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Background: Erlotinib is a commonly used molecular-targeted drug for the treatment of tongue
cancer. However, the development of acquired resistance to erlotinib hampers its therapeutic use.
Materials and methods: To analyze the erlotinib resistance, long-term and short term survival
assay were used to compare the resistance between parental and resistant tongue cancer cells.
Flow cytometry, Hochest staining and western blot were used to analyze the apoptosis among the
cells. Moreover, Transwell and wound healing assay were used to compare the invasion ability
of'the cells. To deeply explore the drug resistance in vivo, orthotopic tumor studies were applied.
Finally, to explain the mechanism of c-met in erlotinib resistance, SARNA against c-met was
used to down-regulate the expression of c-met. And SU11274 also used in orthotopic model.
Results: We established erlotinib-resistant human tongue cancer cell line by chronic exposure
of TCA-8113 cells to increasing concentrations of erlotinib and determined the role of c-MET
and EGFR in the development of acquired resistance. We found a significant increase in the
phosphorylation of c-MET and an obvious decrease of the phosphorylation of EGFR in erlotinib-
resistant cells. Our results also revealed that inhibition of c-MET alone with SU11274 exerted
an inhibitory effect on the proliferation of erlotinib-resistant cells in the short term; however,
it failed to sustain the inhibitory effect in the long term. Simultaneous inhibition of c-MET and
EGFR significantly inhibited the proliferation of erlotinib-resistant cells in both a short and
long period. Furthermore, we explored the underlying mechanism and found that treatment of
erlotinib-resistant cells with SU11274 or shRNA against c-MET induced the phosphorylation
of EGFR. Moreover, our results demonstrated that simultaneous inhibition of c-MET and EGFR
significantly inhibited the migration and invasion of erlotinib-resistant cells.

Conclusion: Taken together, our results suggested that c-MET is involved in acquired drug
resistance to erlotinib and that cotargeting of EGFR and ¢c-MET could overcome acquired
resistance to erlotinib and inhibit the invasion and metastasis of erlotinib-resistant cells.
Keywords: tongue cancer, erlotinib, acquired resistance, EGFR, c-MET

Introduction

The incidence of tongue cancer is about 40% in oral cancer, and the most common
type of tongue cancer is squamous cell carcinoma. So far, oral tongue cancer has a
poor prognosis, and increasing incidence is seen among young adults.! Presently, due
to chemotherapeutic resistance, the survival rates of tongue cancer patients is below
the median.?? Not only that, limited information regarding the regulatory mechanisms
of acquired chemoresistance exists.

EGFR, a member of the ERBB family of cell-surface tyrosine kinases is over-
expressed in tongue cancer, and the overexpression of EGFR has been associated
with poor clinical outcomes.*” After ligand binding, EGFR dimerized homo- and/or
heterologously and triggered downstream intracellular signaling cascades such as
the PI3K/Akt, Raf/MEK/ERK, and STAT signaling pathways, leading to cellular
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proliferation,® angiogenesis,” metastasis,'® and inhibition of
apoptosis.!! Therefore, targeting EGFR for chemoprevention
of tongue cancer has received considerable attention. Small
molecule EGFR-targeted tyrosine kinase inhibitors (TKIs)
such as gefitinib and erlotinib have been used for the clinical
treatment of many human cancers,'?'* and they are currently
undergoing clinical evaluation for treatment. Currently, the
therapeutic effects are being studied in patients with advanced
tongue squamous cell carcinoma.'*'? However, for many rea-
sons, the cancer cells often acquire drug resistance to EGFR-
TKI drugs.” This acquired resistance severely disrupted
the application of EGFR-TKI drugs. So, it is imperative to
develop new strategies or alternative therapies to reverse this
process. For example, using combination treatment to lower
the doses of toxic drugs and overcome drug resistance.

c-MET is a membrane spanning receptor tyrosine kinase
for hepatocyte growth factor (HGF) also termed scatter fac-
tor. Overactivation of HGF/c-MET signaling is reported to be
involved in tumor progression and metastasis, and it has been
identified as a poor prognosis factor in non-small-cell lung
cancer.'*2! Engelman et al*? report that acquired EGFR-TKI
resistance could be reversed by the combination of c-MET
inhibitor with gefitinib in EGFR-TKI-resistant lung cancer
cells. However, the effect of c-MET in erlotinib drug resis-
tance of tongue cancer has not been reported.

