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Effect of TW37 on the growth of H1975 EGFR-TKI-resistant
lung cancer cells and its underlying mechanisms
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Abstract. Previous studies have suggested that the B-cell
lymphoma 2 (Bcl-2) inhibitor, TW37, may induce apoptosis
of the non-small cell lung cancer cell line, H1975/epidermal
growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI),
which exhibits secondary resistance to EGFR-TKI. However,
the effects of TW37 on H1975/EGFR-TKI cells remain
unclear. The aim of the present study was to investigate the
effects of TW37 on the growth of H1975/EGFR-TKI cells
and explore the underlying mechanisms. An in vitro study
was performed, whereby H1975/EGFR-TKI cells were treated
with serially increasing concentrations of TW37. MTT, flow
cytometry, migration and transwell invasion assays were
preformed to investigate the proliferation, apoptosis, migra-
tion and invasion of H1975/EGFR-TKI cells, respectively. In
addition, reverse transcription-polymerase chain reaction and
western blot analyses were performed to detect the mRNA
and protein expression levels of apoptosis-associated factors,
respectively. An enzyme-linked immunosorbent assay was
performed to detect phosphatidylinositol [3,4,5] tris-phosphate
(PIP3) expression. The results suggested that the mRNA and
protein expression levels of Bcl-2 were significantly decreased
in TW37-treated cells when compared with the untreated
control group. Following treatment with TW37, the prolifera-
tion, migration and invasion ability of H1975/EGFR-TKI cells
decreased in a dose-dependent manner, while the percentage
of apoptotic cells increased. In addition, the results demon-
strated that TW37 reduced the expression of PIP3 and the
phosphorylation of AKT serine/threonine kinase 1 (AKT)
in H1975/EGFR-TKI cells in a dose-dependent manner. In
conclusion, TW37 inhibited H1975/EGFR-TKI cell growth
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and induced cell apoptosis potentially via suppression of AKT
signaling pathway activation.

Introduction

With high incidence and mortality rates, lung cancer is one
of the most common malignancies worldwide. The incidence
of lung cancer in China currently increasing, and presents a
serious threat to human health (1). Among all lung cancers,
~80-85% are non-small cell lung cancers (NSCLC). The
available treatments for patients with NSCLC are unsatis-
factory; and patients demonstrate an overall 5-year survival
rate of <15% (2). With poor rates of early diagnosis and high
rates of disease recurrence and metastasis, the curative effect
of surgical treatment for NSCLC remains unsatisfactory.
Therefore, the development of drugs for the effective treatment
of NSCLC is very important.

Following years of investigation and practice, important
progress has been made in the treatment of lung cancer with
specific drugs (3). However, the efficacy of current existing
therapeutic drugs is not satisfactory (4). In recent years, the
epidermal growth factor receptor-tyrosine kinase inhibitor
(EGFR-TKI) appears to offer a novel and effective therapeutic
option for the treatment of lung cancer. A previous study indi-
cated that EGFR-TKI prolongs the progression-free survival of
patients with NSCLC that are sensitive to the EGFR-TKI (5).
However, treatment with EGFR-TKI will inevitably result in
drug resistance (6-10).

A previous study demonstrated that the B-cell lymphoma 2
(Bcl-2) expression was significantly increased in patients with
NSCLC harboring EGFR mutations that were resistant to
EGFR-TKI treatment (11). The anti-apoptotic gene, Bcl-2, is
a key downstream effector involved in EGFR-TKI drug resis-
tance mechanism (11). TW37 is a gossypol derivative and is an
effective small molecule inhibitor of Bcl-2. It prevents Bcl-2
activation and inhibits multiple Bcl-2 family members. Recent
studies indicate that TW37 may inhibit the growth of various
cancer cells by inducing S-phase cell cycle arrest via regu-
lating the expression of several important cell cycle-associated
genes (12,13).

In a pre-experiment performed by the authors of the
present study (data unpublished), TW37 was demonstrated to
induce apoptosis of the NSCLC cell line, HI975/EGFR-TKI,
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which has developed secondary resistance to EGFR-TKI. The
present study was designed to investigate the effect of TW37
on H1975/EGFR-TKI cell growth and explore the underlying
mechanisms.

