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Background: We aimed to explore a novel therapeutic strategy to conquer acquired resistance to second
generation EGFR-TKI afatinib in EGFR-mutant NSCLC.

Methods: Firstly, we established afatinib-resistant cell lines using increasing concentrations of afatinib.
Secondly, we over-expressed or silenced the expression of osteopontin (OPN) using in-vitro transfection.
Further, western blot analysis was used to detect the expressions of OPN and epithelial-mesenchymal
transition (EMT) biomarkers. Finally, cell proliferation was evaluated by MTT assay.

Results: Afatinib (<5.0 pmol/L)-resistant H1650 (H1650-AR) and H1975 (H1975-AR) cells were
successfully established, and grew faster compared with both parental cells at the same time interval. Western
blot analysis revealed that afatinib significantly promoted the expressions of OPN and EMT biomarkers
in H1975-AR and H1650-AR cells. Gain and loss assays validated that OPN over-expression promoted
acquired resistance to afatinib, and induced the expressions of EMT biomarkers in H1650-AR and H1975-
AR cells. Conversely, silencing of OPN not only significantly sensitized resistant cells to afatinib, but also
suppressed EMT progression in H1650-AR and H1975-AR cells.

Conclusions: These results demonstrated that OPN was required for acquired resistance of EGFR-
mutant NSCLC cells to afatinib.
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Introduction gradually, and relapse after several months (4,5). Recently,
it has been reported that secondary (T790M) and tertiary
kinase domain mutations (C797S) prevent TKI to inhibit

the kinase activity (6,7). Based on these mutations, a third

Lung cancer is the most common cause of cancer-related
deaths worldwide, and NSCLC accounts for nearly 80%
of lung cancer cases. The patients suffering from advanced

NSCLC often had a poor 5-year overall survival rate (1).
Afatinib is a second-generation of EGFR-TKIs, and has a
significant clinical benefit for NSCLC patients with EGFR-
activating mutations (2,3). Despite the initial response,
patients almost invariably become resistant to afatinib
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generation of EGFR TKIs were designed and synthesized,
and effectively block EGFR kinase activity. In spite of
the significant initial clinical efficacy, resistance to EGR-
TKIs also inevitably occurs and leads to failed treatment

finally. Therefore, it is essential to explore more molecular
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mechanisms to overcome acquired resistance to afatinib and
improve therapeutic efficacy in EGFR-mutant patients.

Osteopontin (OPN), an arginine-glycine-aspartate-
containing adhesive glycoprotein, expressed highly in
various types of cancers, such as squamous cell cancer of
the esophagus (8,9). OPN was also involved into resistance
to anti-cancer therapy in different cancers, including breast
cancer (10), colon cancer (11), hepatocellular carcinoma (12),
and oral cancer (13). However, the involvement of OPN in
acquired resistance to afatinib is still not clear till now.

In this work, we investigated the biological role of OPN
in acquired resistance of EGFR-mutant NSCLC cells to
afatinib. We over-expressed or silenced the expression of
OPN protein through transfection. Further, western blot
analysis was used to detect the expressions of OPN and
epithelial-mesenchymal transition (EMT) biomarkers.
Finally, cell proliferation assays were performed to evaluate
the effect of OPN on afatinib-resistant cells. Our results
indicated that OPN is a novel target for EGFR-mutant
NSCLC patients with acquired resistance to afatinib.

Methods
Cell culture

EGFR-mutant NSCLC cell lines H1975 and H1650
were cultured in RPMI-1640 (CORNING) medium
containing 10% fetal bovine serum (Capricon), 100 IU/
mL of penicillin and 100 g/mL of streptomycin (Beyotime
Institute of Biotechnology) in 5% CO, at 37 °C.

