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Reduced expression levels of PTEN are associated with
decreased sensitivity of HCC827 cells to icotinib
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Abstract. The clinical resistance of non-small cell lung cancer
(NSCLC) to epidermal growth factor receptor (EGFR) tyro-
sine kinase inhibitors (TKIs) has been linked to EGFR T790M
resistance mutations or MET amplifications. Additional
mechanisms underlying EGFR-TKI drug resistance remain
unclear. The present study demonstrated that icotinib signifi-
cantly inhibited the proliferation and increased the apoptosis
rate of HCC827 cells; the cellular mRNA and protein expres-
sion levels of phosphatase and tensin homolog (PTEN) were
also significantly downregulated. To investigate the effect of
PTEN expression levels on the sensitivity of HCC827 cells to
icotinib, PTEN expression was silenced using a PTEN-specific
small interfering RNA. The current study identified that the
downregulation of PTEN expression levels may promote
cellular proliferation in addition to decreasing the apoptosis of
HCC827 cells, and may reduce the sensitivity of HCC827 cells
to icotinib. These results suggested that reduced PTEN expres-
sion levels were associated with the decreased sensitivity of
HCCS827 cells to icotinib. Furthermore, PTEN expression
levels may be a useful marker for predicting icotinib resis-
tance and elucidating the resistance mechanisms underlying
EGFR-mutated NSCLC.

Introduction

Lung cancer is one of the most common malignant tumors
with the highest morbidity and mortality, and non-small cell
lung cancer (NSCLC) accounts for >80% of the recorded
cases (1). Epidermal growth factor receptor (EGFR) tyro-
sine kinase inhibitors (TKIs), including gefitinib, are tumor
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molecular-targeted agents, which have become an important
therapeutic strategy for NSCLC (2). Icotinib hydrochloride
(icotinib) was developed in China, and is a highly selective
first-generation EGFR-TKI (3). Icotinib is indicated for the
treatment of EGFR mutation-positive, advanced or metastatic
NSCLC, or as a second- or third-line treatment (3). However,
the majority of patients with NSCLC develop an acquired
resistance to EGFR-TKIs 8-10 months following the initia-
tion of treatment (2,4). It has been previously demonstrated
that a second point mutation on EGFR in exon 20 (T790 M)
and a MET gene amplification underlie the development
of an acquired resistance to EGFR-TKIs in patients with
NSCLC (5-8). However, the mechanisms underlying acquired
resistance are not determined for ~30% of cases (5).
Phosphatase and tensin homolog (PTEN; deleted on chro-
mosome 10) is a tumor-suppressor gene that has dual-specificity
phosphatase activity (9). PTEN is mutated in various types
of human cancer and regulates cellular growth using hyper-
phosphorylation and dephosphorylation (10). PTEN may be
involved in the infiltration and migration of tumor cells and
may affect vessel formation (11). The tumorigenesis of lung
cancer is a complex biological process; the present study iden-
tified that PTEN is inactivated and abnormally expressed in
lung cancer (11). It was hypothesized that the loss of PTEN
expression may contribute to the development of EGFR-TKI
resistance in EGFR mutation-positive NSCLC. In the current
study, the effect of icotinib on HCC827 cells and the asso-
ciation between PTEN expression levels and cell sensitivity
to icotinib was evaluated; gene expression levels and the
biological behavior of HCC827 cells was also investigated for
each group. The aim of the present study was to elucidate the
mechanisms underlying acquired resistance to EGFR-TKIs.

