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Abstract. Epidermal growth factor receptor (EGFR) is one 
of the most promising targets for non-small cell lung cancer 
(NSCLC). Our study demonstrated the antitumor effects of 
icotinib hydrochloride, a highly selective epidermal growth 
factor receptor tyrosine kinase inhibitor (EGFR TKI), in two 
EGFR-mutated lung cancer cell lines compared to A549, a cell 
line without EGFR mutations. We incubated PC-9 and HCC827 
human lung cancer cell lines both with (E746-A750) mutations 
with various concentrations of icotinib and gefitinib for 48 h. 
Cell proliferation and migration were determined using a real-
time cell invasion and migration assay and cytotoxicity assay. 
Apoptosis was assessed by measuring Annexin V staining using 
flow cytometry. The antitumor effects of icotinib compared to 
gefitinib were similar and were most effective in reducing the 
proliferation of EGFR-mutated cells compared to non-mutated 
controls. Our results suggest the possibility of icotinib as a new 
therapeutic agent of EGFR-mutated cancer cells, which has the 
potential to be used in the first-line treatment of EGFR-mutated 
NSCLC.

Introduction

Lung cancer is the second most common cancer and continues to 
be the leading cause of cancer-related deaths worldwide. More 
than 85% of lung cancer cases are categorized as non-small cell 
lung cancer (NSCLC) (1). Traditionally, lung cancer has been 

treated with surgery, radiation and chemotherapy (2). The use 
of targeted therapies is increasing as the survival advantage for 
adjuvant chemotherapy is less than 5% with increased toxicity 
(3,4). Although chemotherapy has been the standard of care for 
NSCLC patients, current clinical efforts are directed at targeted 
agents to improve outcome and reduce toxicity (5). The most 
common targeted agents that are being used in the treatment 
of NSLC include those that target key components in cancer 
cell signaling, such as the vascular endothelial growth factor 
receptor (VEGFR), platelet-derived growth factor receptor 
(PDGFR), insulin-like growth factor receptor (IGF-IR) and the 
epidermal growth factor receptor (EGFR) (5).

Epidermal growth factor stimulates the growth of 
epidermal and epithelial cells and in conjunction with its trans-
membrane receptor kinase is involved in cell proliferation, cell 
survival, adhesion, migration and cellular differentiation (6). 
The EGFR family consists of four transmembrane receptors 
including EGFR (HER1/erbB-1), HER2 (erbB-2/neu), HER3 
(erbB-3) and HER4 (erbB-4) (6). Overexpression of EGFR 
and dysregulation of EGFR-mediated signaling pathways have 
been observed in tumors from more than 60% of the patients 
with metastatic NSCLC, contributing to tumorigenesis and 
leading to a poor prognosis (7).

Gefitinib (ZD1839, Iressa®, AstraZeneca) is an EGFR tyro-
sine kinase inhibitor (TKI) approved by the Food and Drug 
Administration (FDA) in 2003 for treatment of non-small cell 
lung cancer (NSCLC). Clinical and biological analysis reveal 
a close correlation between somatic mutations of EGFR and 
EGFR-TKI's therapeutic efficacy (8,9). In recent years, with 
the exception of gefitinib, many other EGFR-TKIs have been 
synthesized and evaluated for potential clinical activity (10-12). 
Recently, icontinib hydrochloride (BPI-2009H) has been used 
clinically in a phase I study to assess safety and efficacy in 
patients with advanced NSCLC and other solid tumors (13).

In this study, we evaluated the antitumor activity of a novel 
antitumor agent, icotinib hydrochloride {4-[(3-ethynylphenyl)
amino]-6,7-benzo-12-crown-4-quinazoline hydrochloride; 
BPI-2009H, Zhejiang Beta Pharma, Inc., Hangzhou, China} 
an EGFR tyrosine kinase inhibitor in two different EGFR-
mutated human lung carcinoma cell lines as compared to a 
NSLC cell line without EGFR-mutations, and investigated the 
possible mechanism of its antitumor properties.
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Materials and methods

Cell culture and identification. The human cancer cell lines 
HCC827 (human lung adenocarcinoma with an acquired 
mutation in the EGFR tyrosine kinase domain (E746-A750 
deletion) and A549 (human lung carcinoma, without muta-
tions in E746-A750 were purchased from American Type 
Culture Collection (ATCC). The PC-9 (human lung adeno-
carcinoma with acquired mutation in E746-A750 was a gift 
from Professor Caichun Zhou (Shanghai Jiaotong University, 
Affiliated Chest Hospital). Cells were cultured in RPMI-1640 
(PAA, Linz, Austria) medium or in DMEM (PAA) containing 
10% fetal bovine serum (Hyclone, Logan, UT, USA) at 37˚C 
in a 5% CO2, 95% air atmosphere. K-ras and EGFR mutations 
(exon 19, exon 21) in the extracted DNA of these three cell 
lines were examined using PCR-based direct sequencing assay 
(Takara Biotechnology Co., Ltd., Dalian, China).