In this study, we investigated the role of ¢c-MET in the
acquired resistance to erlotinib and explored the possibility
of ¢c-MET as a therapeutic target to reverse the acquired
resistance to erlotinib in human tongue cancer cells.

Materials and methods

Cell culture

Human tongue cancer cell line TCA-8113 was purchased
from the Type Culture Collection of Chinese Academy
of Sciences (Shanghai, China). Cells were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM; 1995065,
Thermo Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; FB15015, Clark
Bioscience, Richmond, VA, USA), 1 mM L-glutamine, and
1% penicillin/streptomycin antibiotics (15140-122, Thermo
Fisher Scientific).

Establishment of erlotinib-resistant cells

The erlotinib-resistant cells were established by chronic
exposing of TCA8113 cells to increasing concentrations of
erlotinib (S1023, Selleck, Houston, TX, USA). The initial
concentration was 5 UM; when the cells became resistant to
this concentration, the concentration was increased. There-
after, the concentration was gradually increased (each time

0.5 uM) every 3-5 days, reaching a final concentration to
10 uM. The concentration was maintained at 10 uM for
at least 30 days. The remaining clones were harvested,
expanded, and identified using the short- and long-term
survival assay. The erlotinib-resistant cells were cultured in
complete DMEM containing 5 UM of erlotinib.

Short-term survival assay

Cells were cultured in 96-well tissue culture plates (5,000 cells
each well). After 24 h of plating, cells were washed with PBS
3 times and then treated with erlotinib or SU11274 (S1080,
Selleck) for 48 h in DMEM containing 0.5% FBS. At the
end of the culture period, cells were washed with PBS, and
20 uL of MTT solution (5 mg/mL, Sigma, St Louis, MO, USA)
was added to each well, Cells were incubated for another 4 h.
The absorbance was measured at 570 nm using a microplate
reader. Mean values were calculated from three independent
experiments and represented as means + standard error.

Long-term survival assay

Cells were seeded into 6-well plates (10* cells per well) and
allowed to adhere overnight in regular growth media. Cells
were then cultured in the absence or presence of erlotinib/
SU11274 at different concentrations in complete media for
2 weeks. Growth media with or without erlotinib/SU11274
was replaced every 3 days. After 2 weeks, tumor cells were
fixed with ethanol (70%), stained with 0.5% crystal violet,
and photographed using a digital camera.

Flow cytometry

Cells were seeded in complete medium in 6-well culture
plates at a density of 106 cells per well. After 24 h of plating,
cells were washed 3 times with PBS and then treated with
the indicated drugs for 48 h in DMEM containing 0.5% FBS.
After 72 h, cells were trypsinized, stained with Annexin
V-FITC and propidium iodide for 15 min, and fixed with 70%
ethanol. The cells undergoing apoptosis were determined by
flow cytometry (FACS Calibur™, Becton Dickinson, Frank-
lin Lakes, NJ, USA). Experiments were repeated 3 times.

Western blot analysis

For extraction of total cellular protein, cells were lysed in
RIPA buffer with PMSF. Protein concentration was quanti-
fied using the BCA kit (Pierce Biotechnology, Inc., Rockford,
IL, USA). Proteins were separated and transferred to PVDF
membranes. The membranes were incubated overnight at
4°C with cleaved caspase-3 (9664#), caspase 3 (9662#),
EGFR (2232#), p-EGFR (3777#), c-MET (3127#), p-c-MET
(3129#), ERK (4696#), p-ERK (4370#), Akt (4685#), p-Akt
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(9271#), and B-actin (1:1,000) (Cell Signaling Technology,
Danvers, MA, USA). Thereafter, the membranes were incu-
bated with HRP-labeled anti-rabbit secondary antibodies
(1:1,000) for 1 h at room temperature. Finally, the membrane
was visualized using an enhanced chemiluminescence kit
(Thermo Fisher Scientific Inc., Rockford, IL, USA).

Hochest 33342 staining

After treatment, cells were stained with Hochest 33342
(Beyotime, China) and photographed using a fluorescence
microscope. The incidence of DNA condensation in each
preparation was analyzed by counting 300 cells and deter-
mining the percentage of DNA condensed cells.

