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Introduction

Lung cancer is one of the most serious malignant tumors 
with a high mortality rate worldwide (1). Despite the 
breakthroughs in molecular targeted cancer therapy in 
recent years, chemotherapy drugs remain one of the main 
treatment methods (2). Drug resistance is frequently 
developed in advanced lung cancer patients treated with 

chemotherapy, which greatly affects the effectiveness 
of chemotherapy as well as patients’ prognosis (3). The 
mechanism of cisplatin resistance in lung cancer involves a 
variety of complex signaling pathways, such as PI3K/AKT 
signaling pathway and excision repair cross complementary 
gene 1 (ERCC1) of nucleotide excision repair (NER) 
pathway (4). The PI3K (phosphoinositide 3-kinases)/
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AKT (protein kinase B) pathway activates its downstream 
regulator nuclear factor kappa B (NF-kB), thereby 
promoting the invasion, growth and metastasis of tumor 
cells (5). The over-activation of PI3K/AKT pathway may lead 
to tumor cell resistance to chemotherapeutic drug-induced 
apoptosis, and ultimately drug resistance (6). Platinum-
based drugs exert their anti-tumor effects by impairing 
DNA synthesis and transcription, forming cisplatin-DNA 
adducts, and eventually inducing cell apoptosis (7). NER 
pathway is one of the major DNA repair pathways (8). The 
excision repair cross complementing-group 1 (ERCC1) 
gene plays an important role in NER-pathway due to its 
damage recognition and excision ability (9). Cisplatin-DNA 
adducts can by removed by NER, and thus overexpression 
of ERCC1 has been associated with cisplatin resistance in 
lung cancer (10).

Osteopontin (OPN) is a secretory phosphorylated 
glycoprotein that plays an important role in multiple 
biological processes, including bone resorption and 
mineralization, cell adhesion, migration, immune regulation, 
signal transduction, and inhibition of apoptosis (11). 
Through its interaction with integrin αvβ 3 and CD44 
receptors, OPN activates multiple signaling pathways, 
alters cell adhesion, rearranges extracellular matrix, inhibits 
apoptosis, reconstructs cytoskeleton, and thus promotes 
invasion and metastasis of tumor cells (12). OPN has been 
detected in many tumors, including breast cancer (13), gastric 
cancer (14), liver cancer (15), head and neck tumor (16) 
and brain tumor (17), and may be a potential marker for 
evaluating tumor aggressiveness (18). OPN overexpression 
in colorectal cancer (19), ovarian cancer (20) and colorectal 
cancer (21) is closely related to tumor progression, tumor 
recurrence and patient survival. Moreover, the increase of 
OPN in the blood of cancer patients has been suggested 
as an independent indicator for metastasis and patient 
survival (12). Studies have shown that OPN overexpression 
can make cells more tumorigenic, invasive and metastatic, 
whereas down-regulation of OPN expression can inhibit 
such effects (22). Further studies have shown that OPN 
suppression can make these malignant and highly metastatic 
tumor cells become non-metastatic (23). 

In this study, we constructed OPN overexpression 
and interference vectors, and evaluated the effects and 
regulatory mechanism of OPN in human non-small cell 
lung cancer (NSCLC) A549 cells. We further investigated 
if the regulatory role of OPN in tumor cell resistance to 
cisplatin involved the PI3K/AKT pathway and ERCC1 
gene. The current study may provide novel therapeutic 

targets for the treatment of lung cancer, especially in cases 
of drug resistance to cisplatin-based chemotherapy.

Methods

Cell culture

Human A549 lung cancer cell line was purchased from 
Shanghai Branch of the Chinese Academy of Sciences. Cells 
were maintained in F12k medium (Gibco, Grand Island, 
NY, USA) containing 10% fetal bovine serum (Gibco), 100 
U/mL penicillin and 100 μg/mL streptomycin (Keygene 
Biotech., Nanjing, China) at 37 ℃, 5% CO2 in a cell 
incubator.

Construction of OPN expressing/silencing lentivirus

To construct OPN expressing lentiviral vector, the OPN 
cDNA sequences (NCBI number: NM_000582) was 
amplified by PCR and cloned into the plvx-puro vector 
with flanking XhoI and BamHI restriction sites following 
the Lentivector User Manual (Addgene, Cambridge, 
Mass., USA). To construct OPN silencing lentiviral vector, 
oligonucleotides coding for shOPN-forward: 5'-GATC
CCTTTACAACAAATACCCAGATCTCGAGATCTG
GGTATTTGTTGTAAAGTTTTTG-3', and shOPN-
reverse: 5'-AATTCAAAAACTTTACAACAAATACC
CAGATCTCGAGATCTGGGTATTTGTTGTAAA
GG-3' were synthesized by Invitrogen Biotech. (Shanghai, 
China) and cloned into the vector pGreenPuro (Addgene). 
The constructed vectors were named OPN-plvxpuro and 
shOPN-pGreenpuro, respectively. Both constructs were 
confirmed by XhoI/BamHI digestion and sequencing. The 
plvx-puro vector was used as blank expression control. The 
lentiviral vector containing the non-silencing sequence 
(shNC-pGreenpuro) were used as blank interference 
control. 

