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Abstract: Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) are widely used as targeted
chemotherapeutic drugs in the treatment of advanced non-small cell lung cancer (NSCLC). However, acquired re-
sistance against TKls caused by T790M mutation of EGFR has become a major clinical problem. In this study, we
assessed whether the combination of wogonin, a natural monoflavonoid, and icotinib could overcome T790M-
mediated acquired resistance to icotinib, a novel EGFR-TKI with preclinical and clinical activity. Cell counting kit-8
assay showed that wogonin and icotinib caused time- and dose-dependent growth inhibition of NCI-H1975, which is
a T790M-positive cell line. Wogonin plus icotinib combination produced a more pronounced growth inhibition and
significantly increased the percentage of early apoptotic cells and cleavage of caspase 3 compared to cells treated
with wogonin or icotinib alone. Furthermore, the number of intracellular autophagosomes, LC3B-I conversion to
LC3B-Il, and Beclin 1 expression after treatment with wogonin and icotinib combination were higher than those after
treatment with wogonin or icotinib alone. The combined treatment with wogonin and icotinib upregulated the levels
of phosphorylated mTOR. The suppression of mTOR phosphorylation by 3-methyladenine weakened the effects of
wogonin and icotinib on cell autophagy and apoptosis. In conclusion, the combination of icotinib and wogonin ex-
erted synergistic inhibitory effects on cell proliferation, and could induce apoptosis and autophagy in EGFR T790M-
mutated lung cancer. The combination of icotinib and wogonin could become a potential strategy to overcome the
acquired resistance to EGFR-TKIs in T790M mutant lung cancer.
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Introduction ced NSCLC. However, acquired resistance again-

st them has become a major clinical problem.

Lung cancer is the leading cause of cancer
death and the most frequently diagnosed can-
cer in China [1]. It is mainly treated with sur-
gery, chemotherapy, radiotherapy, and targeted
therapies. Non-small cell lung cancer (NSCLC)
accounts for approximately 80% of primary
lung cancer. Because the initial symptoms are
obscure, approximately two-third NSCLC cases
are diagnosed at an advanced stage [2]. There-
fore, chemotherapy, radiotherapy, and targeted
therapies are the main treatment option for ad-
vanced stage NSCLC patients. Epidermal grow-
th factor receptor tyrosine kinase inhibitors (EG-
FR TKIs) have been widely used as targeted che-
motherapeutic drugs in the treatment of advan-

Several possible mechanisms for acquired re-
sistance have been identified, such as aberrant
downstream pathways, histologic transforma-
tion, ATP binding cassette transporter effusion,
impairment of the EGFR-TKIs-mediated apopto-
sis pathway, and T790M-mediated acquired re-
sistance, etc. [3]. Among these, T7T90M-medi-
ated acquired resistance is the most prevalent
mechanism and trials in vitro investigating the
efficacy of new therapies targeting T790M for
overcoming the acquired resistance to EGFR
TKls have been carried out [4-7]. However, only
few drugs have reached clinical trials phase.
Therefore, more studies are needed to over-
come T790M-mediated acquired resistance.
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Figure 1. The rate of inhibition of NCI-H1975 cells after treatment with different concentrations of (A) icotinib (10
nM, 20 nM, 40 nM, 60 nM, 80 nM, and 100 nM) or (B) wogonin (10 mM, 20 mM, 40 mM, 60 mM, 80 mM, and 100

mM) for 24, 48, or 72 h.

Overcoming resistance of cancer cells is a main
research area of Traditional Chinese medicine.
Wogonin is a natural monoflavonoid isolated
from Scutellaria baicalensis Georgi, Scutellaria
rivularis wall, among others, which are impor-
tant traditional Chinese medicine. Wogonin has
been reported to have potent antitumor activi-
ties against many types of cancer cells, such as
melanoma, malignant neuroblastoma, leukae-
mia, and cervical carcinoma [8-12]. For exam-
ple, our previous studies showed that wogonin
induced G1 phase arrest in human cervical car-
cinoma Hela cells and human histiocytic lym-
phoma cell line U-937 via different regulatory
mechanisms [11, 12]. Wogonin was also shown
to increase doxorubicin sensitivity in breast
cancer, and head and neck cancer [13, 14].
However, whether wogonin has a role in over-
coming T790M-mediated acquired resistance
is not clear, and the associated regulatory me-
chanism is not known.