Materials and methods

Cell culture and reagents. The HCC827 NSCLC cell line
was provided by Xi'an Jiaotong University (Xi'an, China); the
HCCB827 cells had an acquired E746-A750 deletion mutation
in the EGFR tyrosine kinase domain. The cells were cultured
in RPMI-1640 (Hyclone; GE Healthcare Life Sciences, Logan,
UT, USA) supplemented with 20% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
at 37°C in an atmosphere containing 5% CO,. Icotinib was
purchased from Zhejiang Beida Pharmaceutical Co., Ltd.
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(Beijing, China). MTT, dimethyl sulfoxide (DMSO), and prop-
idium iodide (PI) were purchased from Sigma-Aldrich (Merck
Millipore, Darmstadt, Germany). Anti-PTEN (#9552; dilution,
1:2,000) was purchased from Cell Signaling Technology, Inc.
(Danvers,MA,USA). Horseradish peroxidase-conjugated Affi-
niPure goat anti-rabbit immunoglobulin G (H+L; #AP60720;
dilution, 1:2,000) was obtained from Abgent Biotech Co., Ltd.
(Suzhou, China) and the anti-f-actin antibody (#sc-130300;
dilution, 1:1,500) was purchased from Santa Cruz Biotech-
nology, Inc. (Dallas, TX, USA).

PTEN-small interfering (si)RNA design, synthesis and
transfection. siRNAs corresponding to PTEN (upstream,
5'-GUAUGACAACAGCCUCAAGTT-3'; downstream,
5'-CUUGAGGCUGUUGUCAUACTT-3") were purchased
from Shanghai GenePharma Co., Ltd. (Shanghai, China). The
cells were plated in culture plates in RPMI-1640 (HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) supplemented
with 20% fetal bovine serum at 37°C in an atmosphere
containing 5% CO,. Following culturing to 70-80% conflu-
ency on 6-well plates, the cells were then transfected with
siRNA or FAM-negative siRNA using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. Following a 6-h incubation period at
37°C with the transfection reagents, the transfection medium
was replaced with RPMI-1640 supplemented with 20% FBS.
The cells were then incubated at 37°C for 24-48 h in 5% CO,.
Two wells were left untransfected to serve as a negative control.

Drugs and growth-inhibition assay. Cells were seeded at
a density of 2-4x10%/100 pl in 96-well plates and incubated
at 37°C overnight in 5% CO,. Subsequently, various concen-
trations (0.5 nmol/l, 1 nmol/l, 2 nmol/l, 4 nmol/l, 8 nmol/I)
of icotinib were added; following incubation times of 24,
48 and 72 h at 37°C, 20 ul MTT (5 mg/l) was added to each
well and the plates were incubated for 4 h at 37°C. Then, 150 ul
DMSO was oscillated for 10 min and the absorbance was
measured at 490 nm with a 96-well plate reader (Wako Pure
Chemical Industries, Ltd., Osaka, Japan). Each concentra-
tion was investigated in triplicate and was analyzed by SPSS
version 17.0 software (SPSS, Inc., Chicago, IL, USA). The half
maximal inhibitory concentration (IC50) was considered to be
the concentration that resulted in 50% cell growth inhibition,
as compared with the untreated control cells.

Cell apoptosis assay. Exponentially growing cell suspensions
were seeded into 6-well plates at a density of 2-4x10°/100 pl.
The following day, various concentrations (0.5, 1, 2, 4, and
8 nmol/l) of icotinib were added. Following incubation for
72 h at 37°C, the cells (0.5-1x10%/ml) were collected, washed
with cold PBS and 500 ul binding buffer was added; subse-
quently, 5 ¢l Annexin V/fluorescein isothiocyanate (Shaanxi
Xianfeng Biotechnology Co., Ltd., Xi'an, China) and 10 ul PI
was added to each well, in the absence of light, and mixed. The
plates were incubated for 15 min at 37°C and evaluated using
flow cytometry (FACSCalibur; BD Biosciences, San Jose, CA,
USA) within 1 h.

Cell cycle assay. Exponentially growing cell suspensions
(0.5-1x10%/ml) were seeded into 6-well plates. Following an
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overnight incubation at 37°C in an atmosphere containing
5% CO,, various concentrations of icotinib (0.5, 1, 2, 4,
and 8 nmol/l) were added. The cells were incubated for 72 h at
37°C then collected and washed with cold PBS. The samples
were frozen in 70% ethanol at -20°C and kept overnight. The
cells were subsequently washed with cold PBS, and 150 ul
RNase (5 g/l; Sigma-Aldrich; Merck Millipore) and 150 ul PI
(50 pug/ml; Sigma-Aldrich; Merck Millipore) were added. The
cells were solubilized for 30 min without light and were evalu-
ated using flow cytometry (FACSCalibur).

