cambridge, MA, USA), mito-

gen-activated protein kinase kinase (MEK1/2, 1:1000; Cell

Signaling Technology [CST], Danvers, MA, USA), phos-

phorylated MEK1/2 (p-MEK1/2, 1:1000; CST), extracellular

signal-regulated kinase 1/2 (ERK1/2, 1:1000; CST), phos-

phorylated ERK1/2 (p-ERK1/2, 1:1000; CST), and GAPDH

(1:1000; Proteintech, Rosemont, IL, USA). After three washes

with Tris-Buffered Saline with Tween 20, the membrane was

incubated with horseradish peroxidase-conjugated secondary

antibody at room temperature for 1 h. Protein bands were

detected on a Bio-Rad Image Lab System.

In Vitro Drug Treatments
For gene expression studies involving drug treatment, A549

cells were pretreated with LV-OPN lentivirus for 16 h and then

treated with 10 µM U0126 ((MEK inhibitor) and 10 µM

SCH772984 (ERK1/2 inhibitor) for 12 h. In clone formation

experiments, CTX (Erbitux, Merck, Darmstadt, Germany)

were administered at different concentrations (0, 1, 5, 10, 20

μg/mL), every 2 days. In CCK-8 experiments, CTX was

administered at a concentration of 10 μg/mL for 24 h.

Analysis of Clinical Data
We analyzed the mRNA level of OPN in The Cancer

Genome Atlas (TCGA) Lung Adenocarcinoma cohort,

which was downloaded from TCGA. A heatmap was used

to illustrate gene expression in clinical samples using the

Oncomine online database (http://www.oncomine.com).

Statistical Analysis
Statistical analyses were performed using SPSS version

23.0 (SPSS Inc., Chicago, IL, USA) and derived from at

least three independent replicates. Data were calculated by

one-way analysis of variance and presented as the mean ±

standard error of the mean. P values less than 0.05 were

considered statistically significant.

Results
Elevated Expression of OPN in Human

NSCLC
To explore the expression level of OPN in human

NSCLC, we compared the mRNA expression of OPN

between paired normal and tumor tissues in TCGA

database. As bioinformatics analysis revealed, OPN

was significantly upregulated in the tumor tissues

(Figure 1A). Furthermore, we verified this result through

the Oncomine database.21–25 As expected, the elevated

expression of OPN was observed in NSCLC relative to

normal lung tissues (Figure 1B).
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Figure 1 Elevated expression of theOPNgene in humanNSCLC tissues. (A) Relative expression ofOPNmRNA in 125 humanNSCLC tissues and 37 normal tissues based on TCGA

data. (B) Heatmap of OPN (also known as SPP1) gene expression in clinical NSCLC samples and normal tissues based on Oncomine data. ****P<0.0001. (1. Lung Adenocarcinoma vs

Normal Bhattacharjee Lung, Proc Natl Acad Sci USA, 2001;21 2. Lung Adenocarcinoma vs Normal Hou Lung, PLoS One, 2010;22 3. Lung Adenocarcinoma vs Normal Landi Lung, PLoS

One, 2008;23 4. Lung Adenocarcinoma vs Normal Selamat Lung, Genome Res, 2012;24 5. Lung Adenocarcinoma vs Normal Su Lung, BMC Genomics, 2007.25)
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Overexpression of OPN Induces Cell

Proliferation, Migration, and Invasion in

NSCLC in Vitro
To evaluate the effects of OPN levels onmalignant biological

properties in NSCLC cells, the lentiviral vector was used to

overexpress or silence the OPN gene in A549 cells.

Following transfection, qPCR and Western blotting were

performed to examine OPN expression. The results showed

that OPN was upregulated in overexpressed cells and down-

regulated in silenced cells (Figure 2A–C). Then CCK-8,

wound healing, and transwell assays were performed in the

stably transfected A549 cell lines to detect cell proliferation,

migration, and invasion, respectively. CCK-8 assays indi-

cated that the overexpression of OPN significantly promoted

the proliferation of A549 cells (Figure 2D). Wound healing

assays showed that migration ability of the LV-OPN group

was significantly higher than that of other groups (Figure 2E

and F). Transwell assays revealed that migration and inva-

sion were markedly enhanced in cell lines transfected with

LV-OPN compared with LV-NC, whereas the opposite

results were found in the silenced group (Figure 2G and H).

These results indicated that OPN had positive effects on the

malignant biological properties of NSCLC cells.

OPN Promotes a Malignant Phenotype

via the MAPK Pathway
It is well known that the MAPK pathway participates in

regulating the invasion and metastasis of NSCLC;26

thus, we explored the potential effects of OPN on the

MAPK pathway. Western blotting showed that OPN

Figure 2 Overexpression of OPN induces proliferation, migration, and invasion in NSCLC cells. (A–C) Transfection efficiency of OPN in A549 cells was detected by qPCR

and Western blotting. (D) CCK-8 assay was used to detect the proliferation of A549 cells with different transfection conditions. (E, F) The wound healing distance was

measured 18 h after the scratch-wound was made for the invasion distance. Scale bars, 500 μm. (G, H) Migration and invasion were detected through transwell assays. Scale

bars, 200 μm. *P<0.05, **P<0.01, ***P<0.001.
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overexpression increased p-MEK and p-ERK in A549

cells, and silencing of OPN had the opposite results

(Figure 3A and B). Upon treatment with U0126

(MEK1/2 inhibitor) and SCH772984 (ERK1/2 inhibitor),

p-MEK and p-ERK levels were decreased, respectively,

compared to the LV-OPN group (Figure 3C and D), and

wound healing distances were shorter (Figure 3E and F).