Materials and methods

Reagents. RPMI-1640 medium, fetal bovine serum (FBS),
penicillin, streptomycin and polyvinylidene fluoride (PVDF)
membranes were purchased from Sigma Aldrich; Merck
Millipore (Darmstadt, Germany). Primary antibodies against
Bcl-2 (cat no. 15071), AKT serine/threonine kinase 1 (AKT)
(cat no. 4685), phosphorylated (p)-AKT (cat no. 4060) and
GAPDH (cat no. 5174), together with the corresponding
secondary antibodies, anti-rabbit IgG, horse radish peroxidase
(HRP)-linked antibody (cat no. 7074) and anti-mouse IgG
HRP-linked antibody (cat no. 7076), were purchased from Cell
Signaling Technology, Inc. (Danvers, MA, USA). The MTT
reagent and enhanced chemiluminescence (ECL) Plus reagent
were purchased from Gibco; Thermo Fisher Scientific, Inc.
(Waltham,MA,USA). A PIP3 Mass ELISA kit (cat no. K-2500)
was purchased from Echelon Biosciences (Salt Lake City,
UT, USA). The Annexin V-fluorescein isothiocyanate
(FITC) apoptosis detection kit was purchased from Vazyme
(Piscataway, NJ, USA). The TW37 and hematoxylin stain
were obtained from Selleck Chemicals (Shanghai, China).
The Transwell chamber was purchased from Jinan PengBo
Biotechnology Co., Ltd. (Jinan, China).

Cell culture. The H1975/EGFR-TKI cell line, which harbors
mutations in the EGFR gene at exons 21 (L858R) and 20
(T790M), was obtained from the American Type Culture
Collection (Manassas, VA, USA), and cultured in RPMI-1640
supplemented with 10% FBS, 100 U/ml penicillin and
100 pg/ml streptomycin. Cells were incubated at 37°C in a
humidified atmosphere of 5% CO,, and were passaged when
they reached 90% confluence.

Cell proliferation assay. An MTT assay was performed
to determine the proliferation of H1975/EGFR-TKI cells.
H1975/EGFR-TKI cells growing in log-phase were trypsin-
ized using 0.25% trypsin, and seeded in 96-well plates at a
density of 5x10° cells/well. Cells were then treated with 250,
500 and 750 nmol/l TW37 for 24 h. MTT reagent was subse-
quently added to the culture medium at a final concentration
of 0.5 mg/ml, and cells were incubated for additional 4 h.
Dimethyl sulfoxide (Sigma-Aldrich) was added to dissolve
the formazan product. After incubating for 10 min at 37°C,
the optical density at 490 nm was measured using a spectro-
photometer. Experiments were repeated in triplicate and the
results are presented as the mean + standard deviation.

Apoptosis analysis. Flow cytometry analysis was performed to
determine alterations in the level of apoptosis following treat-
ment of HI975/EGFR-TKI cells with TW37. H1975/EGFR-TKI
cells were treated with 250, 500 and 750 nmol/l TW37 for
24 h. Cells were then washed with cold phosphate-buffered
saline (PBS) and fixed in 70% ethanol at 4°C for 30 min, prior
to exposing the cells to 20 yg/ml RNase I and 50 pg/ml PI for
30 min at 37°C, before they were labeled with Annexin V-FITC,
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according to the manufacturer's instructions (Vazyme). The
level of apoptosis was assessed using a flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA) was applied for cell
analysis. Experiments were repeated three times.

Migration assay. To measure cell migration ability, an in vitro
scratch assay was performed. HI975/EGFR-TKI cells were
seeded in 6-well plates at a density of 5x10° cells/well. Cells
were treated with 0, 250, 500 and 750 nmol/l TW37 and incu-
bated in a humidified atmosphere at 37°C with 5% CO, for
~24 h, until the cells were 80% confluent. A scratch-wound
was generated using a 10-ul pipette tip, and cells were washed
three times with PBS before they were incubated in RPMI 1640
medium for 24 h. Images were captured under an inverted light
microscope (Olympus Corporation, Tokyo, Japan). The migra-
tion distance of cells was measured using ImageJ software
(version 1.47; National Institutes of Health, Bethesda, USA).
Experiments were repeated at least in triplicate.

