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Background: Gefitinib-resistance is a primary obstacle for the treatment of non-small-cell lung

cancer (NSCLC). It has been shown that tanshinone IIA (Tan IIA) could induce apoptosis of

NSCLC cells. However, the role of combination of gefitinib with Tan IIA on gefitinib-resistance

NSCLC cells remains unclear. Thus, this study aimed to investigate the role of combination on

the proliferation, apoptosis and invasion of gefitinib-resistance NSCLC cells.

Methods: CCK-8, flow cytometric and transwell assays were applied to detect proliferation,

apoptosis and invasion in gefitinib-resistance NSCLC cells, respectively. In addition, Western

blotting assay was used to detect the expressions of p-EGFR, p-VEGFR2, and p-Akt in

HCC827/gefitinib cells.

Results: In this study, Tan IIA enhanced the cytotoxic effect of gefitinib in gefitinib-

resistance NSCLC cells. In addition, the inhibitory effects of gefitinib on the proliferation,

migration and invasion of gefitinib-resistance NSCLC cells were enhanced in the presence of

Tan IIA. Moreover, Tan IIA enhanced the pro-apoptotic effect of gefitinib in gefitinib-

resistance NSCLC cells via increasing the level of cleaved caspase 3. Meanwhile, Tan IIA

enhanced the sensitivity of HCC827/gefitinib cells to gefitinib via downregulation of the

VEGFR2/Akt pathway. In vivo experiments further confirmed that combination of gefitinib

with Tan IIA inhibited tumor growth in mouse xenograft model of HCC827/gefitinib.

Conclusion: We found that Tan IIA could enhance gefitinib sensitivity in gefitinib-resis-

tance NSCLC cells. Therefore, combination of gefitinib with Tan IIA might be considered as

a therapeutic approach for the treatment of gefitinib-resistant NSCLC.
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Introduction
Lung cancer is the most common malignancy and the primary cause of cancer-

related death.1 Non-small cell lung carcinoma (NSCLC) comprises nearly 85% of

all lung cancers.2,3 About 65% of patients with NSCLC were aggravated to

advanced stage at the first diagnosis, which has been reported to show a poor

prognosis with 1-year survival rate of only 30% to 40% after surgery.4 Recent

years, surgical resection, radiotherapy and chemotherapy have been achieved pro-

mising benefit for patients with NSCLC.1,5,6 However, the prognosis of patients

with NSCLC remains unsatisfactory due to the aggressiveness and metastasis of

NSCLC.7 Thus, explore new treatment options for NSCLC are extremely necessary.

Gefitinib, an orally, epidermal growth factor receptor (EGFR) tyrosine kinase

inhibitor, which could effectively inhibit the metastasis of NSCLC.8 Recently, it has
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been shown that some anti-tumor drugs, such as gefitinib and

bevacizumab, exhibited anti-tumor effect via targeting inhi-

bition of either the EGFR or vascular endothelial growth

factor receptor (VEGFR) signaling pathways.9 EGFR and

VEGFR signaling play important roles in tumor growth,

angiogenesis and metastasis.10 Inhibiting both EGFR and

VEGFR signaling might be a potential strategy for the treat-

ment of NSCLC. Previous studies have established the rela-

tionship between EGFR and VEGFR2 signaling: inhibition

of VEGFR2 signaling could enhance the anti-tumor effect of

EGFR inhibitors.11,12 Gefitinib are high-targeting and low-

toxicity in advanced patients with NSCLC.13 It has been

shown that gefitinib plays an important role in delaying

NSCLC recurrence.14 Unfortunately, drug resistance was

also accompanied, which severely weakened the clinical

effectiveness of gefitinib.15 Recently, the bioactive compo-

nents in traditional Chinese medicine (TCM) have been

found to exhibit synergistically anti-tumor effect against

NSCLC when combined with gefitinib.16 Thus, combination

of TCMwith gefitinib might be a potential therapeutic option

for the treatment of NSCLC.