In the present study, the role of wogonin in
overcoming T790M-mediated acquired resist-
ance to icotinib, a novel EGFR TKI with precli-
nical and clinical activity [15] in NSCLC, was
investigated in NCI-H1975 cells, which have
EGFR-T790M mutation. The effect of wogonin,
icotinib, or combination of wogonin plus icotinib
on cell proliferation, apoptosis, and autophagy
was evaluated. The results showed that combi-
nation of wogonin and icotinib could overcome
the acquired resistance to icotinib. In addition,
we found that mTOR phosphorylation might be
a regulatory mechanism through which wogonin
overcomes the acquired resistance to icotinib.
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Materials and methods
Cell line, cell culture, and reagents

Human NSCLC cell line NCI-H1975 was obtain-
ed from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). NCI-H1975 cells
were cultured in RPMI-1640 medium with 10%
foetal bovine serum (FBS) (GIBCO/BRL, MD,
USA), supplemented with 100 U/ml penicillin G
and 100 ug/mL streptomycin (Sigma-Aldrich
Corp., St. Louis, MO). Cells were maintained at
37°C in a humidified 5% CO, incubator. Wogo-
nin, icotinib, and 3-methyladenine (3-MA) were
purchased from Abmole Bioscience Inc. (Hous-
ton, TX, USA). Wogonin was dissolved in dime-
thyl sulfoxide (DMSOQ) at 100 mM and stored at
-20°C as a stock solution, and diluted to each
designated concentration in the buffer solution
before each experiment. The final concentra-
tion of DMSO did not exceed 0.1%.

Experimental design

To detect the inhibitory concentration 50 (IC,)
of TKls, icotinib and wogonin were diluted to
different concentrations (10, 20, 40, 60, 80,
100, 200 pM) to treat NCI-H1975 cells for
24, 48, and 72 h. To choose the best concen-
tration for icotinib and wogonin combination
treatment, NCI-H1975 cells were treated for
48 and 72 h at following concentrations: 10
MM wogonin, 20 yM wogonin, 40 yuM wogonin,
10 uM icotinib, 20 uM icotinib, 40 pM icotinib,
10 uM wogonin+10 uM icotinib, 20 yM wogo-
nin+10 uM icotinib, 40 uM wogonin+10 uM ico-
tinib, 10 yM wogonin+20 uM icotinib, 20 yM
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Figure 2. The inhibitory activity of
low concentration icotinib (lc) 10
nM, 20 nM, 40 nM plus low con-
centration wogonin (Wo) (10 mM,
20 mM, and 40 mM) treatment
for24 h (A), 48 h (B),and 72 h (C)
in NCI-H1975 cells.

wogonin+20 uM icotinib, 40
MM wogonin+20 uM icotinib,
10 uM wogonin+40 uM ico-
tinib, 20 uM wogonin+40 uM
icotinib, 40 uyM wogonin+40
MM icotinib. Based on the
screening results, NCI-H1975
cells were divided into the fol-
lowing four groups for investi-
gating the effects on apopto-
sis, the protein expression of
caspase 3, LC3B, and Beclin
1 by western blot, and trans-
mission electron microscope
analysis: DMSO-treated group,
wogonin-treated group, icotin-
ib-treated group, and wogonin
plus icotinib-treated group. To
further investigate the rela-
tionship between apoptosis
and autophagy, NCI-H1975
cells were divided into two
groups: wogonin plus icotinib-
treated group and wogonin
plus icotinib plus 3-MA-treat-
ed group.

Evaluation of the inhibitory
activity

Rate of cell inhibition was eva-
luated using the cell counting
kit-8 (CCK-8) (Dojindo, Kuma-
moto, Japan) according to the
manufacturer’s protocol. Bri-
efly, at the end of the treat-
ment, 10 yL WST-8 reagent
was added to each well, and
after 4 h incubation at 37°C,
OD value at 490 nm was
measured using a microplate
reader (Multiscan MK3; Ther-
mo Fisher Scientific, Walth-
am, MA, USA). All experiments
were performed in triplicate
and repeated three times. A
blank well that contained only
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Table 1. The q value of each group

q value

24 h 48 h 72 h
10 nM Ic+10 mM Wo 1.08 0.74 0.94
10 nM Ic+20 mM Wo 1.11 0.86 0.77
10 nM Ic+40 mM Wo 1.13 0.72 0.67
20 nM Ic+10 mM Wo 2.08 1.35 1.17
20 nM Ic+20 mM Wo 1.97 1.39 1.09
20 nM Ic+40 mM Wo 2.00 1.22 1.10
40 nM Ic+10 mM Wo 2.21 1.23 1.13
40 nM Ic+20 mM Wo 2.34 1.56 1.13
40 nM Ic+40 mM Wo 2.41 1.37 1.17