Transwell invasion assay. A transwell assay was performed to
measure the invasion ability of HI975/EGFR-TKI cells treated
with TW37. Cells were seeded into the upper transwell chamber
together with a Matrigel-coated membrane matrix, and were
treated with 0, 250, 500 and 750 nmol/l TW37. RPMI-1640
medium containing 10% FBS was added to the lower chamber
as a chemoattractant. The cells were incubated for 24 h. At
the end of the experiment, the non-invading cells on the upper
surface were removed, and the cells on the lower surface were
fixed with 95% ethanol for 20 min and stained with 0.1%
hematoxylin for 30 min, at room temperature. Stained cells
were observed under an inverted light microscope (Olympus
Corporation, Tokyo, Japan). A total of three independent
experiments were performed.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The mRNA expression levels of Bcl-2 and the
GAPDH housekeeping gene in H1975/EGFR-TKI cells were
measured by RT-qPCR analysis. Total RNA was extracted
from the cells using TRIzol reagent (Takara Biotechnology
Co., Ltd., Dalian, China) according to the manufacturer's
instructions. A total of 1 #g RNA was then reverse transcribed
into cDNA using a Revert Aid RT Reverse Transcription
kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to
manufacturer's instructions. cDNA was subsequently ampli-
fied by qPCR using the following thermal cycling parameters:
Initial activation at 95°C for 10 min, followed by 40 cycles of
denaturation at 95°C for 10 sec, annealing at 60°C for 60 sec
and extension at 72°C for 15 sec. The primers for Bcl-2 and
GAPDH were as follows: Bcl-2, forward, 5'-ATGTGTGTG
GAGAGCGTCAA-3', and reverse, 5'-ACAGTTCCACAA
AGGCATCC-3'; GAPDH, forward, 5'-CTTTGGTATCGT
GGAAGGACTC-3', and reverse, 5-GTAGAGGCAGGG
ATGATGTTCT-3". GAPDH was selected as an endogenous
reference gene to calculate the relative expression levels of
Bcl-2 (14). All samples were analyzed in triplicate and three
independent experiments were performed.

ELISA. H1975/EGFR-TKI cells were seeded in 6-well plates at
a density of 5x10° cells per well, and were treated with 0, 250,
500 and 750 nmol/l TW37 for 24 h at 37°C. An ELISA assay
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was performed in order to determine the expression levels
of PIP3 in the cell supernatant according to the manufac-
turer's instructions (Thermo Fisher Scientific, Inc.), finally, the
samples were examined and the absorbance was measured at
a wavelength of 450 nm. A total of three independent experi-
ments were performed.

Western blot analysis. H1975/EGFR-TKI cells were treated
with 0, 250, 500 and 750 nmol/l TW37 for 24 h. Following
treatment, radioimmunoprecipitation assay buffer, consisting
of 50 mM Tris-Cl (pH 7.4), 150 mM NaCl, 1% Triton X-100,
0.1% SDS and 1% sodium deoxycholate, was used to extract
total cellular protein. A bicinchoninic acid assay kit (Thermo
Fisher Scientific, Inc.) was used to determine the protein
concentration of sample extracts. The samples (30 ug per lane)
were separated on a 12% SDS-PAGE gel, and transferred to
a polyvinylidene difluoride membrane. The membrane was
blocked with 5% non-fat dry milk in TBS buffer containing
0.1% Tween 20 for 2 h at room temperature. The membrane
was subsequently incubated with primary antibodies against
Bcl-2, AKT, p-AKT (all diluted at 1:1,000) and GAPDH
(dilution, 1:2,000) at 4°C for 24 h. This was followed by incu-
bation with the secondary antibody (dilution, 1:5,000) at room
temperature for 1 h. The membranes were then incubated with
ECL Plus reagent for 30 sec at room temperature, and scanned
using the BioSpectrum Imaging System (UVP, Inc., Upland,
CA, USA).

Statistical analysis. Data are presented as the mean + standard
deviation. All statistical calculations were performed using
SPSS version 11.7 software (SPSS, Inc., Chicago, IL, USA).
One-way analysis of variance followed by Bonferroni post
hoc test and Student's t-test were used to analyze differences
between groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

TW37 treatment reduces Bcl-2 mRNA and protein expression
levels. The mRNA and protein expression levels of Bcl-2 in
H1975/EGFR-TKI cells prior to and following treatment with
TW37 were detected by RT-qPCR and western blot assays,
respectively. The results demonstrated that treatment with
increasing concentrations of TW37 for 24 h was associated
with a significant decrease in Bcl-2 mRNA (Fig. 1A) and a
marked decrease in protein (Fig. 1B) expression levels when
compared with the untreated control group.

TW37 inhibited the proliferation of HI975/EGFR-TKI
cells. The effect of TW37 treatment on H1975/EGFR-TKI
cell proliferation was determined. Following treatment of
H1975/EGFR-TKI cells with 250, 500 and 750 nmol/l TW37
for 24 h, cell viability was measured using an MTT assay.
The results demonstrated that TW37 significantly reduced
the viability of cells (Fig. 2). This indicates that TW37 may
serve an important role in inhibiting the proliferation of
H1975/EGFR-TKI cells in vitro.