Tanshinone IIA (Tan IIA) is a lipophilic components deriv-

ing from the roots of Chinese herbs medicine Salvia miltior-

rhiza Bunge.17 Tan IIA has been found to possess a number of

biological activities, such as anti-inflammation, anti-oxidant

and anti-tumor activities.18–20 Liu et al found that Tan IIA

significantly inhibited the tumor growth of A549 human

NSCLC xenografts.21Meanwhile, Tan IIA could induce apop-

tosis in NSCLC cells via downregulation the level of p-Akt.22

However, the role of Tan IIA in gefitinib-resistanceof NSCLC

remains unknown. Therefore, this study aimed to investigate

the anti-tumor effects of combination of gefitinib with Tan IIA

in gefitinib-resistant human NSCLC cells.

Materials And Methods
Cell Culture
The NSCLC cell lines HCC827 and PC-9 were purchased

from American Type Culture Collection (ATCC, Rockville,

MD, USA). Two gefitinib-resistant cell lines (HCC827/

gefitinib and PC-9/gefitinib) were established by continuous

exposure of NSCLC cells to a stepwise gradually concen-

tration of gefitinib for more than 7 months. The NSCLC

cells were cultured in Dulbecco’s modified Eagle’s medium

(DMEM, Thermo Fisher Scientific, Waltham, MA, USA)

supplemented with 10% heat-inactivated fetal bovine serum

(FBS, Thermo Fisher Scientific) and 1% penicillin-strepto-

mycin at 37°C in a humidified atmosphere of 5% CO2.

Gefitinib (cat. no. SML 1657) and Tan IIA (cat. no.

T4952) were obtained from Sigma Aldrich (St. Louis,

MO, USA).

CCK-8 Assay
The cell viability was detected by using the Cell Counting Kit-

8 (CCK-8) kit (Dojindo, Kumamoto, Japan) following the

protocol. HCC827, PC-9, HCC827/gefitinib or PC-9/gefitinib

cells (5×103 cell per well) were plated onto 96-well plates

overnight at 37°C. After that, the culture medium was

removed and the cells were treated with different concentra-

tions of Tan IIA (0, 1, 2, 4, 8 or 16 μM) or gefitinib (0, 5, 10,

20, 40, 80, 160 or 320 nM) for 72 hrs at 37°C. Then, 10 μL
CCK-8 reagent was added into each well and incubated for

another 2 hrs. Later on, a microplate reader (Bio-Tek

Instruments Inc., Winooski, VT, USA) was used to measure

the optical density (OD) of each well at 450 nm.

Combination Studies
The combination index (CI) was used to calculate the drug

combination studies by using Chou–Talalay method.23

HCC827/gefitinib or PC-9/gefitinib cells were exposed to

solutions containing 0, 10, 20, 40, 80, 160 or 320 nM

gefitinib combined with Tan IIA (2 μM). The CI value

for the combination of gefitinib and TanIIA in NSCLC can

be described as CI=DA/ICx,A+DB/ICx,B.24

Colony Formation Assay
HCC827/gefitinib cells (5 × 103 cells/well) were plated into

6-well plates overnight at 37°C. After that, cells were treated

with gefitinib (40 nM) or/and Tan IIA (2 μM) for another 3

days at 37°C. Later on, cells were stained with methylene

blue solution at room temperature for 1 hr. Then, 6-well

plates were photographed using an Olympus IX71 fluores-

cence microscope (Olympus, Tokyo, Japan) and the number

of cell colonies was counted.

Immunofluorescence
HCC827/gefitinib or PC-9/gefitinib cells (5 × 103 cells/well)

were plated into 6-well plates overnight at 37°C. After that,

the cells were treated with gefitinib or/and Tan IIA for 48 hrs

at 37°C. Later on, the cells were fixed with 4% formaldehyde

for 10 mins at room temperature, and then blocked with 5%

BSA for 30 mins at room temperature. After that, the cells

were incubated with primary antibody against Ki67 (Santa

Cruz Biotechnology, CA, USA) overnight at 4°C. After

washing with PBS three times, the cells were incubated

with goat anti-rabbit secondary antibody (Santa Cruz) at
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37°C for 1 hr. Later on, cell nuclei were stained with DAPI

(Abcam Cambridge, MA, USA) for 5 mins. Images were

captured using an Olympus IX71 fluorescence microscope.