Orthotopic tumor studies

Six to eight weeks old male BALB/C nude mice (Beijing
Weitong Lihua Animal Co. Ltd., Beijing, China) were used
in the experiment. All animal experiments were approved
and supervised by the Animal Care and Use Committees of
Shandong Medical University and were performed according
to the institutional ethical guidelines for animal experiments.
The erlotinib-resistant cells 107 in 200 uL. PBS was injected
subcutaneously to the dorsal midline in nude mice. Once
the tumors reached ~100 mm?, mice were randomly divided
into 4 groups and treated with SU11274 (30 mg/kg), erlo-
tinib (30 mg/kg), or SU11274 in combination with erlotinib
(SU11274: 30 mg/kg, erlotinib: 30 mg/kg) by intragastric
administration twice a week for 14 days. After 2 weeks, the
xenografts were removed and tumor weights were evaluated.

shRNA transfection
The erlotinib-resistant cells derived from TCA-8113 were
cultured in a 6-well culture plate and allowed to grow until
90% confluency was achieved. Transfection was performed
with Lipofectamine 2000 following the manufacturer’s
instructions (12566014, Thermo Fisher Scientific). The
sequence of shRNAs against c-MET used were as follows:
shMET#1:
5’-CGGAGACTCATAATCCAACTGTAACTCGAGT
TACAGTTGGATTATGAGTCTTTTTTG-3’
shMET#2:
5’-CCGGGCACTATTATAGGACTTGTATCTCGAG
ATACAAGTCTTATAATAGTGCTTTTG-3’
nontargeting (NT) control:
5’-CTAAGGTTAAGTCGCCCTCGCTCGAGCGAGG
GCGACTTAACCTTAGG-3".
Cells were transfected with 4 g of ShRNA using 10 pL.
Lipofectamine 2000 in 100 uL. DMEM containing 10% FBS.

After 48 h, the expression of c-MET was determined using
Western blot.

Wound healing assay

The erlotinib-resistant cells were harvested and seeded in
a 6-well plate (1x10° each well) and allowed to grow until
confluent. The monolayer was carefully wounded using a
sterile pipette and washed with PBS three times to remove
the debris. The wounded monolayer was cultured in DMEM
containing 0.5% FBS for 24 h, and photographed with an
inverted microscope (100x). The status of wound closure
was evaluated.

Transwell assay

Transwell assay was performed using Costar’s 24 well Tran-
swell (Costar#3422). Cells were plated on the upper chamber of
a 96-well-plate at a concentration of 1x10*well and allowed to
invade for 24 h. The inserts were inverted and stained with 0.5%
crystal violet. The number of invaded cells were observed and
counted using inverted microscope. Five fields were randomly
chosen and the numbers of penetrated cells were counted. The
invasion potentiality of tumor cells was represented by the
average value of penetrated cells in these fields.

Statistical analysis

Comparison of the data among multiple groups was per-
formed using one-way analysis of variance. Comparison of
the data between two groups was performed by Student’s
t-test. A P-value <0.05 was considered to be statistically
significant.

Results
c-MET is overactivated in erlotinib-

resistant cells

To establish erlotinib-resistant cancer cells, we exposed
tongue cancer cells TCA8113 to increasing concentrations
of erlotinib (Figure 1A). Two resistant clones were cho-
sen for further experiments. Compared with parent cells,
erlotinib-resistant TCA8113 (TCAS8113-R) cells exhibited
an asymmetrically elongated morphology, whereas wild-
type TCA8113 cells presented a symmetrically polygonal
appearance (Figure 1B). Short-term and long-term survival
analyses showed that although wild-type cells were highly
sensitive to erlotinib, erlotinib-resistant cells required higher
doses of the drug for partial growth inhibition (Figure 1C
and D). From the short-term survival assay, we found the
IC,, of erlotinib in TCA-8113 to be about 5 UM; however,
the IC, in erlotinib-resistant cells was >20 uM. We also
determined the invasion potentials of 2 clones of resistant