Group

q=EAB/(EA+EB-EAxEB); EAB: Inhibitory activity after
icotinib (Ic) plus wogonin (Wo) treatment; EA: Inhibitory
activity after treatment with icotinib alone; EB: Inhibitory
activity after treatment with wogonin alone.

media and drug was used as a control for all
the experiments. The inhibitory ratio was cal-
culated using the following formula: inhibitory
rate (%)=(1- the average absorbance of the
treated group/the average absorbance of the
control group)x100%. To examine the synergis-
tic effect of wogonin and icotinib, g value was
calculated using the following formula: g=EAB/
(EA+EB-EAXEB), EAB: inhibition rate after ico-
tinib plus wogonin treatment, EA: inhibition rate
after icotinib treatment, EB: inhibition rate after
wogonin treatment.

Flow cytometry for investigating apoptosis

Flow cytometric analysis for apoptosis was car-
ried out using annexin V-FITC cell apoptosis
analysis kit (KeyGEN BioTECH, Nanjing, China).
Briefly, cells were collected by trypsin diges-
tion, washed twice with PBS, centrifuged, and
resuspended with 500 uL binding buffer. Sub-
sequently, 5 yL annexin V-FITC was added to
the cell suspension and mixed followed by
addition of 5 uL propidium iodide (Pl) and mix-
ing. After incubation for 10 min at room tem-
perature in the dark, cells were analysed using
BD Accuri™ C6 flow cytometer (BD Biosciences,
San Diego, CA, USA) to detect apoptosis.

Western blotting analysis

Cells were digested with trypsin and centri-
fuged at 2,000 rpm for 5 min. After collection,
the cells were washed twice with PBS and cen-
trifuged at 2,000 rpm for 5 min. The cell pellet
(11068 cells) was lysed using RIPA lysis buffer.
Total protein concentration was detected using
the BCA Protein Assay kit (Thermo Scientific
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Pierce, Rockford, IL, USA). Total protein (30 pg)
were loaded and separated on 10% sodium
dodecyl sulphate polyacrylamide gels and
transferred to PVDF membranes (PALL, New
York, NY, USA). After blocking with 5% milk in
TBS containing 0.05% Tween-20 (TBST) for 1 h
at room temperature, all membranes were in-
cubated for 1 h with primary antibody. Subse-
quently, the membranes were washed thrice
with TBST and incubated with secondary anti-
body for 40 min. After washing three times
with TBST, all membranes were visualized by
enhanced chemiluminescence reagent obtain-
ed from Millipore Corporation (Billerica, MA,
USA). GAPDH served as an internal loading
control.

Transmission electron microscopy

At the end of the treatment, cells were digested
with 0.25% trypsin and collected in centrifuge
tubes, followed by centrifugation at 1,500 rpm/
min for 10 min and at 800 rpm/min for another
10 min. The supernatant was discarded and
cells were fixed by addition of 2.5% glutaralde-
hyde for 30 min. Subsequently, cells were dehy-
drated, embedded, and stained using stand-
ard methods. The autophagosomes were ob-
served under a JEM-1010 electron microscope
(Matsunaga Manufacturing, Japan).

Statistical analysis

The results shown in figures represent the
means + standard error of the means. Differ-
ences within or between normally distributed
data were analysed by analysis of variance
using SPSS (Version 13.0; SPSS, Inc., Chicago,
IL, USA) followed by Tukey’s post hoc test. A
p-value of less than 0.05 was regarded as sta-
tistically significant.