Western blot analysis. The cells were washed twice with
PBS and solubilized in a protein lysis buffer (Pierce, Rock-
ford, IL, USA). The supernatants, containing the whole-cell
protein extracts, were obtained following centrifugation
(18,894.2 x g) for 15 min at 4°C. The protein concentration
was determined using a bicinchoninic protein assay (Shaanxi
Xianfeng Biotechnology Co., Ltd.) according to the manufac-
turer's protocol. Heat-denatured protein samples (30 ug per
lane) were resolved using 8% SDS-PAGE and transferred to
a polyvinylidene fluoride membrane (EMD Millipore, Bill-
erica, MA, USA). The membrane was incubated for 60 min
in PBS containing 0.1% Tween-20 (Ameresco, Inc., Fram-
ingham, MA, USA) and 5% skim milk to block non-specific
binding; this was followed by incubation overnight at 4°C
with primary antibodies against PTEN and [-actisn. The
membrane was washed four times for 8 min each in PBS
with 0.1% Tween-20, then incubated for 2 h with a conjugated
horseradish peroxidase secondary antibody. The membrane
was washed thoroughly in PBS containing 0.1% Tween-20
and the bound antibody was detected using enhanced chemi-
luminescence detection reagents (EMD Millipore), according
to the manufacturer's protocol. The results of the western
blotting were analyzed using ImageJ2x (National Institutes of
Health, Bethesda, MA, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). The total RNA (1,248.52 ng/ul) from cells
was extracted using RNA Fast200 (Sigma-Aldrich; Merck
Millipore). The PCR amplification reaction mixture (10 ul)
contained the following: 5*PrimeScript buffer (2 ul), Prime-
Script RT enzyme mix (0.5 ul), oligo dT primer (0.5 ul),
random hexanucleotide (0.5 pl), total RNA (4 ul) and RNase
Free (Takara Bio, Inc., Otsu Japan). The thermal cycler
conditions were as follows: 94°C for 2 min then 35 cycles
alternating between 94°C for 30 sec, 60°C for 30 sec, 72°C for
30 sec and 72°C for 2 min. The target gene expression levels
were normalized to GAPDH levels. The formula
2ss(-ACq)=2[Cq (GAPDH)-Cq(target)] was used to calculate
the relative gene expression levels for each sample, reflecting
the normalized target gene expression levels. The primer
sequences were as follows: Upstream, 5'-CTATTCCCAGTC
AGAGGCGCTAT-3"; downstream, 5'-TGAACTTGTCTT
CCCGTCGTGT-3.

Statistical analysis. The data are presented as the mean + stan-
dard deviation. The data were analyzed using SPSS version 17.0
software (SPSS, Inc., Chicago, IL, USA). Statistical analysis
was conducted using an independent t-test. P<0.05 was consid-
ered to indicate a statistically significant difference.
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Figure 1. The effect of icotinib treatment on the growth of HCC827 cells.
A cell growth curve presents the ordinate with optical density and time as
abscissas. Data are presented as the mean + standard deviation for three
independent experiments. "P<0.03, vs. the control.
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Figure 2. The impact of icotinib on the apoptosis and cell cycle of HCC827
cells. (A) An FCM analysis of apoptotic cells using Annexin V/PIL. QI
depicts the cells that were damaged during the experiment (Annexin V-/PI+);
Q2 indicates late-stage apoptotic cells and necrotic cells (Annexin V+/PI+);
Q3 depicts normal cells (Annexin V-/PI-); Q4 indicates early apoptotic cells
(Annexin V+/PI-). (B) The rate of apoptosis of HCC837 cells in the control
group was 2.7+0.46%; following treatment with icotinib the apoptosis rate
increased to 16.4+0.91%. (C) An FCM analysis of the cell cycle. (D) In the
control group, 66.96x1.42% of the cells were in the G,/G, phase, 26.58+2.12%
of the cells were in the S phase and 6.46+2.59% of the cells were in the
G,/M phase. With icotinib, 85.11+1.31% of the cells were in G,/G, phase,
while 7.37+1.53% of the cells were in S phase and 7.52+1.15% of the cells
were in G,/M phase. The data are presented as the mean =+ standard devia-
tion from three independent experiments. ‘P<0.03, vs. the control. FCM, flow
cytometry; PI, propidium iodide; Q, quadrant.