Cell transfection

A549 cells were cultured in 6-well plates and divided into 
normal control, blank interference control (shRNA-NC), 
interference (shRNA-OPN), blank expression control 
(NC), overexpression (OPN), control+cis-platinum (DDP), 
shRNA-NC+DDP, shRNA-OPN+DDP, OPN+DDP, 
and NC+DDP groups. Cells in shRNA-NC/shRNA-
NC+DDP, shRNA-OPN/shRNA-OPN+DDP, NC/
NC+DDP, and OPN/OPN+DDP were transfected with 20 
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nM of shNC-pGreenpuro, shOPN-pGreenpuro, plvxpuro, 
and OPN-plvxpuro, respectively using Lipofectamine 
3000 transfection agent (Invitrogen) according to the 
manufacture’s instructions. After transfection, all DDP 
groups were cultured in medium supplemented with 5 μM 
DDP, and other groups were cultured in normal medium. 
Cells were incubated for 48 h and subjected to further 
experiments.

MTT assay

Cell proliferation was analyzed by MTT assay. Briefly, cells 
in different groups were collected and incubated with 20 
μL of 5 mg/mL MTT (Sigma). After 4 h, cells were treated 
with 150 μL of dimethyl sulfoxide for 20 min. The optical 
density (OD) was detected with a microplate reader under 
the wavelength of 490 nm. The experiment was performed 
in triplicate.

Cell apoptosis assay

Cell apoptosis was detected by cell apoptosis assay kit 
(Multi Sceiences) using flow cytometry. Briefly, cells 
were resuspended in 1 × binding buffer, and stained with  
5 μL of FITC Annexin V and 10 μL of PI in the dark for 
10 min. The fluorescence of cells was then analyzed by 
a NovoCyteTM 2060R flow cytometer (Acea Biotech, 
Hangzhou, China) at the wavelength of 488 nm within 1 h.

Quantitative reverse transcription PCR (qRT-PCR) 

mRNA expression was detected by qRT-PCR. Cells in 
different groups were collected at 48 h after transfection. 
Total RNA was extracted using the Trizol reagent (Kangwei 
Biotech., Beijing, China), and reverse transcribed into 
cDNA using HiFiScript cDNA kit (Kangwei Biotech.). 
Real-time PCR was performed using UltraSYBR mixture 
(Kangwei Biotech.) in a CFX Connect RT-PCR System 
(Bio-Rad, Shanghai, China). The following reactions 
conditions were used: 95 ℃, 10 min, followed by 40 cycles 
of 95 ℃, 10 s, 57–54 ℃, 30 s, and 72 ℃, 30 s. The following 
primers were synthesized by Invitrogen and used in the 
PCR: ERCC1-F: 5'-CCGCCAGCAAGGAAGAA-3', 
E R C C 1 - R :  5 ' - T G C C G A G G G C T C A C A AT- 3 ' ; 
p-ERK1/2-F (extracellular signal-regulated kinases): 
5'-TCCCAAATGCTGACTCCAA-3', p-ERK1/2-R: 
5'-ACTCGGGTCGTAATACTGCTC-3',  PI3K-F: 
5 ' - C A AT C C C A G G T G G A AT G A A - 3 ' ,  P I 3 K - R : 

5'-CAATCCCAGGTGGAATGAA-3',  GAPDH-F: 
5'-GAAGGTCGGAGTCAACGGAT-3', and GAPDH-R: 
5'-CCTGGAAGATGGTGATGGG-3'. Data was analyzed 
using 2-ΔΔCt method. The relative expression was 
calculated using GAPDH as the internal control.