Transfection

OPN-specific siRNAs (si-OPN) and negative control
siRINA (si-control) were purchased from GenePharma
(GenePharma Co., Ltd., Shanghai, China). Cells were
transfected with 50 nM siRNAs using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manuscript introduction. Subsequent experiments were
performed 48 h post-transfection. The OPN-expressing
lentivirus vector pPLOC-OPN and its negative control
pLOC-NC were generously provided by Shanghai Jiaotong
University (Shanghai China). Cells infected with lentiviruses
harboring OPN or negative control were selected by
10 pg/mL blasticidin (Selleck), and finally determined by
Western blotting.
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Cell viability assay

Briefly, the medium was removed and a fresh medium
containing 0.5 mg/mL MTT was added to each well.
The cells were incubated at 37 °C for 4 h. And then, the
supernatants were removed, 50 pL. dimethylsulfoxide
(DMSO) was added to each well, and samples were
incubated for 30 min at 37 °C with gentle shaking. Finally,
the absorbance was determined using a microplate reader
at 490 nm. Cell viability was calculated as the ratio of the
absorbance determined in the samples to that of the control

group.

Cell-proliferation inhibition assays

Briefly, cells were resuspended in medium containing 0.5%
FBS in a Prime Surface 96U 96-well plate (Sumitomo
Bakelite Co. Ltd., Tokyo, Japan) at 5x10° cells/well. After
overnight incubation, agents were added to the medium at
2.5-100 pM for afatinib. Cell viability was quantified based
on luminescence after the addition of the CellTiter-Glo
reagent. All experimental points were set up in 6 wells.

Western blotting

Cells were seeded at a density of 1x10° cells/plate in Prime
Surface 60-mm plates (Sumitomo Bakelite Co. Ltd., Tokyo,
Japan) and allowed to grow overnight in medium containing
0.5% FBS before the addition of the drug to the medium.
Cells were incubated for various times with various
concentrations of drugs, then washed with phosphate-
buffered saline (PBS) and lysed in buffer containing
25 mM Tris (pH 8.3), 192 mM glycine, 0.1% sodium
dodecyl sulfate, and 1 mM phenylmethylsulfonyl fluoride.
Cell lysates were centrifuged at 15,000 xg for 10 min at
4 °C, and the supernatant was collected for subsequent
procedures. Western blotting was performed following a
standard protocol; samples were resolved by sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred
to nitrocellulose membranes, which were probed with
antibodies against OPN, E-cadherin, N-cadherin, Vimentin,
and GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Antibodies were used at dilutions recommended by
manufacturers, and signals were detected using an enhanced
chemiluminescence system (GE Healthcare, Pittsburgh,

PA, USA).
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Figure 1 Establishment and identification of afatinib-resistant H1975 and H1650 cell lines. (A) H1975 and H1650 cells were administrated

with increasing concentration of afatinib (0.2 to 10 pmol/L) in complete medium. Following exposure to increasing concentration of afatinib

for at least 6 months, live cells that developed acquired resistance to less than 5.0 pmol/L of afatinib were collected. H1650, H1650-AR,
H1975 and H1975-AR cells were treated with 5.0 pmol/L of afatinib for indicated times, and then the optical density (OD) value of cell
proliferation was determined by MTT assay. (B) H1650, H1650-AR, H1975 and H1975-AR cells were administrated with afatinib (2.5,
5.0, 10, 20, 50, 100 pmol/L) for 48 h, and then cell proliferation inhibition assay was carried out. Data was represented as mean = SD. Each

experiment was assayed in triplicate independently. *P<0.01, vs. control.

Statistical analysis

Graph Pad Prism 5 (Inc; La Jolla, CA, USA) was used for
statistical analysis. Values were presented as the mean =
standard deviation (SD). One-way Analysis of Variance
(ANOVA) test was performed to analyze the significance of
between-group differences. The least significant difference
(LSD) method of multiple comparisons was applied when
the probability for ANOVA was statistically significant.

Statistical significance was determined at a P<0.05 level.