Results

Icotinib inhibited the growth of HCCS827 cells. To study the
effects of icotinib on HCCS827 lung cancer cells,an MTT assay
was used to test cell growth and survival (Fig. 1). The present
study identified that icotinib induces damage to HCC827 cells,
which was enhanced with increasing time and concentration
(P=0.001).

Icotinib inhibits cell apoptosis and the cell cycle of HCC827
cells. As indicated in Fig. 2, treatment with icotinib
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Figure 3. The impact of icotinib on PTEN expression levels in HCC827
cells. (A and B) The PTEN mRNA and protein expression levels in the
HCC827 and icotinib-treated HCC827 cells were detected using RT-qPCR
and western blotting, respectively. (C) RT-qPCR demonstrated that PTEN
expression levels were decreased by ~34% following treatment with icotinib
("P<0.05). (D) Western blot demonstrating that PTEN protein expression was
also significantly downregulated ("P<0.05). GAPDH or f-actin was used as a
control for sample loading. “P<0.05 vs. the control. PTEN, phosphatase and
tensin homolog; RT-qPCR, reverse transcription-quantitative polymerase
chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

significantly inhibited the proliferation and increased the rate
of apoptosis of HCC827 cells (P<0.001; Fig. 2A and B). The
number of cells in the G,/G, cell cycle phase was increased
following treatment with icotinib, compared with the control
group, suggesting that icotinib significantly attenuated the cell
cycle in the G,/G, phase (P<0.001; Fig. 2C and D).

Icotinib downregulates PTEN expression. To investigate
the association between icotinib and its relevant effects, the
expression levels of PTEN were examined using RT-qPCR
and western blotting (Fig. 3A and B). The RT-qPCR results
revealed that PTEN mRNA expression levels were decreased
by ~34% following treatment with icotinib (P<0.001; Fig. 3C).
The results of the western blotting demonstrated that the
protein expression levels of PTEN in the HCC827 cells were
significantly downregulated (P<0.001; Fig. 3D).

PTEN in HCCS827 cells is downregulated by transient
transfection. To evaluate the effects of the downregulation
of PTEN expression in HCC827 lung cancer cells, the cells
were transfected with an siRNA corresponding to PTEN.
To determine whether PTEN expression in HCC827 cells
was downregulated, RT-qPCR and western blotting were
used to analyze the PTEN expression levels in each group
(Fig.4A and B). RT-qPCR demonstrated that PTEN expression
levels decreased by ~52% following transfection, suggesting
that PTEN was significantly downregulated by PTEN-siRNA
(P<0.001; Fig. 4C). The protein expression levels of PTEN
in the HCCS827 cells were significantly decreased following
transfection with the PTEN siRNA, as compared with the
control (P<0.001; Fig. 4D).