Flow Cytometry Assay
Cell apoptosis analysis in gefitinib-resistant NSCLC cells

was carried out using an Annexin V-FITC apoptosis detec-

tion kit (Thermo Fisher Scientific). HCC827/gefitinib cells

were washed three times with pre-cold PBS, the cells were

then stained with Annexin V-FITC and propidium iodide (PI,

Thermo Fisher Scientific) for 20 mins in the dark. The

apoptotic cells were counted using a FACS Calibur flow

cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Western Blot Assay
Cells were lysed using RIPA Lysis Buffer (Thermo Fisher

Scientific) at 4°C. Proteins (30 μg per lane) were separated

on 10% SDS-PAGE gel, and then transferred onto a polyvi-

nylidene fluoridemembrane (PVDF;Millipore, Billerica,MA,

USA). Following this, the membrane was blocked with 5%

non-fat milk for 1 hr at room temperature. Later on, the

membrane was incubated with primary antibodies overnight

at 4°C. Anti-cleaved caspase 3 (1:1000, Abcam Cambridge,

MA, USA), anti-p-EGFR (1:1000, Abcam), anti-EGFR

(1:1000, Abcam), anti-p-VEGFR2 (1:1000, Abcam), anti-

VEGFR2 (1:1000, Abcam), anti-p-Akt (1:1000, Abcam),

anti-Akt (1:1000, Abcam), anti-β-actin (1:1000, Abcam).

After that, the membranes were incubated with HRP-goat

anti-rabbit secondary antibody (1: 5000, Abcam) for 1 hr at

room temperature. Enhanced chemiluminescence detection

reagent (Tanon, Shanghai, China) was used to visualize the

signal strength of the bands.

Transwell Assay
Cell migration and cell invasion assays were conducted using

transwell chambers (Corning New York, NY, USA).

HCC827/gefitinib or PC-9/gefitinib cells (3×104 cells in

200 μL serum-free medium) were seed onto the upper

Transwell chambers. Then, 600 μL of DMEM containing

20% FBS was then added into the lower chambers. Twenty-

four hours later, the non-migratory or non-invaded cells were

swabbed by a cotton bud. The migratory or invaded cells on

the lower membrane surface were fixed with 4% paraformal-

dehyde for 15 mins. After that, the cells on the lower mem-

brane surface were stained with 0.1% crystal violet for 20

mins. Five random fields were captured and counted under a

fluorescence microscope. For transwell invasion assay,

transwell chambers were pre-covered with Matrigel (BD

Bioscience) before the experiments.

Animal Study
Male BALB/c nude mice (n = 16, 4–6 weeks, 18–20 g) were

obtained from Shanghai SLAC Laboratory Animal Co. Ltd.,

(Shanghai, China) in accordance with the Institutional

Animal Care and Use Committee (IACUC) guidelines.

HCC827/gefitinib cells (5 × 106 cells) were suspended in

50 μL of PBS, and injected subcutaneously into the right

flanks of nude mice. When the tumor volume reached about

200 mm3, the mice were randomized into four groups:

Vehicle group, 150 mg/kg gefitinib group, 20 mg/kg Tan

IIA group, and gefitinib + Tan IIA group. Tumor formation

was measured with vernier caliper once a week. Tumor

volume was calculated by the formula: Volume (mm3) =

(Length × Width2)/2. After 3 weeks, animals were sacrificed

under anesthesia by following the recommended procedures

of National Institutes of Health guide for the care and use of

laboratory animals. All the experiments were approved by

the Animal Experimental Ethics Committee of the Third

Affiliated Hospital of Chongqing Medical University.

Statistical Analysis
GraphPad Prism 7 (GraphPad Software, Inc., La Jolla, CA,

USA) was performed for statistical analysis. Data were

represented as mean ± standard deviation (SD). All experi-

ments were repeated at least in three times. The compar-

isons among multiple groups were made with one-way

analysis of variance (ANOVA) followed by Tukey’s test.

P<0.05 was accepted as a statistically significant difference.

Results
Tan IIA Enhances The Cytotoxic Effect Of

Gefitinib In Gefitinib-Resistance NSCLC

Cells
The chemical structure of Tan IIAwas indicated in Figure 1A.