OncoTargets and Therapy 2018:1 |

submit your manuscript

5501

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Huang and Liu Dove
A L R O B TCAB113  TCA8113-R1 TCA8113-R2
Day 0 14 19 24 29 34 39 44 49 54 59 89
Erlotinib selection , N
—
Harvest and
expansion
C E TcA8113  TCA8113-R1  TCA8113-R2
S 4 DA [
TCA8113 ; d
TCA8113-R1
TCA8113-R2 |
D F & &
- %ﬁgm o ENPNNY @ TCA8113
12|« TOAB113.R? (X (X (K c 3 £8 TCA8113-R1
= ’ - D < B TCA8113-R2
[} >"I.O e - —= p.EGFR 3 0
o 2038 S 52
23506 S s m. EGFR 0 8
- > =
o .= 04 s o
e 7 o2 " W e poMET 8 ¥
0.0 bt - ¥ o
0 5 10 15 20 25 IR, c-MET & & LA
Erlotinib (M) —— - Actin Q{oO € N X
q

Figure | c-MET is overactivated in erlotinib-resistant tongue cancer cells (TCA8113).

Notes: (A) The schematic diagram of screening erlotinib-resistant cells from TCA81 I3 cells; (B) inverted microscopic observation of the morphology of TCA8113-R cells
(scale bar =50 uM). (C) Long-term survival analysis of erlotinib-resistant cells under the condition of erlotinib treatment. (D) Short-term survival analysis of erlotinib-resistant
cells under the condition of erlotinib treatment; (E) Transwell analysis of the invasion potential of erlotinib-resistant cells. *P<<0.05 (scale bar =100 uM). (F) Western
blot analysis of the levels of p-EGFR, EGFR, p-c-MET, and c-MET in erlotinib-resistant cells. Actin was used as internal control. *P<<0.05, erlotinib-resistant cells versus

parental cells.

cells and found that the invasion potential of the resistant cells
was significantly greater than that of parent cells (Figure 1E).
Then, we compared the phosphorylation levels of EGFR and
c-MET in wild-type and the resistant cells. We found that the
phosphorylation level of c-MET was significantly increased,
whereas the phosphorylation level of EGFR was obviously
decreased in erlotinib-resistant cells as compared with that
in wild-type cells (Figure 1F).

Cotargeting EGFR and c-MET inhibited

the growth of erlotinib-resistant cells
Since ¢c-MET is overactivated in erlotinib-resistant cells,
we then treated erlotinib-resistant cells with c-MET kinase

inhibitor SU11274 and examined whether it could inhibit
the growth of TCA8113-R cells. Short-term survival
analysis showed that treatment of the resistant cells with
SU11274 caused a significant growth inhibition (Figure 2A).
From the assay, we determined the IC, of SU11274 as
about 5 uM, and we used this concentration for further
experiments. However, long-term survival analysis
revealed that SU11274 treatment could not lead to an obvi-
ous growth inhibition (Figure 2B). These data indicated
that although inhibition of c-MET alone could inhibit the
growth of erlotinib-resistant cells in a short time, it could
not efficiently inhibit the growth of the resistant cells for
a long time.
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Figure 2 Cotargeting EGFR and c-MET inhibited the growth of erlotinib-resistant cells.

Notes: (A) Short-term survival analysis of the inhibitory effect of SUI1274 on the growth of erlotinib-resistant cells. (B) Long-term survival analysis of the inhibitory effect
of SUI1274 at a concentration of 5 UM on the growth of erlotinib-resistant cells. (C) Short-term survival analysis of the effect of joint treatment of SUI1274 (5 uM) and
erlotinib (5 M) on the growth of erlotinib-resistant cells. (D) Joint treatment of SUI1274 (5 uM) and erlotinib (5 uM) inhibited the growth of erlotinib-resistant cells in
the long-term (upper) and facilitated cell apoptosis (bottom) (scale bar =20 uM). (E) Flow cytometry analysis of the effect of joint treatment on the apoptosis of erlotinib-
resistant cells. The statistical analysis graph is shown the right. *P<<0.05, joint treatment group versus DMSO group. (F) Western blot analysis of the effect of joint treatment
on the levels of cleaved Caspase-3, Caspase 3, p-ERK, ERK, p-Akt, and Akt in erlotinib-resistant cells. Actin was used as internal control. (G) The statistical analysis results
of (F). *P<<0.05, joint treatment group versus DMSO group.
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We next tried to explore whether cotargeting of EGFR
and ¢-MET could overcome the acquired resistance to
erlotinib in human tongue cancer. For this purpose, the
resistant cells were treated by SU11274 (5 uM) in combi-
nation with erlotinib (5 M) and the inhibitory effects were
investigated using short and long time survival experi-
ments. We found that joint treatment of erlotinib-resistant
cells with SU11274 and erlotinib significantly inhibited
the growth of tumor cells in the short- (Figure 2C) and
long-term as compared with treatment with SU11274 alone
(Figure 2D upper). Furthermore, to investigate whether
joint treatment with SU11274 and erlotinib could induce
cell apoptosis in the resistant cells, we used Hochest
33258 staining and found that this joint treatment caused
a significant increase in the percentage of cell apoptosis as
compared with treatment with SU11274 or erlotinib alone