Silencing PTEN expression promotes the growth of HCC827
cells. An MTT assay was used to examine cell growth in each
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Figure 4. PTEN expression in HCC827 cells was successfully downregulated
by PTEN-siRNA. (A and B) The PTEN mRNA and protein expression levels
in the HCC82, HCC827/PTEN-NC and HCC827/PTEN-siRNA cells were
detected using RT-qPCR and western blotting, respectively. (C) RT-qPCR
revealed that PTEN expression levels were decreased by ~52% following
transfection, suggesting that PTEN was successfully downregulated by
PTEN-siRNA. (D) Western blotting demonstrating that PTEN protein expres-
sion was also significantly downregulated (‘P<0.05). GAPDH or -actin was
used as a control for sample loading. "P<0.05, vs. the control. PTEN, phos-
phatase and tensin homolog; RT-qPCR, reverse transcription-quantitative
polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydro-
genase; NC, negative control; siRNA, small-interfering RNA.
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Figure 5. The cell growth curve for each group. A cell growth curve pres-
ents the absorbance values with the ordinate and time as abscissas. Data
are presented as the mean =+ standard deviation from three independent
experiments. PTEN, phosphatase and tensin homolog; NC, negative control;
siRNA, small-interfering RNA.

group, as indicated in Fig. 5; the growth of HCC827 cells was
observed to be inhibited by icotinib treatment (P=0.0042).
However, the growth of HCC827 cells was promoted if the
PTEN gene was silenced (P=0.0117).

Silencing PTEN expression decreases the apoptosis of
HCC827 cells. Transfection with PTEN siRNA decreased the
rate of apoptosis of HCC827 cells, compared with the control
group (P<0.001). Concordant with the previous results, the
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Figure 6. The impact of silencing PTEN expression on the apoptosis and cell
cycle of HCC827 cells, following treatment with icotinib. (A) Transfection
of PTEN siRNA decreased the rate of apoptosis of HCC827 cells, compared
with the control group (0.80+0.24% and 2.53+0.54%). (B) A flow cytometry
analysis of the cell cycle. The cell fractions in the G/G, phase were increased
following icotinib treatment (71.08+1.35% and 87.31+2.26%) and no signifi-
cant difference was observed between the control and PTEN-siRNA groups
(66.62+1.42% and 61.14+1.53%). The data are presented as the mean + stan-
dard deviation from three independent experiments. ‘P<0.05, vs. the control.
PTEN, phosphatase and tensin homolog; siRNA, small interfering RNA; NC,
negative control.
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Figure 7. The altered sensitivity of HCC827 cells to icotinib, following
transfection. The concentration of icotinib required to inhibit 50% of the
HCC827 cells was defined as the IC50 value. The IC50 for the HCC827
cells in the control group was determined to be 4.99 nmol, 5.63 nmol for
the group transfected with PTEN-NC and 22.52 nmol following transfec-
tion with PTEN-siRNA. "P<0.05, vs. control. NC, negative control; siRNA,
small-interfering RNA; PTEN, phosphatase and tensin homolog.

number of cells in the G,/G, phase was increased following
icotinib treatment (P<0.001) and no significant difference
was observed between the control and PTEN-siRNA groups
(Fig. 6).

Silencing PTEN expression decreases the sensitivity of
HCC827 cells to icotinib. In the HCC827 cells transfected with
PTEN siRNA, the inhibition rate of icotinib was significantly
decreased, compared with the control group, and the IC50 was
significantly increased (22.52 nmol) following transfection
(P<0.001; Fig. 7).

Discussion

Icotinib hydrochloride is an EGFR-TKI that targets the
mutated EGFR gene (3). If ligands including epidermal
growth factor, transforming growth factor or amphiregulin
are combined with the extracellular domain of EGFR, the
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intracellular tyrosine kinase may be activated and combine
with adenosine triphosphate (ATP) (12). The phosphorylation
of ATP activates downstream signal transduction pathways,
including the rat sarcoma (RAS)/mitogen-activated protein
kinases (MAPK), phosphatidylinositol-4,5-bisphosphate
3-kinase (PI3K)/protein kinase B (Akt) and proto-oncogene
tyrosine-protein kinase Src signaling pathway, which may
induce tumor cell proliferation, anti-apoptosis, invasion and
metastasis (5).