To compare the viability rate between the gefitinib-sensitive

and gefitinib-resistance NSCLC cells, HCC827, HCC827/

gefitinib cells, and PC-9, PC-9/gefitinib cells were cultured

in medium containing with different concentrations of gefiti-

nib for 72 hrs. As shown in Figure 1B and C, the viability of

HCC827 and PC-9 cells was markedly lower than those of

HCC827/gefitinib and PC-9/gefitinib cells, respectively. In

addition, 2 μM Tan IIA slightly inhibited the proliferation of

HCC827/gefitinib and PC-9/gefitinib cells, and exhibited

about 18% and 17% growth inhibition, respectively
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(Figure 1D). CCK-8 assay was further used to investigate the

role of combination of gefitinib and Tan IIA on proliferation of

gefitinib-resistance NSCLC cells. The cell viability in

HCC827 cells showed no significant differences between the

gefitinib treatment group and combination treatment group

(Supplementary Figure 1A). However, as indicated in

Figure 1E and F, combined gefitinib with Tan IIA significantly

inhibited the viability of HCC827/gefitinib and PC-9/gefitinib

cells, compared with gefitinib treatment group.

Furthermore, as shown in Table 1, IC50 value of gefitinib

(alone treatment) was 172.20 nM and 167.00 nM in HCC827/

gefitinib and PC-9/gefitinib cells, respectively. However, when

gefitinib was combined with Tan IIA (2 μM), the IC50 value

of gefitinib was decreased to 43.37 nM and 75.77 nM, respec-

tively. In addition, the CI value of gefitinib combined with Tan

IIA in HCC827/gefitinib cells was less than 0.6, which indi-

cated the synergism effect (Table 1).Moreover, the CI value of

gefitinib combinedwith Tan IIA in PC9/gefitinib cells was less

than 0.8, which indicated the moderate synergism effect

(Table 1). These results suggested that combination of gefitinib

with Tan IIA synergistically inhibited the proliferation of

gefitinib-resistant NSCLC cells.

In particular, 2 μM Tan IIA combined with 40 nM

gefitinib significantly inhibited the proliferation of

HCC827/gefitinib and PC-9/gefitinib cells, and exhibited

about 47% and 37% growth inhibition in HCC827/gefitinib

and PC-9/gefitinib cells, respectively. Therefore, 40 nM

gefitinib were utilized in the following experiments. These

data indicated that Tan IIA could enhance the cytotoxic

effect of gefitinib in gefitinib-resistant NSCLC cells.

Figure 1 Tan IIA enhances the cytotoxic effect of gefitinib in gefitinib-resistance NSCLC cells. (A) The chemical structure of Tan IIA. (B) CCK-8 assay was used to detect

the viability of NSCLC cells. HCC827 or HCC827/gefitinib cells were treated with 0, 5, 10, 20, 40, 80, 160 or 320 nM gefitinib for 72 hrs, respectively. (C) PC-9, PC-9/

gefitinib cells were treated with 0, 5, 10, 20, 40, 80, 160 or 320 nM gefitinib for 72 hrs, respectively. (D) HCC827/gefitinib or PC-9/gefitinib cells were treated with 0, 1, 2, 4,

6, 8 or 16 μM Tan IIA for 72 hrs, respectively. (E) HCC827/gefitinib cells were treated with 40 nM OXA, or 40 nM OXA plus 2 μM Tan IIA for 72 hrs. (F) PC-9/gefitinib cells

were treated with 40 nM OXA, or 40 nM OXA plus 2 μM Tan IIA for 72 hrs.

Table 1 Evaluation Of Combination Of Gefitinib With Tan IIA In Gefitinib-Resistant NSCLC Cells (72 HRS treatment)

Drug Combination HCC827/Gefitinib PC-9/Gefitinib

IC 50 Value Of Gefitinib CI Values IC 50 Value Of Gefitinib CI Values

Gefitinib (range 0 from 320 nM) IC50 = 172.20 ± 1.21 nM - IC50 = 167.00 ± 1.12 nM -

Gefitinib + 2 µM Tan IIA IC50 = 42.37 ± 1.82 nM 0.45 IC50 = 75.77 ± 1.12 nM 0.66
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Tan IIA Enhances The Anti-Proliferation

Effect Of Gefitinib In Gefitinib-Resistant

NSCLC Cells
To investigate the role of Tan IIA and gefitinib on the prolif-

eration of gefitinib-resistant NSCLC cells, colony formation

and Ki67 immunofluorescence staining assays were used. As

indicated in Figure 2A–D, gefitinib significantly inhibited the

proliferation of HCC827/gefitinib cells, compared with the

control group. As expected, Tan IIA markedly enhanced the

anti-proliferation effect of gefitinib on HCC827/gefitinib cells.