A

Vehicle

Erlotinib

SU11274

Erlotinib/
SuU11274

Figure 3 Cotargeting EGFR and c-MET inhibited the growth in vivo xenografts model.

(Figure 2D bottom). Furthermore, these results were fur-
ther demonstrated by flow cytometry analysis (Figure 2E).
Western blot analysis showed that treatment of erlotinib-
resistant cells with SU11274 in combination with erlo-
tinib significantly promoted the cleavage of Caspase-3
and suppressed the phosphorylation of ERK and Akt
(Figure 2F and G).

For further validating these in vitro results, we established
in vivo xenograft model by injecting erlotinib-resistant cells
(107 each animal) subcutaneously. We found that joint treat-
ment of the resistant cells with SU11274 in combination with
erlotinib caused a significant decrease in the average weight
of xenografts as compared with treatment with SU11274 or
erlotinib alone (Figure 3A and B). Western blot analysis
showed that joint treatment with SU11274 and erlotinib
significantly inhibited the phosphorylation of ERK and Akt
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Notes: (A) The in vivo analysis results of the inhibitory effect of joint treatment of nude mice with SU11274 (30 mg/kg) and erlotinib (30 mg/kg) on the growth of erlotinib-
resistant cells. (B) Tumor weight analysis. *P<<0.05, joint treatment group versus vehicle group. (C) Western blot analysis of the expression of p-ERK, ERK, p-Akt, and Akt
in tumor xenografts. (D) The statistical analysis of results given in (C). *P<<0.05, joint treatment group versus vehicle group.
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in the xenograft tumors (Figure 3C and D). Taken together,
cotargeting of c-MET and EGFR could inhibit the growth of
erlotinib-resistant cells in the long term, whereas inhibition
of ¢c-MET alone only caused a transient growth inhibition
in the short term.

Knockdown of c-MET sensitized erlotinib-

resistant cells to erlotinib

To explore the underlying molecular mechanism, we treated
the resistant cells with SU11274 at a concentration of 5 uM
and then the phosphorylation levels of c-MET and EGFR
were examined dynamically by Western blot. We found
that treatment of the resistant cells with SU11274 caused a
significant inhibition of c-MET phosphorylation, whereas
coincidently this caused a significant increase in the phos-
phorylation levels of EGFR (Figure 4A).

To further elucidate the role of c-MET in the develop-
ment of acquired resistance, we then knocked down c-MET
in the resistant cells using shRNA against c-MET and exam-
ined the sensitivity of c-MET knockdown cells to erlotinib
(Figure 4B). Knockdown of c-MET significantly inhibited
the growth of the resistant cells in the short and long term
when treated with erlotinib (Figure 4C and D upper). We also
observed that erlotinib could induce the apoptosis of the
resistant cells under the condition of ¢-MET knockdown,
as assessed by Hochest 33258 staining and flow cytometry
(Figure 4D bottom and E).

We also explored whether ¢c-MET affected the phos-
phorylation of EGFR. As shown in Figure 4A, although
treatment of the resistant cells with SU11274 inhibited the
phosphorylation of c-MET, it promoted the phosphoryla-
tion of EGFR coincidently. This conclusion was further
demonstrated by the fact that c-MET knockdown facili-
tated the phosphorylation of EGFR in the resistant cells
(Figure 4B).