Results

The effect of wogonin or icotinib on prolifera-
tion of NCI-H1975 cells

To investigate the effect on proliferation of NCI-
H1975 cells, the cells were treated with differ-
ent concentrations of wogonin (10 mM, 20 mM,
40 mM, 60 mM, 80 mM, 100 mM) or icotinib
(10 nM, 20 nM, 40 nM, 60 nM, 80 nM, 100 nM)
for 24, 48, or 72 h. At the end of each time
point, CCK-8 assay was used to detect the in-
hibitory activity. As shown in Figure 1A and 1B,
all concentrations of wogonin or icotinib could
effectively inhibit NCI-H1975 cell proliferation

Int J Clin Exp Med 2017;10(5):7553-7562
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Figure 3. The effect of wogonin and icotinib, either alone or in combination, on apoptosis of NCI-H1975 cells. NCI-H1975 cells were divided into four groups: non-
treated (Control), treated with 20 nM icotinib (Ic), treated with 10 mM wogonin (Wo), treated with 20 nM icotinib+10 mM wogonin (lc+Wo). After treatment, cells were
harvested for flow cytometry and western blot analysis. A: The representative graphs of flow cytometry analysis. B: The percentage of early apoptotic cells detected
using flow cytometry. C: Procaspase 3 and cleaved caspase 3 protein expression levels detected by western blotting. GAPDH was used as an internal reference.
*P<0.05, when compared to the control group.

7557

Int J Clin Exp Med 2017;10(5):7553-7562



Combination of icotinib and wogonin overcome acquired resistance in lung cancer

B Control Ic Wo lc+Wo
Beclin1 -

LC3B-1 w—

Lcae-i [

CAPDH M ———

hibitory activity than treat-
ment with wogonin or icotinib
alone at 24 h (Figure 2A), 48
h (Figure 2B), or 72 h (Figure
2C). To choose the best com-
bination treatment concentra-
tion, the g value of each group
was calculated, which show-
ed whether wogonin and ico-
tinib have synergistic effect
on proliferation of NCI-H1975
cells. As shown in Table 1, the
g values of 20 nM icotinib+10
mM wogonin and 40 nM ico-
tinibo+40 mM wogonin treat-
ment groups were greater
than 1.15 at 24, 48, and 72
h. These results indicated
that 20 nM icotinib+10 mM
wogonin and 40 nM icotin-
ib+40 mM wogonin treatment
have synergistic effect on pro-
liferation of NCI-H1975 cells.
Because the inhibitory acti-
vity of 40 nM icotinib+40 mM
wogonin treatment was too
high to be used, 20 nM ico-
tinib+10 mM wogonin treat-
ment was chosen for the fol-
lowing study.

Figure 4. The effect of wogonin and icotinib, either alone or in combination,

on autophagy of NCI-H1975 cells. NCI-H1975 cells were divided into four
groups: non-treated (Control), treated with 20 nM icotinib (Ic), treated with
10 mM wogonin (Wo), treated with 20 nM icotinib+10 mM Wo (lc+Wo). The

The effect of wogonin and/
or icotinib on apoptosis of
NCI-H1975 cells

cells were then harvested for transmission electron microscopy (A) and west-

ern blot detection of LC3B-I conversion to LC3B-Il and Beclin 1 expression

(B).

by different degrees. Furthermore, the inhibito-
ry activity of wogonin or icotinib on NCI-H1975
was time-dependent and dose-dependent.
Based on the effective inhibitory effect of wo-
gonin or icotinib on proliferation of NCI-H1975
cells, three low concentrations of wogonin (10
mM, 20 mM, and 40 mM) or icotinib (10 nM, 20
nM, and 40 nM) were used in this study.

The combined effect of wogonin and icotinib
on proliferation of NCI-H1975 cells

To investigate the combined effect of wogonin
and icotinib, NCI-H1975 cells were treated with
different concentrations of the combination for
24, 48, or 72 h. The results are shown in Figure
2. Treatment of NCI-H1975 cells with combina-
tion of wogonin and icotinib showed higher in-
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The effect of wogonin and ico-
tinib, either alone or in combi-
nation, on apoptosis of NCI-
H1975 cells was examined by flow cytometry
and by western blot analysis for detecting cle-
aved caspase 3. As shown in Figure 3A and 3B,
percentage of early apoptotic cells after treat-
ment with wogonin and icotinib, either alone or
in combination, were markedly increased com-
pared to the control group. Moreover, percent-
age of early apoptotic cells markedly increased
in wogonin and icotinib combination treatment
group compared to that reported for wogonin
or icotinib individual treatment groups. Interes-
tingly, the effect of wogonin and icotinib combi-
nation treatment on early apoptotic cells was
greater than the sum of the effects of wogonin
and icotinib individual treatment groups. Fur-
thermore, the expression levels of cleaved cas-
pase 3 after wogonin and icotinib treatment,
either alone or in combination, were evaluated.