The migration and invasion of cells overexpressing OPN

were inhibited by U0126 and SCH772984 (Figure 3G

and H). These results suggested that malignant beha-

viors might be induced by OPN in NSCLC cells by

activating the MAPK/ERK pathway.

Figure 3 OPN promotes a malignant phenotype via the MAPK pathway. (A, B) Western blot analysis of p-MEK and p-ERK proteins in different transfected cells. (C, D)

Western blot analysis of p-MEK and p-ERK proteins in different groups. (E, F) The wound healing distance was measured in different groups. Scale bars, 500 μm. (G, H)

Transwell assay revealed the role of MAPK in the migration and invasion of OPN-transduced cells. Scale bars, 200 μm. *P<0.05, **P<0.01, ***P<0.001.
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OPN Confers Resistance to CTX via the

MAPK Pathway
To identify the underlying mechanisms of the effects of

OPN on drug resistance, we tested the effects of OPN on

the efficacy of CTX in vitro. Treatment of stably trans-

fected cell lines with CTX showed that CTX inhibited cell

growth in the control and sh-OPN groups, whereas the LV-

OPN group remained refractory to CTX up to 10 μg/mL.

As expected, after 24 h of treatment with CTX, the colony

number and cell viability did not significantly change in

the LV-OPN group (Figure 4A and B). Thus, overexpres-

sion of OPN was sufficient to limit the efficacy of cetux-

imab, as the concentration and time changed. After 24 h of

treatment with CTX, Western blotting showed that p-MEK

and p-ERK levels were significantly decreased in the LV-

NC group. Because stimulation with OPN was shown to
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Figure 4 OPN confers resistance to CTX via the MAPK pathway. (A, B) Colony numbers of different transfected cells were determined at different CTX doses and

treatment times. (C, D) Western blot analysis of p-MEK and p-ERK proteins in the overexpression group treated with CTX (10 μg/mL) for 24 h. **P<0.01, ***P<0.001,
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activate the MAPK pathway, p-MEK and p-ERK levels

did not significantly change in the LV-OPN group despite

treatment with CTX (Figure 4C and D). Taken together,

these data show that OPN can confer resistance to CTX by

activating the MAPK pathway.

Discussion
Lung cancer is the most common malignant tumor world-

wide, and NSCLC accounts for more than 80% of patholo-

gical types.27,28 Despite advances in surgery, chemotherapy,

radiation therapy, and targeted therapy, the overall survival

rate of NSCLC has not significantly improved.29 Several

clinical trials have added CTX to chemotherapy in patients

with NSCLC, but the results have been mixed.30–32 Drug

resistance is an important factor leading to chemotherapy

failure.33 Therefore, it is important to investigate the cellu-

lar mechanisms of drug resistance and to identify potential

treatment strategies that significantly improve the efficacy

of chemotherapy.

OPN is overexpressed in numerous types of cancer.34

In this study, we found that OPN was also overexpressed

in NSCLC by analyzing TCGA database, and further

verified this result with the Oncomine database. Several

lines of evidence have shown that aberrant OPN expres-

sion is associated with the proliferation and metastasis of

various tumors.35,36 These studies consistently suggest

that OPN overexpression may be a biomarker for poor

prognosis in cancer patients. A previous study found that

aberrant OPN expression only affected the invasion of

A549 cells in vitro but had no effect on cell migration.37

In contrast, our study showed that OPN overexpression

induced the proliferation, migration, and invasion of

NSCLC cells in vitro. In addition, one study indicated

that OPN enhances drug resistance to cisplatin in human

SCLC cells.38 However, the involvement of OPN in

CTX resistance in NSCLC cells has rarely been reported.

In our study, we presented evidence that OPN overex-

pression was sufficient to limit the efficacy of CTX over

time and concentration. We demonstrated that OPN

levels were correlated with the malignant biological

properties of NSCLC and the efficacy of CTX in

NSCLC cells.

The MAPK signaling pathway participates in the reg-

ulation of proliferation, migration and apoptosis in many

cancer types, including lung cancer.39,40 Some studies

have indicated that OPN increases cell migration via the

MAPK signaling pathway in human prostate cancer and

human chondrosarcoma cells.41,42 In this study, we inves-

tigated the role of MAPK signaling pathways in the migra-

tion and invasion of NSCLC cells and found that the levels

of p-MEK and p-ERK were significantly increased after

OPN overexpression, which were dramatically changeover

by MAPK pathway inhibitors simultaneously. Similarly,

the levels of p-MEK and p-ERK in the control group

were significantly reduced after CTX treatment, while no

significant changes were observed in the OPN overexpres-

sion group. Hence, we deduced that OPN may be crucial

in NSCLC development and drug resistance via activating

the MAPK signaling pathway. These data are not consis-

tent with a previous study, which demonstrated that the

DNA damaging reagents bleomycin and doxorubicin

induced OPN expression through the ERK pathway in

A549 cells.43 It seems that MAPK signaling pathway

exerts different effects on NSCLC with different drugs.

This discrepancy needs to be further explored.

This study had a couple of limitations. We did not use

a large number of complete clinical samples to verify the

prognostic value of OPN. In addition, regarding the

mechanism, we only studied the changes of markers in

the MAPK pathway, and the direct mechanism underlying

OPN regulation of MAPK was not clarified. In vitro

experiments are needed to verify our conclusions.

In summary, our study showed that OPN promotes

malignant progression and confers drug resistance via the

MAPK signaling pathway in NSCLC cells. Thus, OPN

may be a promising therapeutic target for the treatment

of NSCLC. Specific silencing of OPN may be a future

direction for developing a novel therapeutic strategy for

NSCLC patients.
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