Western blot

Protein expression was determined by Western blot. 
Briefly, cells were collected at 48 h after transfection. 
Total protein was extracted using lysis buffer (Kangwei 
Biotech.) and quantified using BCA protein assay kit 
(Kangwei Biotech.). Equal aliquots (60 mg) of protein 
were separated by electrophoresis (10% SDS-PAGE) 
and transferred to polyvinylidene difluoride membranes. 
The membranes were then blocked with 5% skim milk 
for 30 min and incubated respectively with rabbit anti-p-
ERK1/ERK2 polyclonal (phospho T202 + Y204, Abcam, 
1:1,000), anti-PI3K monoclonal (Abcam, 1:1,000), anti-
ERCC1 monoclonal (Abcam, 1:1,000) and mouse anti-
GAPDH monoclonal (Zhongshan Gold Bridge Biotech., 
1:3,000) overnight at 4 ℃. The membrane was washed with 
PBS and incubated with HRP-conjugated goat anti-rabbit 
(Zhongshan Gold Bridge Biotech., 1:2,000) or anti-mouse 
(Zhongshan Gold Bridge Biotech., 1:2,000) IgG for 30 min 
at room temperature. The immunoreactivity was detected 
using an ECL Western blotting detection solution (Thermo 
Scientific, Shanghai, China). The relative expression of 
proteins was quantified using Quantity One software with 
GAPDH as the internal control.

Statistical analysis

All experiments were performed in triplicate. Data were 
expressed as mean ± standard deviation (SD) and analyzed 
by SPSS 19.0 software (IBM SPSS, Chicago, IL, USA). 
Differences among groups were compared using one-
way ANOVA followed by post-hoc Tukey HSD test. Ratios 
were compared by Chi-square tests. P<0.05 was considered 
statistically significant.

Results

Verification of OPN overexpression and silencing

The constructed OPN-plvxpuro and shOPN-pGreenpuro 
were verified by enzymatic digestion and sequencing. 
Further, the expression of OPN mRNA in cells transfected 
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with OPN-plvxpuro and shOPN-pGreenpuro was 
determined. Results showed that the expression of OPN 
mRNA was significantly decreased in shRNA-OPN group 
(P=0.038, Figure 1), but increased in OPN group (P=0.016) 
when compared with control group, suggesting that 
the transfection of constructs had successfully triggered 
overexpression and silencing of OPN gene. shRNA-NC and 

NC groups had similar OPN mRNA level to that in control 
group (P>0.05).

A549 cell viability was stimulated by OPN overexpression 
but reduced by OPN silencing

As shown in Figure 2, MTT assay demonstrated that cell 
viability in OPN group was significantly higher compared 
with control group (P=0.019). Cell viability in shRNA-OPN 
group was much lower than that in control group (P=0.041), 
suggesting that A549 cell viability was stimulated by OPN 
overexpression but reduced by OPN silencing. Cell viability 
in shRNA-NC and NC groups was close to that in control 
group. All DDP groups except OPN+DDP group showed 
significantly reduced cell viability (all P<0.05), indicating 
that OPN overexpression had reduced the inhibitory effects 
of DDP on cancer cells.

A549 cell apoptosis was decreased by OPN overexpression 
but increased by OPN silencing

Flow cytometry results showed that cell apoptosis rate 
was significantly lower in OPN group (P=0.020), but was 
markedly higher in shRNA-OPN compared with control 
group (P=0.029) than that in control group. OPN+DDP 
group had similar apoptosis rate to that in control group 
(P>0.05), whereas the other DDP groups exhibited 
significantly higher apoptosis rate (all P<0.05, Figure 3), 

Figure 1 OPN mRNA expression was promoted by OPN expressing vector and inhibited by OPN silencing vector. A549 cells in shRNA-
NC, shRNA-OPN, NC and OPN groups were transfected with 20 nM of shNC-pGreenpuro, shOPN-pGreenpuro, plvxpuro, and OPN-
plvxpuro, respectively. mRNA expression was detected by qRT-PCR at 48 h after transfection. Cells without any transfection was used as 
normal control group. *, P<0.05 compared with control group. OPN, osteopontin; NC, negative control.

Figure 2 A549 cell viability was stimulated by OPN overexpression 
but reduced by OPN silencing. Cells in different groups were 
transfected with the appropriate vectors. After transfection, all 
DDP groups were cultured in medium supplemented with 5 μM 
DDP, and other groups were cultured in normal medium. After 
48 h, cell proliferation was analyzed by MTT assay. *, P<0.05 
compared with control group; #, P<0.05 compared with shRNA-
OPN+DDP group. OPN, osteopontin; DDP, cisplatin.
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suggesting that OPN overexpression had reversed the 
effects of DDP on cancer cells.

PI3K, p-ERK1/2 and ERCC1 expression was upregulated by 
OPN overexpression but down-regulated by OPN silencing

PI3K, p-ERK1/2 and ERCC1 protein and mRNA 
expression was analyzed by Western blot and qRT-PCR, 
respectively. As shown in Figure 4A, when compared with 
control group, the expression of PI3K, p-ERK1/2 and 
ERCC1 was obviously higher in OPN group (all P<0.05), 
but was much lower in shRNA-OPN group (all P<0.05). 