Int J Clin Exp Med 2017;10(5):7553-7562
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Figure 5. The suppression of mTOR phosphorylation
weakened the effect of wogonin and icotinib on cell
autophagy. NCI-H1975 cells were divided into four
groups: non-treated (Control), treated with 20 nM ic-
otinib (Ic), treated with 20 mM wogonin (Wo), treated
with 20 nM icotinib+10 mM wogonin (Ic+Wo). The
cells were then harvested for western blot analysis
for detecting phosphorylated mTOR (p-mTOR) (A). Af-
ter treatment with or without 3-MA, NCI-H1975 cells
were treated with 20 nM icotinib (Ic)+10 mM wogo-
nin (Wo). The cells were then harvested for transmis-
sion electron microscopy (B) and western blot analy-
sis for detecting the conversion of LC3B-I to LC3B-lI
and Beclin 1 expression (C).
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As shown in Figure 3C, expression level of cle-
aved caspase 3 significantly increased after
treatment with wogonin, icotinib, and combina-
tion of wogonin plus icotinib. Similar to flow
cytometry results, the effect of wogonin and
icotinib combination treatment on caspase 3
cleavage was greater than the effect of treat-
ment with wogonin or icotinib alone.

The effect of wogonin and/or icotinib on au-
tophagy of NCI-H1975 cells

To detect the effect of wogonin and icotinib,
either alone or in combination, on autophagy of
NCI-H1975 cells, the formation of autophago-
somes was observed using a transmission
electron microscope. As shown in Figure 4A,
the number of intracellular autophagosomes
after treatment with wogonin and icotinib,
either alone or in combination, were increased
compared to the control group. The number
of intracellular autophagosomes after wogonin
plus icotinib combination treatment was more
than that after treatment with wogonin or ico-
tinib alone. The expression of autophagy-relat-
ed genes LC3B and Beclin 1 was also examined
using western blot analysis. As shown in Figure
4B, LC3B-I conversion to LC3B-Il and Beclin 1
expression were increased by treatment with
wogonin and icotinib, either alone or in combi-
nation, compared to control group. Moreover,
the increase in LC3B-I conversion to LC3B-II
and Beclin 1 expression after wogonin plus ico-
tinib combination treatment was more than
that after wogonin or icotinib individual treat-
ment.

The suppression of mTOR phosphorylation
weakened the effect of wogonin and icotinib
on cell autophagy and apoptosis

To investigate the possible mechanism involved
in regulating the effect of wogonin and/or ico-
tinib on apoptosis and autophagy, the mTOR
phosphorylation level was detected. As shown
in Figure 5A, treatment with both wogonin and
icotinib, either alone or in combination upregu-
lated the mTOR phosphorylation level. The in-
creased mTOR phosphorylation after wogonin
plus icotinib combination treatment was more
than that after wogonin or icotinib individual
treatment. To further confirm the role of mTOR
phosphorylation in regulating the effect of wo-
gonin and icotinib on cell proliferation, apop-
tosis, and autophagy. As a control, 3-MA was
used to prevent mTOR phosphorylation. The

Int J Clin Exp Med 2017;10(5):7553-7562
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Figure 6. The suppression of mTOR phosphorylation weakened the effect of
wogonin and icotinib on apoptosis. After treatment with or without 3-MA, NCI-
H1975 cells were treated with 20 nM icotinib (Ic)+10 mM wogonin (Wo). The
cells were then harvested for flow cytometry and western blot analysis. A: The
representative graphs of flow cytometry analysis. B: The percentage of early
apoptotic cells detected by flow cytometry. C: Procaspase 3 and cleaved cas-
pase 3 protein expression levels detected by western blotting. GAPDH was
used as an internal reference. *P<0.05, when compared to Ic+Wo group.

suppression of mTOR phosphorylation decrea-
sed the number of intracellular autophago-
somes increased by treatment with wogonin
plus icotinib combination (Figure 5B). The sup-
pression of mTOR phosphorylation downregu-
lated the wogonin plus icotinib combination
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totic cells (Figure 6A and 6B)
and caspase 3 cleavage (Fig-
ure 6C). These results indicat-
ed that the suppression of
mTOR phosphorylation weak-
ened the effect of wogonin
and icotinib on cell autophagy
and apoptosis.