Cotargeting of EGFR and c-MET inhibited

the invasion of erlotinib-resistant cells

Having demonstrated that cotargeting of EGFR and ¢c-MET
sensitizes erlotinib-resistant cells to erlotinib, we sought to
determine whether cotargeting of EGFR and c-MET inhibited
the invasion of the resistant cells. To study this goal, the resis-
tant cells were treated with erlotinib and/or SU11274, and the
migratory and invasive potentials were determined by wound
healing assay and Transwell assay, respectively. Wound
healing assay showed that joint treatment with erlotinib and

SU11274 inhibited the migration of the resistant cells to a
greater extent as compared with treatment with SU11274 or
erlotinib alone (Figure 5A). Consistently, Transwell assay
showed that simultaneous treatment with erlotinib and
SU11274 inhibited the invasion potential of TCA8113-R
cells to a greater extent (Figure 5B and C).

Discussion

Erlotinib is an important chemotherapeutic drug in tongue
cancer patients.'”? However, the long-term effect is unsat-
isfactory due to the development of acquired resistance.
So, researchers have been trying to explore the underlying
mechanism and effective treatment options to overcome
the acquired resistance. Herein, we found that c-MET is
involved in the development of acquired resistance and could
be used as a potential therapeutic target for overcoming the
acquired resistance.

To study what happened in erlotinib-resistant tongue
cancer cells, we screened TCA-8113R and compared
the phenotype with parental cells. After examination of
the resistance extent, we found the TCA8113-R cells were
more resistant to erlotinib than parental cells. Interestingly,
inthe TCA8113-R cells, c-MET activity could not be inhib-
ited in erlotinib treatment, though EGFR activity already
has been inhibited. It is suggested that c-MET is associated
with erlotinib resistance. After c-MET was inhibited by
SU11274, we found that TCA-8113R could be inhibited
by erlotinib. In vivo xenografts model in BALB/C nude
mice also helped us determine this conclusion. To explore
the mechanism of c-MET in TCA-8113R, we examine the
phosphorylation levels of c-MET and EGFR by Western blot
dynamically in erlotinib- or SU11274-treated TCA-8113
cells. We found that erlotinib significantly inhibited EGFR
phosphorylation, but promoted the phosphorylation of
¢-MET. Therefore, the mutual compensation of c-MET and
EGFR in the development and reverse of acquired resistance
to erlotinib. Knocking down the expression of c-MET, the
acquired resistance to erlotinib disappeared in TCA-8113
cells. In addition, cotargeting of EGFR and c-MET could
obviously inhibit the invasion potential of TCA8113-R
cells. It is suggested only cotargeting c-MET and EGFR
could inhibit the erlotinib drug resistance of tongue cancer
cells and invasion.

Taken together, c-MET is involved in erlotinib-resistant
tongue cancer, and cotargeting of c-MET and EGFR could
reverse the erlotinib resistance in TCA-8113 cells.
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statistical analysis is shown on the right. *P<<0.05, compared with 0 min. (B) Western blot analysis of the effect of c-MET knockdown on the levels of p-EGFR and EGFR.
The statistical analysis is shown on the right. *P<<0.05, compared with control group. (C) Short-term survival analysis of the inhibitory effect of c-MET knockdown on the
growth of erlotinib-resistant cells under the condition of erlotinib treatment. (D) c-MET knockdown inhibited the growth of erlotinib-resistant cells in the long term (upper)
and facilitated cell apoptosis when treated with erlotinib at concentration of 5 UM (bottom) (scale bar =20 uM). (E) Flow cytometry analysis of the effect of c-MET depletion
on the apoptosis of erlotinib-resistant cells under the condition of erlotinib treatment. The statistical analysis graph is shown on the right. *P<0.05, shMET group versus

control group.
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Figure 5 Cotargeting of EGFR and c-MET inhibited the invasion potential of erlotinib-resistant cells.

Notes: (A) Wound healing analysis of the effect of joint treatment of SU11274 (5 uM) and erlotinib (5 uM) on the migration of erlotinib-resistant cells (magnification 100x).
(B) Statistical analysis of the migration ratio results in (A). *P<<0.05, compared with control group. (C) Transwell assay analysis of the effect of joint treatment of SUI 1274 (5 uM)
and erlotinib (5 [tM) on the invasion potential of erlotinib-resistant cells (scale bar =100 uM). (D) The statistical analysis of results in (C). ¥*P<<0.05, compared with control group.
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