TW37 induced apoptosis of HI975/EGFR-TKI cells. The effect
of TW37 treatment on the level of apoptosis in HI975/EGFR-TKI
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Figure 1. Expression of Bcl-2 in HI975/EGFR-TKI cells prior to and following
treatment with 250, 500 and 750 nmol/l TW37 for 24 h. The (A) mRNA and
(B) protein expression levels of Bcl-2 in H1975/EGFR-TKI cells relative to
GAPDH was determined by reverse transcription-quantitative polymerase
chain reaction and western blotting analyses, respectively. Experiments
were performed in triplicate. "P<0.05 vs. Mock. Bcl-2, B-cell lymphoma 2;
EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor;
mock, untreated control.
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Figure 2. TW37 inhibits the proliferation of H1975/EGFR-TKI cells. The
proliferation of H1975/EGFR-TKI cells following treatment with 0, 250, 500
and 750 nmol/l TW37 was determined using an MTT assay. The results are
presented as the mean + standard deviation of three independent experiments.
“P<0.05 vs. Mock. EGFR-TKI, epidermal growth factor receptor-tyrosine
kinase inhibitor; mock, untreated control.

cells was next investigated. H1975/EGFR-TKI cells were treated
with 250, 500 and 750 nmol/l TW37 for 24 h, and the level of
apoptosis was measured using an Annexin V-FITC apoptosis
detection kit and quantified by flow cytometry analysis. As shown
in Fig. 3, treatment of cells with 250, 500 and 750 nmol/l TW37
significantly increased the level of apoptosis in a dose-dependent
manner, when compared with the untreated control.

TW37 inhibited the migration and invasion abilities of
HI975/EGFR-TKI cells. In order to investigate the effect of
TW37 on H1975/EGFR-TKI cell migration, a scratch wound
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Figure 3. TW37 induces apoptosis of HI975/EGFR-TKI cells. (A) Flow cytometry analysis was performed to determine the level of apoptosis in H1975/EGFR-TK1
cells treated with 0,250, 500 and 750 nmol/l TW37 for 24 h, and (B) the results were quantified. Cells that stained positive for FITC-Annexin V and negative
for PI were scored as exhibiting early apoptosis. Experiments were performed in triplicate. ‘P<0.05, “P<0.01 vs. Mock. EGFR-TKI, epidermal growth factor
receptor-tyrosine kinase inhibitor; FITC, fluorescein isothiocyanate; PI, propidium iodide; mock, untreated control.
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Figure 4. TW37 inhibits the migration and invasion of HI975/EGFR-TKI cells. The migration and invasion ability of HI975/EGFR-TKI cells following treat-
ment with 0, 250, 500 and 750 nmol/l TW37 for 24 h was determined using (A and B) a cell migration and (C and D) transwell invasion assay, respectively.
Experiments were performed in triplicate. Scale bars=100 gm. "P<0.05, “P<0.01 vs. Mock. EGFR-TKI, epidermal growth factor receptor-tyrosine kinase

inhibitor; mock, untreated control.

assay was performed. The results demonstrated that treatment
of H1975/EGFR-TKI cells with 250, 500 and 750 nmol/l TW37
reduced cell migration ability in a dose-dependent manner
(Fig. 4). A transwell assay was performed to determine the effect

of TW37 on cell invasion ability. Treatment of cells with 250, 500
and 750 nmol/l TW37 for 24 h significantly reduced the number
of H1975/EGFR-TKI cells that migrated through the membrane
in a dose-dependent manner, when compared with the control
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Figure 5. Expression levels of AKT, p-AKT and PIP3 in H1975/EGFR-TKI
cells. HI975/EGFR-TKI cells were treated with 0, 250, 500 and 750 nmol/l
TW37 for 24 h, and the levels of (A) PIP3 in the cell supernatant, and
(B) intracellular AKT and p-AKT were measured by enzyme-linked immu-
nosorbent assay and western blot analysis, respectively. Experiments were
performed in triplicate. “P<0.05 vs. Mock. AKT, AKT serine/threonine
kinase 1; p-AKT, phosphorylated AKT; PIP3, plasma membrane intrinsic
protein 3; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase
inhibitor; mock, untreated control.

group (Fig. 4). These results suggested that TW37 may inhibit
the migration and invasion of H1975/EGFR-TKI cells in vitro.

TW37inhibitedthe AKT signaling pathway in HI1975/EGFR-TKI
cells. In order to determine whether the AKT signaling
pathway may be involved in mediating the effects of TW37
on H1975/EGFR-TKI cell growth, the effect of TW37 on
the expression of PIP3 and the phosphorylation of AKT was
determined by ELISA and western blot analyses, respectively.
Following treatment of cells with 250, 500 and 750 nmol/l
TW37 for 24 h, the expression levels of PIP3 in the culture
supernatant were detected, and the intracellular expression
levels of p-AKT and AKT proteins were measured. As shown
in Fig. 5, TW37 significantly reduced the production of PIP3,
and markedly reduced the protein expression levels of p-AKT
in a dose-dependent manner when compared with untreated
controls. These results indicated that TW37 may inhibit AKT
signaling pathway activation in H1975/EGFR-TKI cells.