Results

Establishment and identification of afatinib-vesistant
H1650 and H1975 cell lines

To investigate the mechanisms underlying acquired
resistance to afatinib in EGFR-mutant NSCLC, we selected
H1650 (EGFR mutation: E746-A750del) and H1975
(EGFR mutation: T790M, L858R) cell lines from a series
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of EGFR-mutant NSCLC cell lines to establish afatinib-
resistant H1650 and H1975 cells. Firstly, H1650 and
H1975 cells were exposed to increasing concentrations of
afatinib (0.2 to 10 pmol/L) in complete medium. Following
exposure to increasing concentration of afatinib for at least
6 months, we collected live H1650 and H1975 cells that
developed acquired resistance to afatinib (<5.0 pmol/L).
Then, we measured cell proliferation using MT'T assay.
We found that H1650-AR and H1975-AR cells grew faster
compared with both parental cells at the same time interval
(P<0.01, Figure 1A4).

Subsequently, H1650, H1650-AR, H1975 and H1975-
AR cells were administrated with increasing concentrations
of afatinib (2.5, 5.0, 10, 20, 50, 100 pmol/L) for 48 h. Then
cell proliferation inhibition assay was carried out, and
the IC50 value of afatinib was determined by Graph Pad
Prism 5. As shown in Figure 1B, H1650 and H1975 cells
were sensitive to afatinib with low IC50 values of 3.86 and
3.93 pmol/L, respectively. By contrast, H1650-AR and
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Figure 2 Afatinib induces the expressions of OPN and EMT biomarkers in H1975-AR and H1650-AR cells. H1650, H1650-AR, H1975
and H1975-AR cells were lysed for western blot analysis after treated with 5.0 pmol/L of afatinib for 48 hours. Then the expression levels of

OPN, E-cadherin, N-cadherin, and Vimentin proteins were measured through western blot. These blots were cropped with Photoshop CS6.

The bands of proteins were measured by densitometry with Quantity One quantitation analysis software package. Data was represented as

mean = SD. *P<0.01, vs. control. OPN, osteopontin; EMT, epithelial-mesenchymal transition.

H1975-AR cells were resistant to afatinib with significantly
high IC50 values of 9.49 and 10.34 pmol/L, respectively
(P<0.01). These results validated that we successfully
established afatinib-resistant H1650 and H1975 cells.

Afatinib induces the expressions of OPN and EMT
biomarkers in H1975-AR and H1650-AR cells.

To discover the mechanisms of acquired resistance
to afatinib, H1650, H1650-AR, H1975 and H1975-
AR cells were exposed to 5.0 pmol/L of afatinib for
48 h. Western blot analysis was performed and shown in
Figure 2. The results illustrated that H1650-AR and H1975-
AR cells showed an approximately two-fold increase in the
expression of OPN protein compared with that in H1650
and H1975 cells (P<0.01). Further analysis revealed that
afatinib obviously decreased the expression of E-cadherin,
but increased the expressions of N-cadherin and Vimentin
proteins, indicating H1650-AR and H1975-AR cells
exhibited an EMT phenotype (P<0.01, Figure 2). These
results indicated that OPN was significantly up-regulated
in afatinib-resistant H1650 and H1975 cells, and might
be involved in the mechanisms of acquired resistance to
afatinib.

OPN over-expression contributes to acquired resistance to
afatinib

Given the requirement of OPN for EGFR-mutant NSCLC
cells, we investigated whether OPN over-expression would
be sufficient to cause further resistance to afatinib. Here, we
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transfected a pLOC-OPN lentivirus vector into H1650-AR
and H1975-AR cells to over-express OPN protein. Empty
vector was used as a control. Firstly, OPN-expressing
lentiviruses indeed increased the expression of OPN protein
in H1650-AR and H1975-AR cells (P<0.01; Figure 3A).
And then, H1650-AR and H1975-AR with pLOC-OPN
lentivirus vector or empty vector were exposed to increasing
concentrations of afatinib for 48 h. Finally, the proliferation
inhibition rate and IC50 values of afatinib were determined
by cell proliferation inhibition assay. Compared with
empty vector control (IC50 value: 9.78 and 9.52 pmol/L,
respectively), over-expression of OPN markedly increased
the IC50 values of afatinib (10.99 and 15.12 pmol/L,
respectively) in H1650-AR and H1975-AR cells (P<0.01,
Figure 3B). These results suggested that OPN over-
expression contributed to acquired resistance to afatinib.