In addition, the anti-proliferation effect of Tan IIA combined

with gefitinib was confirmed by testing PC9/gefitinib cells

(Supplementary Figure 2A and B). These data indicated that

Tan IIA could enhance the anti-proliferation effect of gefitinib

in gefitinib-resistant NSCLC cells.

Tan IIA Enhances The Pro-Apoptotic

Effect Of Gefitinib In Gefitinib-Resistant

NSCLC Cells
Next, the effect of Tan IIA combined with gefitinib on cell

apoptosis was detected with flow cytometric assay. As shown

in Figure 3A and B, Supplementary Figure 3A and B, treat-

ment of HCC827/gefitinib and PC9/gefitinib cells with gefiti-

nib or Tan IIA alone significantly induced cell apoptosis

compared with the control group. As expected, combination

of gefitinib with Tan IIA induced a substantial fraction of

apoptosis in gefitinib-resistant NSCLC cells, compared with

gefitinib treatment group. In addition, gefitinib markedly

increased the levels of cleaved caspase 3 in HCC827/gefitinib

and PC9/gefitinib cells, which were further enhanced in the

presence of Tan IIA (Figure 3C and D, Supplementary

Figure 2 Tan IIA enhances the anti-proliferation effect of gefitinib in HCC827/gefitinib cells. (A, B) HCC827/gefitinib cells were treated with 40 nM OXA or/and 2 μM Tan

IIA for 72 hrs. Colony formation assay was used to detect the colony formation of HCC827/gefitinib cells. (C, D) HCC827/gefitinib cells were treated with 40 nM OXA or/

and 2 μM Tan IIA for 48 hrs. Relative fluorescence expression levels were quantified by Ki67 and DAPI staining. *P<0.05, **P<0.01 compared with control group; ##P<0.01

compared with 40 nM gefitinib group.
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Figure 3C and D). These results indicated that Tan IIA could

enhance the pro-apoptotic effect of gefitinib in gefitinib-resis-

tant NSCLC cells.

Tan IIA Enhances The Inhibitory Effects Of

Gefitinib On The Migration And Invasion

Of Gefitinib-Resistant NSCLC Cells
To further assess the role of Tan IIA and gefitinib on the

migration and invasion of HCC827/gefitinib cells, transwell

migration and invasion assays were applied. As indicated in

Figure 4A and B, Supplementary Figure 4A and B, gefitinib

significantly inhibited the migration abilities of HCC827/gefi-

tinib and PC9/gefitinib cells, which were further decreased in

the presence of Tan IIA. In addition, combination of gefitinib

with Tan IIA markedly inhibited the invasion ability of gefiti-

nib-resistant NSCLC cells, compared with gefitinib treatment

group (Figure 4C and D, Supplementary Figure 4C and D).

These data suggested that Tan IIA could enhance the inhibi-

tory effects of gefitinib on the migration and invasion of

gefitinib-resistant NSCLC cells.
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Tan IIA Enhances The Sensitivity Of

HCC827/Gefitinib Cells To Gefitinib By

Regulation Of VEGFR2/Akt Pathway
To assess the mechanism by which Tan IIA regulates gefi-

tinib-resistance in NSCLC, the expressions of p-EGFR,

p-VEGFR2 and p-Akt were measured by Western blotting

assay. As indicated in Figure 5A and B, gefitinib markedly

decreased the level of p-EGFR, while Tan IIA had no

effects on the expression of p-EGFR in HCC827/gefitinib

cells. As expected, combination of gefitinib and Tan IIA

obviously downregulated the level of p-EGFR in HCC827/

gefitinib cells, which was reversed in the presence of VEGF

(Figure 5A and B). In addition, gefitinib or Tan IIA sig-

nificantly decreased the expressions of p-VEGFR2 and

p-Akt in HCC827/gefitinib cells, which were further

enhanced by combination treatment. However, the situa-

tions were markedly reversed in the presence of VEGF

(Figure 5A, C and D). These results illustrated that Tan

IIA could enhance the sensitivity of HCC827/gefitinib cells

to gefitinib by downregulation of the VEGFR/Akt pathway.
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Tan IIA Enhances The Sensitivity Of