Discussion

Advanced NSCLC is the main
cause of cancer-related mor-
tality. EGFR-TKIs are currently
recommended as the stand-
ard first-line treatment for ad-
vanced NSCLC patients har-
bouring EGFR active muta-
tion. However, about 60% of
the patients unfortunately de-
velop resistance to EGFR-TKIs
after a favourable response
for 9-13 months on average
[16, 17]. To overcome acquir-
ed resistance to EGFR-TKIs,
new strategies employing bio-
logically synergistic combina-
tions are needed. Until devel-
opment of a successful treat-
ment strategy to overcome
the acquired resistance, only
few treatment options are
currently available. Some tra-
ditional Chinese medicines,
such as gambogic acid, were
shown to play a role in over-
coming acquired resistance
to EGFR-TKIs in a lung can-
cer cell line harbouring EGFR
T790M mutations, NCI-H19-
75 [18]. Therefore, the pre-
sent study firstly investigated
the role of wogonin in overcoming acquired re-
sistance to EGFR-TKIs in NCI-H1975 cell line.
The EGFR-TKI used in this study was icotinib,
which is the first self-developed small molecu-
lar drug for targeted therapy of lung cancer in
China [18].

Int J Clin Exp Med 2017;10(5):7553-7562
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Wogonin was shown to potentiate the cisplatin-
induced apoptosis and suppress migration and
proliferation of lung cancer cells [19-21], which
suggested that it has effective antitumor ac-
tivities. The present study also demonstrated
that treatment with wogonin alone could inhibit
cell proliferation and induce apoptosis in NCI-
H1975 cell line, indicating its antitumor activity.
Furthermore, the combination of wogonin with
icotinib had a synergistic effect on the inhibi-
tion of cell proliferation. For example, treatment
with 20 nM icotinib alone produced less than
10% inhibition, but all combinations of 20 nM
icotinib with different concentrations of wogo-
nin produced more than 20% inhibition. In addi-
tion, the combination of wogonin with icotinib
significantly enhanced the effect on apoptosis
and autophagy. These results suggested that
wogonin could enhance the inhibitory effects of
icotinib in EGFR T790M-mutated lung cancer
in vivo. Moreover, wogonin might play a role in
overcoming acquired resistance to EGFR-TKIs
in EGFR T790M-mutated lung cancers, which
could be further add value to the antitumor role
of wogonin in lung cancer cells.

Autophagy is the natural, regulated, destructive
mechanism of the cell that disassembles un-
necessary or dysfunctional components [22]. It
plays double role in cancers by either contribut-
ing to cancer or acting as tumour suppressor
[23]. Results of the present study showed that
the combination of wogonin with icotinib acti-
vated autophagy and increased the rate of apo-
ptosis in NCI-H1975 cells. Therefore, we sug-
gest that combination of wogonin with icotinib
increases apoptosis by activating autophagy. It
was further based on the following results. The
combination of wogonin with icotinib increased
phosphorylation level of mTORC1 (mammalian
or mechanistic target of rapamycin complex 1),
a protein kinase mTOR, which is the classical
regulator of autophagy [24, 25]. In contrast, in-
hibition of autophagy through autophagy inhibi-
tor 3-MA could weaken the effect of wogonin
plus icotinib combination treatment on apop-
tosis. These results indicated that autophagy
acted as a tumour suppressor in overcoming
acquired resistance to EGFR-TKI icotinib in NCI-
H1975 cell line.

In conclusion, results of the present study sh-
owed that the combination of wogonin with ico-
tinib could enhance the inhibitory activity of ico-
tinib on cell proliferation, apoptosis, and au-
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tophagy. This shows that wogonin might play a
role in overcoming acquired resistance to EGFR-
TKls in EGFR T790M-mutated lung cancer, in
which autophagy acted as tumour suppressor.