OPN over-expression promotes EMT in H1650-AR and
H1975-AR cells

Previous studies identified EMT as a cause of acquired
resistance to afatinib in EGFR-mutant NSCLC. EMT
renders cancer cells more migratory and invasive, which
partially leads to acquired resistance to EGFR-TKIs and
correlates with a poor prognosis of NSCLC patients (14).
Therefore, we investigated whether OPN can regulate
EMT in EGFR-mutant H1650-AR and H1975-AR cell
lines using western blot. We identified that H1650-AR
and H1975-AR cells with OPN over-expression had 2.1
and 2.3-fold increase in the expressions of N-caherin and
Vimentin proteins (P<0.01, Figure 4). However, OPN over-
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Figure 3 OPN over-expression contributes to acquired resistance to afatinib in H1650-AR and H1975-AR cells. (A) The pLOC-OPN
lentivirus vector was used to over-express OPN in H1650-AR and H1975-AR cells. Empty vector was used as a control. The expression

level of OPN protein was measured by western blot. (B) H1650-AR and H1975-AR cells with OPN over-expression or empty vector control

were administrated with afatinib (2.5, 5.0, 10, 20, 50, 100 pmol/L) for 48 h; Then cell proliferation inhibition assay was carried out. Each

experiment was repeated at least 3 times independently. Data was represented as mean + SD.*P<0.01, vs. control. OPN, osteopontin.
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expression in H1650-AR and H1975-AR cells suppressed
the expression of E-cadherin protein compared with empty
vector control (P<0.01, Figure 4). These results suggested

that OPN over-expression promoted EMT progression in
H1650-AR and H1975-AR cells.

Silencing of OPN overcomes acquired resistance to afatinib

Given the significant increase of OPN in H1650-AR and
H1975-AR cell lines, we further investigated whether
OPN inhibition with the small interfering RNA would
be sufficient to overcome acquired resistance to afatinib
in both cell lines. We transfected OPN-specific siRNAs
or control siRNAs into H1650-AR and H1975-AR cells.
Compared with si-control, H1650-AR and H1975-AR cells
with si-OPN exhibited an approximately 50% decrease
in the expression of OPN protein (P<0.01, Figure 5A).
Following transfection, the proliferation inhibition rate and
IC50 values of afatinib were determined by cell proliferation
inhibition assay. We found that silencing of OPN in H1650-
AR and H1975-AR cells decreased the IC50 values of
afatinib (6.02 and 4.98 pmol/L, respectively) compared with
si-control (9.68 and 10.12 pmol/L, respectively), indicating
that inhibition of OPN overcomes acquired resistance
to afatinib via inhibition of cell proliferation (P<0.01,
Figure 5B). In addition, western blot analysis validated
that silencing of OPN in H1650-AR and H1975-AR cells
treated with afatinib (5.0 pmol/L) significantly decreased
the expressions of N-cadherin and Vimentin proteins, but
obviously increased the expression of E-cadherin compared
with si-control (P<0.01, Figure 5C). These results indicated
that inhibition of OPN overcame acquired resistance to
afatinib via inhibition of EMT.

Discussion

Lung cancer is the most common malignant tumor around
the world, in which 80-85% is NSCLC. The second-
generation EGFR-TKIs have a greater survival benefit
for NSCLC patients especially with EGFR mutations.
Compared with the conventional chemotherapy, patients
with sensitive EGFR mutations had a better prognosis and
sensitivity to EGFR TKIS. Although targeted therapies
in NSCLC patients have improved antitumor effects,
acquired resistance is still a major barrier to the treatment
of NSCLC in clinical practice.