Reagents and drug preparation. Icotinib hydrochloride 
(purity: 99%, verified by high performance liquid chroma-
tography) and gefitinib (purity: 99%; J&K-Chemical, Ltd., 
Beijing, China) were dissolved in dimethyl sulfoxide (Sigma-
Aldrich, St. Louis, MO, USA) and diluted in saline solution 
to various final concentrations. 7-AAD and Annexin V-FITC 
were purchased from BD Biosciences (Franklin Lakes, NJ, 
USA).

Cell proliferation analysis by real-time cell electronic sensing. 
Briefly, 50 µl of medium containing 10% FBS was added to 
96-well plates to obtain background readings followed by 
the addition of 100 µl of cell suspension containing an initial 
population of 5x104 PC-9, HCC827 and A549 cells. The 
E-plates containing the cells were allowed to incubate at room 
temperature for 30 min before being placed on the device 
station in the incubator for continuous recording of impedance 
as reflected by cell index (CI). The CI value was automati-
cally recorded once per 15 min. As the cells grew on top of the 
microelectrodes in the micro wells, the CI increased. The cells 
were allowed to attach and spread typically for 24 h to reach 
a stable baseline before the addition of particle suspension. 
The cells were incubated for 20-22 h when CI reached a range 
of 1.0-1.2, indicating about 60% cell confluence, and the old 
culture medium was aspirated from the cells. Subsequently, 
100 µl of treatment medium containing DMSO or different 
concentrations of gefitinib (20 nM to 20 µM) or icotinib (20 nM 
to 20 µM) were added to each well. The sensor devices were 
mounted back to the device station in the incubator, and the CI 
in each well was automatically determined and recorded by a 
real-time cell electronic sensing (RT-CES™) system (ACEA 
Biosciences, San Diego, CA, USA) every 15 min for 72 h. 
Calculation of the IC50 value was performed at the 72 h expo-
sure period using the real-time cell analyzer (RTCA) software.

Cell migration assay by real-time cell invasion and migra-
tion. HCC827 migration was measured using a real-time 
cell invasion and migration (RT-CIM) assay system (ACEA 
Biosciences). Cells (5x104/ml) were seeded in the upper 
chamber in basal medium containing 0.1% bovine serum 
albumin. The lower chamber contained various concentrations 
of gefitinib (25, 50 or 100 nM) or icotinib (25, 50 or 100 nM). 

Cell migration was monitored every 15 min for a period of 
24 h.

Detection of cell apoptosis by flow cytometric analysis. Cells 
were incubated in 6-well plates and treated with icotinib or gefi-
tinib at various concentrations for 48 h in a medium containing 
5% fetal calf serum (FCS). Harvested cells were washed twice 
and resuspended at a concentration of 1x106 cells/ml in binding 
buffer (pH 7.4, 10 mM HEPES/NaOH, 140 mM NaCl, 2.5 mM 
CaCl2). Next, cells were double-stained with Annexin V-FITC 
and 7-AAD for at 15 min at room temperature in the dark, and 
subsequently flow cytometry was performed with a 488-nm 
laser by fluorescence-activated cell sorting by using the 
FACSCalibur (BD Biosciences) within 1 h. Cells stained only 
with Annexin V-FITC were considered to be viable apoptotic 
(VA) and cells stained with both 7-AAD and Annexin V-FITC 
were considered to be non-viable apoptotic (NVA).