Acknowledgements

We thank Dr. Gui Wang (Jinan University, Gu-
angzhou, China) for his professional advice in
paper revise. This study is supported by Na-
tural Science Foundation of Chongging (cstc-
2013jcyjA10045, cstc2016jcyjA0144), China
Postdoctoral Science Foundation (2013M54-
0699) and Health Bureau of Chongqging (2013-
1-042).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yongzhong Wu, De-
partment of Radiotherapy, Chongging Cancer Insti-
tute, 181 Hanyu Road, Shapingba District, Chong-
ging 400030, China. E-mail: 676881521@qq.com;
Dr. Weiqgi Nian, Chongging Key Laboratory of Trans-
lational Research for Cancer Metastasis and Indi-
vidualized Treatment, Chongging Cancer Institute,
181 Hanyu Road, Shapingba District, Chongging
400030, China. E-mail: nwgq_one@126.com

References

[1] Chen W, Zheng R, Zeng H, Zhang S and He J.
Annual report on status of cancer in China,
2011. Chin J Cancer Res 2015; 27: 2-12.

[2] Siegel R, Naishadham D and Jemal A. Cancer
statistics, 2012. CA Cancer J Clin 2012; 62:
10-29.

[3] Huang L and Fu L. Mechanisms of resistance
to EGFR tyrosine kinase inhibitors. Acta Pharm
Sin B 2015; 5: 390-401.

[4] Janjigian YY, Azzoli CG, Krug LM, Pereira LK,
Rizvi NA, Pietanza MC, Kris MG, Ginsberg MS,
Pao W, Miller VA and Riely GJ. Phase I/Il trial of
cetuximab and erlotinib in patients with lung
adenocarcinoma and acquired resistance to
erlotinib. Clin Cancer Res 2011; 17: 2521-
25217.

[5] Johnson ML, Riely GJ, Rizvi NA, Azzoli CG, Kris
MG, Sima CS, Ginsberg MS, Pao W and Miller
VA. Phase Il trial of dasatinib for patients with
acquired resistance to treatment with the epi-
dermal growth factor receptor tyrosine kinase
inhibitors erlotinib or gefitinib. J Thorac Oncol
2011; 6: 1128-1131.

[6] Riely GJ, Kris MG, Zhao B, Akhurst T, Milton DT,
Moore E, Tyson L, Pao W, Rizvi NA, Schwartz LH
and Miller VA. Prospective assessment of dis-

Int J Clin Exp Med 2017;10(5):7553-7562


mailto:676881521@qq.com
mailto:nwq_one@126.com

Combination of icotinib and wogonin overcome acquired resistance in lung cancer

(7]

(8]

(9]

(10]

(11]

(12]

[13]

(14]

[15]

continuation and reinitiation of erlotinib or ge-
fitinib in patients with acquired resistance to
erlotinib or gefitinib followed by the addition of
everolimus. Clin Cancer Res 2007; 13: 5150-
5155.

Sequist LV, Gettinger S, Senzer NN, Martins
RG, Janne PA, Lilenbaum R, Gray JE, lafrate AJ,
Katayama R, Hafeez N, Sweeney J, Walker JR,
Fritz C, Ross RW, Grayzel D, Engelman JA,
Borger DR, Paez G and Natale R. Activity of IPI-
504, a novel heat-shock protein 90 inhibitor, in
patients with molecularly defined non-small-
cell lung cancer. J Clin Oncol 2010; 28: 4953-
4960.

Zhao K, Wei L, Hui H, Dai Q, You QD, Guo QL
and Lu N. Wogonin suppresses melanoma cell
B16-F10 invasion and migration by inhibiting
Ras-medicated pathways. PLoS One 2014; 9:
e106458.

Ge W, Yin Q and Xian H. Wogonin induced mito-
chondrial dysfunction and endoplasmic reticu-
lum stress in human malignant neuroblastoma
cells via IRElalpha-dependent pathway. J Mol
Neurosci 2015; 56: 652-662.

Hu C, Xu M, Qin R, Chen W and Xu X. Wogonin
induces apoptosis and endoplasmic reticulum
stress in HL-60 leukemia cells through inhibi-
tion of the PI3K-AKT signaling pathway. Oncol
Rep 2015; 33: 3146-3154.