It has previously been reported that EGFR-TKIs may
suppress tumor growth by binding to the intracellular
domain (magnesium-ATP) of EGFR, which may inhibit
the activity and phosphorylation of the tyrosine kinase
and block downstream signal transduction pathways (12).
However, the majority of patients with NSCLC develop an
acquired resistance to EGFR-TKIs within 8-10 months (13).
A previous study on TKI-sensitive NSCLC indicated that a
mutation in the EGFR tyrosine kinase domain is responsible
for activating various anti-apoptotic signaling pathways (14).
An EGFR mutation may be detected in 43-89% of patients
with lung cancer; mutations on exons 19 and 21 are the
most common (15). These mutations have been observed
to confer increased cell sensitivity to TKIs, including
to icotinib (3). In addition to a second point mutation in
EGFR on exon 20 (T790 M) and a MET gene amplifica-
tion, Kirsten-RAS, PIK3, insulin-like growth factor-1 and
epithelial-mesenchymal transition target gene amplification
mutations are also associated with acquired resistance to
EGFR-TKIs (13,14,16).

Similar to other EGFR-TKIs, icotinib may induce cell
proliferation inhibition, cell apoptosis and cell cycle arrest
by inhibiting the activity and phosphorylation of the tyrosine
kinase domain (3). The current study identified thaticotinib may
damage HCC827 cells in a time- and concentration-dependent
manner. Treatment with icotinib significantly inhibited the
proliferation and increased the rate of apoptosis of HCC827
cells,in which the mRNA and protein expression levels of PTEN
were significantly downregulated. The PTEN gene is a tumor
suppressor gene located on chromosome 10g23.3 (10). PTEN
is frequently mutated in a variety of types of human cancer,
including glioblastoma, melanoma, breast, prostate, renal and
endometrial carcinoma (11). PTEN exerts its tumor-suppressor
effects through its phosphatase domain and C2 domain (17).
It may inhibit phosphatidylinositol (3,4,5)-trisphosphate
phosphorylation by specifically antagonizing the PI3K/Akt
signaling pathway and suppressing Akt expression, which may
induce the apoptosis of Akt-dependent cells (17-21).

A previous study has reported that alterations in PTEN in
NSCLC cell lines are associated with a loss of heterozygosity,
or with gene deletion (22). Loss of PTEN is involved in the
development of EGFR inhibitor resistance in certain tumor
cell lines (23,24) and in patients with glioblastoma (25). The
underlying mechanisms may include promoter hypermeth-
ylation, post-translational modifications or the alternative
splicing of the pre-mRNA (26).

PTEN expression patterns in NSCLC require further
study, and the role of PTEN in icotinib treatment in NSCLC
has yet to be fully elucidated. Yamamoto et al (22) constructed
a PC-9/GR EGFR-TKI resistant cell line, and identified that
its PTEN expression levels were significantly decreased, and
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phosphorylated Akt levels were significantly increased. In the
present study, it was identified that PTEN mRNA and protein
expression levels were significantly downregulated following
icotinib treatment. Silencing PTEN expression may promote
cell proliferation, decrease the rate of apoptosis of HCC827
cells and reduce the sensitivity of HCC827 cells to icotinib.
The current study hypothesized that the underlying mecha-
nisms may involve the loss of PTEN with an increasing PIP-3
concentration, the hyperactivation of Akt and the subsequent
release of cytochrome c and the inactivation of forkhead,
caspase-9 and B-cell-lymphoma-2 associated agonist of
cell death (26). PTEN may influence cell proliferation and
apoptosis by regulating the MAPK signaling pathway and
the extracellular signal-regulated protein kinase cell survival
pathway (22,27,28).

In conclusion, the present study identified that PTEN
expression levels affected the sensitivity of HCC827 cells to
icotinib treatment, indicating that PTEN may be involved in
regulating the icotinib-induced cytotoxicity of HCC827 cells.
These results suggest that PTEN may serve as a novel target
for monitoring the sensitivity of NSCLC cells to EGFR-TKIs,
including icotinib in patients with lung cancer.
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