Discussion

As a proto-oncogene, Bcl-2 inhibits apoptosis and serves
important roles in the occurrence and development of tumors,
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as well as the development of drug resistance during the
treatment of cancer (15). A recent study demonstrated that
high protein expression levels of Bcl-2 are closely associated
with resistance of tumor cells to chemotherapy and radio-
therapy (16). Qiao et al (17) suggested that lung cancer cells
exhibited an enhancement of bcl-2 mediated anti-apoptosis
after treatment with chemotherapeutic drugs, thus resulting
in drug resistance. Since 2009, several studies have observed
high levels of Bcl-2 protein expression in a human lung cancer
cell line, which developed secondary resistance to gefitinib
treatment (18,19). This indicated that high expression levels of
Bcl-2 may be associated with the development of secondary
drug resistance to EGFR-TKI. Bcl-2 is a key downstream
factor of EGFR, RAS and additional signaling pathways (20).
As a target for the treatment and reversal of drug resistance,
Bcl-2 has recently gained significant interest. A previous study
suggested that synthetic peptides and adenovirus-mediated
targeted therapies inhibit the abnormal expression of Bcl-2 in
tumor cells, thus effectively suppressing tumor cell growth, and
reversing the resistance of cancer cells to chemotherapeutic
drugs (21). TW37 is known to inhibit the growth of a variety
of tumor cells, including breast, pancreatic and prostate cancer
cells (12,13). TW37 inhibits Bcl-2 expression and induces
S-phase cell cycle arrest by regulating several important cell
cycle-associated genes (12,13).

The aim of the present study was to investigate the effect
of TW37 on HI975/EGFR-TKI cell growth and to explore
the underlying mechanisms. First, the mRNA and protein
expression levels of Bcl-2 in H1975/EGFR-TKI cells prior
to and following treatment with TW37 was measured by
RT-qPCR and western blot analyses, respectively. The results
suggested that TW37 may effectively inhibit the expression of
Bcl-2. The effect of TW37 on H1975/EGFR-TKI cell growth
was then determined using an MTT assay. The results indi-
cated that TW37 significantly inhibited the proliferation of
H1975/EGFR-TKI cells in a dose-dependent manner. This
confirmed that TW37 demonstrated an anti-proliferative effect
on H1975/EGFR-TKI cells.

A number of previous studies have reported the pro-apop-
totic role of TW37 in various cancers (12,22-24). The results
of the current study are therefore consistent with those of
previous studies. The present study suggested that the rate of
H1975/EGFR-TKI cell apoptosis increased in a dose-depen-
dent manner. The balance of cell survival and apoptosis
signaling pathways is critical for determining the fate of cells,
and multiple genes and molecules are involved in the regula-
tion of this balance (25). Bcl-2 family proteins serve key roles
in regulating cell apoptosis (26), and the results of the present
study indicated that TW37 reduced the expression levels of the
anti-apoptotic protein Bcl-2, as well as induced apoptosis of
H1975/EGFR-TKI cells.

A previous study indicated that TW37 inhibited the
migration and invasion of pancreatic cancer cells (27).
Concordant with these findings, the results of the current study
suggested that TW37 inhibited the migration and invasion of
H1975/EGFR-TKI cells in a dose-dependent manner.

As one of the factors of the mitogen-activated protein
kinase signaling pathway, AKT serves an important role
in the regulation of cell proliferation, apoptosis and migra-
tion of cancer cells (28,29). The results of the present study
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indicated that TW37 significantly decreased levels of p-AKT
in H1975/EGFR-TKI cells in a dose-dependent manner.
This suggests that TW37 may mediate its anti-cancer
effects on H1975/EGFR-TKI cells by reducing AKT
phosphorylation.

In conclusion, the current study is the first to demonstrate
that TW37 significantly inhibits the proliferation, migration
and invasion of H1975/EGFR-TKI cells, as well as induces
apoptosis. These effects were associated with the inhibition
of AKT phosphorylation. The authors hypothesize that TW37
may reverse the resistance of NSCLC cells to EGFR-TKI
treatment, and may therefore serve crucial roles in improving
the efficacy of drug therapy in the treatment of patients with
NSCLC.
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