To date, EMT has been demonstrated to be associated
with acquired resistance of lung cancer to EGFR TKIs
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(15-18), whereas its direct mechanism has not been
clearly elucidated in recent years. In previous studies, up-
regulation of Axl, transforming growth factor-p and insulin-
like growth factor 1 receptor triggered EMT-mediated
acquired resistance to EGFR-TKIs (19-22). In addition,
EMT transcription factors, such as SNAI2 and ZEBI,
are also responsible for acquired resistance to targeted
therapy of EGFR-mutant NSCLC (23-26). However, more
molecular mechanisms for targeting EMT or preventing
drug resistance need to be investigated.

OPN, as a new cytokine, plays an important role in
human body. OPN is associated with pathological processes
such as solid tumor, atherosclerotic plaque, sarcoma
tissue formation, etc. OPN also plays an important role
in tumor metastasis and can be regarded as a marker of
tumor metastasis through binding with avp3-integrin and
CD44 receptor (27). Jin et al. indicated that OPN highly
expressed in human NSCLC tissues, and correlated with
poor prognosis of NSCLC patients (28). Mechanically,
OPN promotes the EMT in several types of cancer cells,
including endometrial cancer, prostate cancer, breast
cancer and liver cancer (29-31). However, the mechanisms
underlying OPN-induced EM'T remain poorly understood.
The current research on OPN is still at the basic research
stage, and there is no specific OPN inhibitor applied in
clinical work. In the present study, we selected EGFR-
mutant H1650 and H1975 cells to investigate the role
of OPN in acquired resistance to afatinib. Firstly, we
successfully established H1650-AR and H1975-AR cells
that exhibited an EMT phenotype as characterized by
loss of E-cadherin expression and gain of N-cadherin and
Vimentin expressions. Afatinib concentration was 0.2 to
10 pmol/L, which is fully consistent with the conversion of
the usual dose of afatinib in clinical work. We demonstrated
that silencing of OPN resulted in proliferation inhibition,
and affected EMT progression in H1650-AR and H1975-
AR cells, while OPN over-expression had an opposite effect,
and caused further resistance to afatinib. These results
indicated that inhibition of OPN increased sensitivity
of H1650-AR and H1975-AR cell lines to afatinib via
inhibition of cell proliferation and EMT. OPN can
modulate the development of EMT cells, and it has been
demonstrated in animal experiments that OPN can promote
the metastasis of hepatoma cells (32). In breast cancer, OPN
can mediate cancer cells through mitogen-activated protein
kinase (MAPK) pathway, the exogenous OPN can promote
the proliferation, migration and invasion of endometrial
cancer cells EMT can also be promoted by extracellular
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Figure 5 Inhibition of OPN overcomes acquired resistance to afatinib in H1650-AR and H1975-AR cells. (A) Following transfection of
OPN-specific siRNAs into H1650-AR and H1975-AR cells, the expression level of OPN protein was measured by western blot. (B) The

inhibition rates of cells treated with afatinib were determined by cell proliferation inhibition assay. The IC50 values were calculated through

Graph Pad Prism 5. (C) The expression levels of E-cadherin, N-cadherin, and Vimentin were measured by western blot. Quantitative

analysis was performed by determining the ratio between indicated protein and GAPDH protein levels from three different experiments

with densitometry. Each experiment was repeated at least 3 times independently. Asterisks indicated statistically significant differences. Data

was represented as means + SD. *P<0.01, vs. control. OPN, osteopontin.

regulated protein kinase 1/2 (ERK1/2) and protein kinase
B (PKB) signal transduction pathway (33). All of those are
consistent with our experiment.

In conclusions, our study suggested that OPN was
required for acquired resistance of EGFR-mutant NSCLC

cell lines to afatinib. We believe that combination of afatinib
and OPN inhibitors may be a better therapeutic option
for NSCLC patients who developed acquired resistance to
afatinib. Whether resistance will occur upon combination
treatment remains to be seen in clinical trials.
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