HCC827/Gefitinib Cells To Gefitinib In Vivo
Previous data indicated that Tan IIA could reverse gefitinib-

resistance in gefitinib-resistant NSCLC cells in vitro, then we

further investigate the effect of Tan IIA combined with

gefitinib in mouse xenograft model of HCC827/gefitinib.

As shown in Figure 6A–C, gefitinib treatment had very

limited effect on tumor volume and tumor weight.

Meanwhile, Tan IIA treatment slightly inhibited the tumor

volume and tumor weight. As expected, combination of

gefitinib with Tan IIA significantly decreased the tumor

volume and tumor weight, compared with gefitinib treatment
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Figure 5 Tan IIA enhances the sensitivity of HCC827/gefitinib cells to gefitinib by regulation of VEGFR/Akt pathway. HCC827/gefitinib cells were treated with 40 nM OXA

or/and 2 μM Tan IIA, or OXA + Tan IIA + VEGF for 72 hrs. (A) Expression levels of p-EGFR, p-VEGFR2 and p-Akt in HCC827/gefitinib cells were detected with Western

blotting. β-actin was used as an internal control. (B–D) The relative expressions of p-EGFR, p-VEGFR2 and p-Akt in HCC827/gefitinib cells were quantified via normalization
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group (Figure 6A–C). In addition, gefitinib significantly

decreased the expression of p-EGFR in tumor tissues

(Figure 6D and E). Meanwhile, gefitinib had no effects on

the expressions of p-VEGFR and p-Akt in tumor tissues,

whereas the levels of p-VEGFR and p-Akt were markedly

decreased in the presence of Tan IIA (Figure 6D, F and G).

These results illustrated that combination of gefitinib with

Tan IIA could inhibit tumorigenesis in HCC827/gefitinib

xenograft by downregulation of the VEGFR/Akt pathway.

Discussion
Gefitinib, an EGFR-targeted tyrosine kinase inhibitor, has

been used as a first-line drug for NSCLC.25 However,

drug resistance is a primary obstacle in the response of

NSCLC patients to gefitinib.26 Previous study indicated

that finding new combinations of drugs might be a poten-

tial method to eliminate chemoresistance.27,28 In order to

find a new therapy to enhance the sensitivity of NSCLC

cells to gefitinib, gefitinib-resistant human NSCLC cells

were used.

It has been shown that Tan IIA could enhance the

sensitivity of cancer cells to chemotherapeutic drugs,

such as doxorubicin, cisplatin.29,30 Li et al found that

Tan IIA could reverse doxorubicin resistance in doxorubi-

cin-resistant breast cancer cells.31 Meanwhile, Tan IIA

enhanced the sensitivity of lung cancers to cyclophospha-

mide via inducing apoptosis.32 In this study, we found that

the inhibitory effects of gefitinib on the proliferation,

migration and invasion of gefitinib-resistant NSCLC cells

were enhanced in the presence of Tan IIA through indu-

cing apoptosis. Chen et al indicated that combination of

curcumin with gefitinib significantly induced apoptosis in

gefitinib-resistant NSCLC cells, which was consistent with

our studies.33 For the first time, we found that Tan IIA

could reverse gefitinib-resistance in NSCLC. However, the

mechanism underlying the chemo-preventive effect of Tan

IIA has not been entirely illustrated.