Western blot analysis. After exposure to icotinib or gefitinib 
for 48 h, PC-9 cells were lysed in 1 ml of lysis buffer (50 mM 
Tris, pH 7.4, 150 mM NaCl, 1% Triton X-100, 1% sodium 
deoxycholate, 0.1% SDS, 2 mM sodium pyrophosphate, 25 mM 
β-glycerophosphate, 1 mM EDTA, 1 mM Na3VO4, 0.5 µg/ml 
leupeptin, 1 mM PMSF). Subsequently, lysates were centri-
fuged at 16,000 rpm for 5 min at 4˚C. Protein concentrations of 
the supernatants were determined by using BCA Protein Assay 
kit (23227, Thermo Scientific, Waltham, MA, USA). Samples 
containing 50 µg of total protein were boiled and separated by 
SDS-PAGE (12% SDS tricine gel), then transferred to polyvi-
nylidene difluoride membranes. The membranes were blocked 
with 5% BSA and incubated overnight at 4˚C with monoclonal 
anti-EGFR (15F8, CST-4405), anti-phospho-EGFR (Tyr1173, 
CST-4407), anti-MAPK (137FS, CST-4695), anti-phospho-
MAPK (ERK1/2) (Thr202/Tyr 204, CST-4377), anti-Akt 
(CST-9272), anti-phospho-Akt (Ser473, CST-9272), anti-β-actin 
(13E5, CST-5057) (all of antibodies were purchased from Cell 
Signaling Technology, Danvers, MA, USA). Post-incubation 
with HRP-conjugated secondary Ab (1:3,000; Cell Signaling 
Technology) for 2 h at room temperature, membranes were 
washed extensively with 0.1% Tween-20 in TBS, and antigenic 
bands were visualized by ECL system (Thermo Scientific) 
according to the manufacturer's protocol.

Statistical analysis. The results are expressed as the mean 
value and standard error of the mean. Statistical significance 
was analyzed by one-way analysis of variance using SPSS17.0 
(SPSS, Chicago, IL). p<0.05 was considered statistically 
significant.

Results

Identification of EGFR mutations in genomic DNA from cell 
lines. EGFR mutations were present in PC-9 and HCC827 
cell lines. Both cell lines harbored exon 19 deletions, the del 
E746-A750 (1) mutation for the PC-9 and the del E746-A750 
(2) mutation for the HCC827 (Fig. 1). There were no exon 19 
deletions in A549 cells. None of the cell lines had exon 21 
L858R point mutation or codon 12/codon 13 point muta-
tion in the K-ras gene exon 1 according to PCR and direct 
sequencing.
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Icotinib inhibits growth of EGFR-mutated non-small cell 
lung cancer cell lines. The effects of icotinib on the growth 
of EGFR-mutated NSCLC lines were determined using the 
RT-CES system assay. PC-9 cells, HCC827 cells and A549 
cells were treated with increasing concentrations (20 nM to 
20 µM) of icotinib for a duration of 72 h and compared to gefi-
tinib (Fig. 2A). The cell index (CI) was used to represent cell 
status based on the measured electrical impedance (14). The 
calculation of frequency-dependent electrode impedance with 
or without cells present in the wells and the corresponding 
CI value has been previously described in detail (9). Icotinib 
achieved a 50% growth inhibition (IC50) at concentrations 
of <20 nmol/l in the PC-9 cell line and <1.25 µmol/l in the 
HCC827 cell line, with almost the same cytotoxicity as gefi-
tinib. However, in the A549 cell line, the IC50 was 8.8 µM after 
treatment with icotinib and was 10.2 µM after treatment with 
gefitinib.

Icotinib inhibits migration of EGFR-mutated non-small cell 
lung cancer cell lines. The effects of icotinib on growth of the 
HCC827 cell line were determined using the RT-CIS system 
assay (Fig. 2B). Compared to gefitinib, of which 100 nM and 
50 nM could completely inhibit and 25 nM could partially 
inhibit the migration of HCC827 cells, 100 nM icotinib could 
obviously inhibit the migration, while 50 nM had a slight 
inhibitory effect and 25 nM had no effect.

Icotinib induces apoptosis in EGFR-mutated non-small 
cell lung cancer cell lines. To obtain a definitive quantifica-
tion of the apoptosis effect, Annexin V-FITC and 7-AAD 
double staining methods were used to detect the percentage 
of apoptotic cells. Icotinib or gefitinib increased apoptosis of 
PC-9 and HCC827 cells in a concentration-dependent manner 
(Fig. 3A). The percentage of apoptotic PC-9 cells was elevated 
to 5.96±0.47, 10.44±0.86 and 14.70±0.24% after treatment 
with 0.1, 1 and 10 µM icotinib, respectively, compared to 
6.70±0.05, 10.62±0.21 and 16.71±1.37% after treatment with 
0.1, 1 and 10 nM gefitinib, respectively. In HCC827 cells, the 
percentages of apoptotic cells were elevated to 16.12±2.34, 
28.18±1.29 and 43.70±1.49% after treatment with 0.1, 1 
and 10 nM icotinib, respectively, compared to 19.44±1.13, 
28.34±1.52 and 49.29±2.13% after treatment with 0.1, 1 and 
10 µM gefitinib, respectively (Fig. 3B). The two drugs had 
almost the same capacity to induce EGFR-mutated NSCLC 
cell apoptosis.