Yang L, Zhang HW, HU R, Yang Y, Qi Q, Lu N, Liu
W, Chu YY, You QD and Guo QL. Wogonin in-
duces G1 phase arrest through inhibiting Cdk4
and cyclin D1 concomitant with an elevation in
p21Cip1 in human cervical carcinoma Hela
cells. Biochem Cell Biol 2009; 87: 933-942.
Zhang HW, Yang Y, Zhang K, Qiang L, Yang
L, Yang L, Hu Y, Wang XT, You QD and Guo
QL. Wogonin induced differentiation and G1
phase arrest of human U-937 leukemia cells
via PKCdelta phosphorylation. Eur J Pharma-
col 2008; 591: 7-12.

Fu P, Du F, Liu Y, Hong Y, Yao M and Zheng S.
Wogonin increases doxorubicin sensitivity by
down-regulation of IGF-1R/AKT signaling path-
way in human breast cancer. Cell Mol Biol
(Noisy-le-grand) 2015; 61: 123-127.

Kim EH, Jang H, Shin D, Baek SH and Roh JL.
Targeting Nrf2 with wogonin overcomes cispla-
tin resistance in head and neck cancer. Apop-
tosis 2016; 21: 1265-1278.

Xue ZX, Wen WX, Zhuang Y, Hua ZJ and Xia YN.
Comparison of the efficacy of icotinib in pa-
tients with non-small-cell lung cancer accord-
ing to the type of epidermal growth factor re-
ceptor mutation. Mol Clin Oncol 2016; 5: 265-
268.

7562

(16]

[17]

(18]

(19]

[20]

[22]

(23]

(24]

[25]

Wu YL, Zhou C, Liam CK, Wu G, Liu X, Zhong Z,
Lu S, Cheng Y, Han B, Chen L, Huang C, Qin S,
Zhu Y, Pan H, Liang H, Li E, Jiang G, How SH,
Fernando MC, Zhang Y, Xia F and Zuo Y. First-
line erlotinib versus gemcitabine/cisplatin in
patients with advanced EGFR mutation-posi-
tive non-small-cell lung cancer: analyses from
the phase lll, randomized, open-label, ENSURE
study. Ann Oncol 2015; 26: 1883-1889.

Chen Q, Quan Q, Ding L, Hong X, Zhou N, Liang
Y and Wu H. Continuation of epidermal growth
factor receptor tyrosine kinase inhibitor treat-
ment prolongs disease control in non-small-
cell lung cancers with acquired resistance to
EGFR tyrosine kinase inhibitors. Oncotarget
2015; 6: 24904-24911.

Wang C, Wang W, Wang C, Tang Y and Tian H.
Combined therapy with EGFR TKI and gambog-
ic acid for overcoming resistance in EGFR-
T790M mutant lung cancer. Oncol Lett 2015;
10: 2063-2066.

He F, Wang Q, Zheng XL, Yan JQ, Yang L, Sun
H, Hu LN, Lin Y and Wang X. Wogonin poten-
tiates cisplatin-induced cancer cell apoptosis
through accumulation of intracellular reactive
oxygen species. Oncol Rep 2012; 28: 601-
605.

Zhao'Y, Yao J, Wu XP, Zhao L, Zhou YX, Zhang,
You QD, Guo QL and Lu N. Wogonin suppress-
es human alveolar adenocarcinoma cell A549
migration in inflammatory microenvironment
by modulating the IL.-6/STAT3 signaling path-
way. Mol Carcinog 2015; 54 Suppl 1: E81-93.

Chen XM, Bai Y, Zhong YJ, Xie XL, Long HW,
Yang YY, Wu SG, Jia Q and Wang XH. Wogonin
has multiple anti-cancer effects by regulating
c-Myc/SKP2/Fbw7alpha and HDAC1/HDAC2
pathways and inducing apoptosis in human
lung adenocarcinoma cell line A549. PLoS One
2013; 8: €79201.

Klionsky DJ. Autophagy revisited: a conversa-
tion with Christian de Duve. Autophagy 2008;
4: 740-743.

Yang ZJ, Chee CE, Huang S and Sinicrope FA.
The role of autophagy in cancer: therapeutic
implications. Mol Cancer Ther 2011; 10: 1533-
1541.

Laplante M and Sabatini DM. mTOR signaling
in growth control and disease. Cell 2012; 149:
274-293.

Scott RC, Schuldiner O and Neufeld TP. Role
and regulation of starvation-induced autopha-
gy in the Drosophila fat body. Dev Cell 2004; 7:
167-178.

Int J Clin Exp Med 2017;10(5):7553-7562