It has been shown that gefitinib exhibited an inhibitory

role on EGFR phosphorylation in NSCLC.34 In this study,

gefitinib markedly decreased the level of p-EGFR, while

Tan IIA had no effects on the phosphorylation level of

Tu
m

or
 v

ol
um

e 
(m

m
3 )

Contro
l

15
0 m

g/kg
 G

efi
tin

ib

20
 m

g/kg
 Tan

 IIA
0.0

0.2

0.4

0.6

0.8

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

*

p-Akt

Veh
icl

e

15
0 mg/kg

 G
efi

tin
ib

20
 m

g/kg
 Tan

 IIA

Gefi
tin

ib
+ T

an
 IIA

0.0

0.2

0.4

0.6

0.8

1.0

Tu
m

or
 w

ei
gh

ts
 (g

)

**
##

*
A B C

Vehicle

150 mg/kg 
Gefitinib

20 mg/kg
Tan IIA

Gefitinib
+ Tan IIA

D

p-Akt

Akt

β-actin

p-EGFR

EGFR

p-VEGFR2

VEGFR2

E F G

Contro
l 

15
0 m

g/kg
 G

efi
tin

ib

20
 m

g/kg
Ta

n IIA

Gefi
tin

ib + 
Ta

n IIA
 

0.0

0.2

0.4

0.6

0.8
R

el
at

iv
e 

pr
ot

ei
n 

ex
pr

es
si

on

**

p-EGFR

**

Contro
l 

15
0 m

g/kg
Gefi

tin
ib

20
mg/kg

Ta
n IIA

Gefi
tin

ib
+ T

an
 IIA

0.0

0.2

0.4

0.6

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

**

p-VEGFR2

**## **
##

0 1 2 3
0

200

400

600

800

1000

Treatment time (week)

Vehicle
150mg/kgGefitinib
20mg/kgTanIIA
Gefitinib+TanIIA *

##**

Gefi
tin

ib
+ T

an
 IIA

Gefi
tin

ib
+ T

an
 IIA
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EGFR in gefitinib-resistant NSCLC cells. In addition, com-

bination treatment had no effects on the phosphorylation

level of EGFR in gefitinib-resistant NSCLC cells as well,

compared with gefitinib treatment group. Therefore, we

speculated that EGFR signaling was not involved in com-

bination-induced apoptosis of gefitinib-resistant NSCLC

cells in vitro and in vivo.

Evidence indicated that VEGF, vascular endothelial

growth factor, could stimulate cell proliferation and inhibit

cell apoptosis in different cancer cells.35 It has been shown

that VEGF exerts its biological activity in endothelial cells

via combination with VEGFR2.35 Xie et al indicated that Tan

IIA could induce apoptosis of NSCLC cells via decreasing

VEGF/VEGFR2 expression.36 Su et al found that Tan IIA

inhibited the proliferation of gastric carcinoma cells by

downregulation the expression of VEGFR.37 Meanwhile,

apatinib could inhibit the proliferation of gefitinib-resistant

NSCLC cells by inhibiting VEGFR signaling pathway.38 In

the present study, our findings are in line with previous

studies, showing that gefitinib or Tan IIA significantly down-

regulated the phosphorylation level of VEGFR2 in HCC827/

gefitinib cells, which were further enhanced by combination

treatment. However, this situation was reversed by VEGF.

These data suggested that Tan IIA enhanced the sensitivity of

HCC827/gefitinib cells to gefitinib by downregulation of

VEGFR2, which could exhibit an anti-angiogenic activity

in gefitinib-resistant NSCLC cells.

Combination of VEGF and VEGFR2 could activate

Akt pathway in endothelial cells, contributing to the pro-

motion of cell proliferation.39 In this study, we found that

combination treatment obviously downregulated the phos-

phorylation level of Akt in HCC827/gefitinib cells.

Therefore, these data illustrated for the first time that

combination of gefitinib with Tan IIA inhibited the prolif-

eration of gefitinib-resistant NSCLC cells via inhibition of

VEGFR signaling pathway, then indirectly inhibiting

downstream Akt signaling pathway, thereby suppressing

the tumorigenesis of NSCLC.

Conclusion
Collectively, Tan IIA reversed gefitinib-resistance in gefi-

tinib-resistant NSCLC cells via inhibiting VEGFR/Akt

pathway. Therefore, gefitinib combined with Tan IIA

might be considered as a therapeutic approach for the

treatment of gefitinib-resistant NSCLC.
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