Among the 5 DDP groups, OPN+DDP had close PI3K, 
p-ERK1/2 and ERCC1 level to that in control group 
(P>0.05), whereas the other DDP groups had significantly 
lower protein expression (all P<0.05). Consistently, PI3K, 
p-ERK1/2 and ERCC1 mRNA expression showed similar 
trends among different groups (Figure 4B). These results 
showed that OPN had stimulated the PI3K signaling 
pathway and ERCC1 gene expression. 

Discussion

Currently, cisplatin-based combination chemotherapy is 

Figure 3 A549 cell apoptosis was decreased by OPN overexpression but increased by OPN silencing. Cells in different groups were 
transfected with the appropriate vectors. After transfection, all DDP groups were cultured in medium supplemented with 5 μM DDP, and 
other groups were cultured in normal medium. After 48 h, cell apoptosis was detected by flow cytometry. *, P<0.05 compared with control 
group; #, P<0.05 compared with shRNA-OPN+DDP group. OPN, osteopontin; DDP, cisplatin.
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Figure 4 PI3K, p-ERK1/2 and ERCC1 expression was upregulated by OPN overexpression but down-regulated by OPN silencing. Cells in 
different groups were transfected with the appropriate vectors. After transfection, all DDP groups were cultured in medium supplemented 
with 5 μM DDP, and other groups were cultured in normal medium. After 48 h, protein (A) and mRNA expression (B) was detected by 
Western blot and qRT-PCR, respectively. *, P<0.05 compared with control group; #, P<0.05 compared with shRNA-OPN+DDP group. 
OPN, osteopontin; DDP, cisplatin.
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the standard chemotherapy regimen. The clinical efficacy 
of cisplatin-based chemotherapy is between 15% and 
40%, suggesting that many patients showed no responses 
to cisplatin or had developed resistance to the drug (24). 
Drug resistance of tumor cells has become one of the most 
prominent problems in chemotherapy of lung cancer. 
Cisplatin can cause DNA damage by forming adducts 
with DNA and thus initiate the process of DNA repair. 
Therefore, an increase in the rate of DNA adduct repair is 
an important mechanism of cisplatin resistance (25). 

ERCC1 gene can be transcribed into a total of four 
different mRNAs with different molecular weights, but 
only the 1.1 kb mRNA can express a 39 x 104 protein with 

tolerance to platinum drugs (26). ERCC1 over-expression 
due to ERCC1 gene mutation has been suggested to be 
associated with tolerance to platinum-based chemotherapy 
in gastric cancer patients (27). Furthermore, ERCC1 
mRNA expression is highly correlated with DNA repair 
ability of cells, and low expression of ERCC1 mRNA can 
increase the sensitivity of platinum-based chemotherapeutic 
drugs (28). Our results showed that the expression of 
ERCC1 protein was significantly down-regulated by the 
addition of cisplatin, indicating that cisplatin had decreased 
DNA repair ability and induced apoptosis of cancer cells. 
The activation of PI3K can induce anti-apoptosis effects 
and promote cell growth, which may eventually lead to 
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drug resistance (29). Up-regulation of OPN expression 
can promote the growth of tumor cells via activating PI3K 
signaling pathway (30). Similarly, our results showed 
that overexpression of OPN had significantly increased 
PI3K expression and reduced cell apoptosis, whereas 
cisplatin treatment group and control group had similar 
PI3K expression and apoptosis rate. These results suggest 
that OPN may induce cisplatin resistance in NSCLC by 
activating PI3K signaling pathway. ERK1/2 are members 
of the mitogen-activated protein kinase family that can 
regulate the proliferation and apoptosis of cells. The 
phosphorylation of ERK1/2 activates their kinase activity 
and leads to phosphorylation of many downstream regulator 
involved in the process of cell proliferation (31). Studies 
have detected ERK1/2 overexpression plays a crucial role 
in regulating the biological behavior of tumor cells in lung 
cancer (32), breast cancer (33), prostate cancer (34) and 
several other malignancies. In this study, the expression 
of p-ERK1/2 was stimulated by OPN overexpression, but 
was reduced by shRNA-OPN. Moreover, the DDP had 
significantly inhibited the p-ERK1/2 expression, whereas 
OPN had greatly reversed such effects. Consistent with 
previous studies, our results suggested the OPN-induced 
cisplatin resistance in A549 cells may be mediated by the 
activity of ERK1/2.

In summary, this study has found that OPN stimulates 
the proliferation and reduces the apoptosis of human 
A549 lung cancer cells via activating the PI3K pathway 
and upregulating the ERCC1 expression. Moreover, OPN 
might also be involved in the drug resistance to DDP 
through regulating PI3K pathway and ERCC1 expression 
in A549 cells. Further experiments are needed to verify our 
findings in vivo.
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