Icotinib inhibits EGFR and MAPK, Akt phosphorylation in 
EGFR-mutated non-small cell lung cancer cell lines. To detect 

whether icotinib or gefitinib could inhibit phosphorylation of 
EGFR and EGFR-mediated downstream signaling, PC-9 cells 
were incubated with 0.1, 1 and 10 nM icotinib or gefitinib for 
48 h and subjected to western blot analysis. Our results indi-
cate that both icotinib and gefitinib inhibited phosphorylation 
of EGFR, MAPK (ERK1/2) and Akt (Fig. 4).

Discussion

Epidermal growth factor receptor (EGFR)-mutant non-small 
cell lung cancer (NSCLC) was first defined in 2004 as a unique, 
clinically relevant molecular subset of lung cancer (15-17). 
This type of cancer is more sensitive to EGFR tyrosine kinase 
inhibitors (TKIs) and is associated with a better prognosis 
than EGFR wild-type NSCLC (17). EGFR is a 170-kDa glyco-
protein, containing an extracellular ligand-binding domain, 
a transmembrane anchoring domain and an intracellular 
multifunctional tail that provides an ATP-binding site (18,19). 
As a transmembrane tyrosine kinase, EGFR can trigger signal 
transduction pathways to regulate cell proliferation, migration 
and apoptosis, which are closely related to tumor progression 
(20,21). Without doubt, EGFR is a promising target for anti-
tumor treatment strategy. Chemotherapeutic agents that can 
potentially block EGFR-associated pathways will be much 
less toxic than traditional chemotherapy treatment regimens, 
as proven by using small molecular inhibitors that target 
EGFR tyrosine kinase (22). Up to now, many prospective 
clinical trials have focused mainly on gefitinib or erlotinib for 
patients with advanced NSCLC. Activating EGFR mutations 
have verified the benefit of EGFR TKIs in EGFR-mutant lung 
cancer (23,24).

In 2009, the American Society of Clinical Oncology 
(ASCO) published a provisional clinical opinion that addressed 
the clinical utility of using EGFR mutation testing for patients 
with advanced NSCLC based on the results of five phase III 
randomized controlled trials (25). Although many EGFR 
mutations have been detected, the most common activated 
EGFR mutations are still exon 19 deletions that eliminate 
a leucine-arginine-glutamate-alanine motif in the tyrosine 
kinase domain of EGFR and exon 21 L858R (leucine substi-
tution at amino acid 858) substitutions, together accounting 
for 85% of all EGFR mutations in NSCLC (26). Riely and 
coworkers revealed that EGFR mutations in exons 19 or 21 
were correlated with clinical factors predictive of the response 
to EGFR TKIs (27), as patients with EGFR exon 19 deletions 
had significantly longer median progression-free survival 
(12 vs. 5 months) and median overall survival than patients 
with L858R (34 vs. 8 months) after treatment with erlotinib or 

Figure 1. Identification of EGFR mutations in PC-9 and HCC827 cells. Exon 19 del mutations were detected in both cell lines.
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gefitinib. The possible mechanism accounting for the differing 
response between them might involve different mutations of 
EGFR, and their biological characteristics might regulate 
different responses to gefitinib, erlotinib and other EGFR-
TKIs with different structures.

Unfortunately, typical remissions in NSCLC treatment 
using EGFR-TKIs only last for 4-6 months (28), accompa-
nied with acquired drug resistance that limits the prolonged 
efficacy of currently available TKIs. The T790M muta-
tion in EGFR is found in 50% of clinically EGFR-mutated 

Figure 2. (A) Effect of icotinib and gefitinib on proliferation of (a) PC-9 cells, (b) HCC827 cells and (c) A549 cells as measured by RT-CEM. Different symbols 
represent different concentrations of drugs. Both icotinib and gefitinib exhibited a concentration-dependent anti-proliferative effect in PC-9 cells and in 
HCC827 cells, but did not have the same effect in A549 cells. (B) Effect of icotinib and gefitinib on the migration of HCC827 cells, as measured by RT-CIM. 
Different symbols represent differing concentrations of drugs. *p<0.05, #p>0.05, compared to control (without any drugs); **p<0.01, ##p>0.05 compared to cells 
treated with gefitinib (n=3).
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patients with acquired resistance to erlotinib or gefitinib 
(29,30). L858R mutations are likely to be concomitant with 
T790M and confer gefitinib resistance in NSCLC patients 
(31), as T790M mutation increases the ATP affinity of the 
EGFR-L858R mutant (32,33). It has been suggested that the 
suppression of STAT3 may potentiate the antitumor effects 
of EGFR TK inhibitors (34). Additionally, the use of histone 
deacetylase inhibitors may be an effective treatment option 
to potentiate the effects of EGFR TKIs in NSCLC with acti-
vating K-ras mutations (35). Consequently, further progress is 
anticipated from the development of other novel TKIs with an 
emphasis on approaches to overcome drug resistance.

Here, we investigated the effect of a novel tyrosine kinase 
inhibitor, icotinib hydrochloride, on EGFR-mutated non-small 
cell lung cancer cells and its associated mechanisms. As 
exon 19 deletions occur more commonly than L858R muta-
tions in Asia (22), we therefore selected PC-9 and HCC827 
cells, both with exon 19 deletions (Fig. 1).

Our study has demonstrated that icotinib selectively inhib-
ited EGFR, as evidenced by its inhibition of EGFR activity 
and the lack of inhibition of the Abl-related gene (Arg) 
tyrosine kinase (data not shown). Furthermore, we examined 
the specificity of icotinib against 88 other kinases using the 
selective-inhibition assay. Icotinib selectively inhibited the 
EGFR members including some mutated forms with different 
inhibition efficacies. Among them, we found that icotinib 

Figure 3. (A) The effect of icotinib and gefitinib on inducing apoptosis of (a) PC-9 cells and (b) HCC827 in vitro. Apoptotic cells were detected by Annexin V-FITC 
and 7-AAD double staining methods after treatment for 48 h. Both drugs induced apoptosis of EGFR-mutated NSCLC cells in a dose-dependent manner. 
(B) The percentage of apoptotic cells (a, PC-9; b, HCC827), **p<0.01, compared to control (without any drugs); #p>0.05, *p<0.05, compared to gefitinib (n=3).

Figure 4. Effect of icotinib and gefitinib on EGFR phosphorylation, and 
MAPK, Akt activation in EGFR-mutated NSCLC cell lines. PC-9 cells were 
treated for 48 h with icotinib or gefitinib. Total EGFR and phospho-EGFR, 
total Akt and phospho-Akt, total p42/44 MAPK and phospho-p42/44 MAPK 
levels were analyzed by western blotting. Both icotinib and gefitinib inhib-
ited EGFR, Akt and MAPK phosphorylation.

  A   B
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obviously inhibited EGFR (L858R), with 1% kinase activity 
level after treatment with icotinib.

Moreover, we showed that icotinib inhibited cell prolif-
eration in EGFR-mutated non-small cell lung cancer cell 
lines (PC-9 and HCC827 cells) in a dose-dependent manner, 
similarly to gefitinib. Both icotinib and gefitinib induced 
apoptosis in PC-9 and HCC827 cells and there was no statisti-
cally significant difference between them (p>0.05). This is 
of clinical importance as gefitinib is considered the standard 
first-line therapy for NSCLC patients with EGFR mutations 
(36,37) which warrants the clinical evaluation of icotinib (13). 
The results are timely as icotininb was recently evaluated in 
36 NSCLC patients that failed prior platinum-based chemo-
therapy in a phase I clinical trial (13). The results demonstrated 
that oral icotinib was well tolerated with minimal toxicity and 
showed positive clinical antitumor responses (13).

We also investigated the effect of icotinib on the EGFR 
signaling pathways. In our study, treated with icotinib or 
gefitinib could obviously inhibit EGFR, MAPK (ERK1/2) 
and Akt phosphorylation in PC-9 cells as seen by western 
blot analysis. The MAPK/ERK pathway is a chain of proteins 
in the cell that communicates a signal from a receptor on 
the surface of the cell to genes in the nucleus of the cell 
that are involved in cell growth, proliferation, differentia-
tion, migration and apoptosis. The constitutive activation of 
MAPK/ERK signalling is of particular relevance to cancer 
(38). Akt is a serine/threonine protein kinase that plays a key 
role in multiple cellular processes, including cellular survival 
pathways, by inhibiting apoptotic processes, which is impli-
cated as a major factor in many types of cancer (39). Thus 
our findings suggest that icotinib may exert its antitumor 
activity through abolishment of constitutive MAPK and Akt 
phosphorylation.

In conclusion, icotinib hydrochloride shows promising 
antitumor activity as a specific EGFR inhibitor in EGFR-
mutated NSCLC cell lines compared with gefitinib, the current 
standard of care, and gives a new choice of EGFR-TKIs for 
patients. Moving forward, a phase II clinical trial will need 
to be conducted to support personalized targeted therapies 
depending on the specific EGFR-TKIs directed to specific 
EGFR mutations.
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