MOLECULAR MEDICINE REPORTS 23: 48, 2021

Inhibition of Bcl-2 and Bcl-xL overcomes the resistance
to the third-generation EGFR tyrosine kinase inhibitor
osimertinib in non-small cell lung cancer
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Abstract. Epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKIs) have demonstrated significant benefits
to patients with non-small cell lung cancer (NSCLC) harboring
EGFR-activating mutations; however, acquired resistance
limits their long-term efficacy. Therefore, it remains an urgent
requirement to discover the underlying mechanisms and inves-
tigate novel therapeutic strategies for overcoming the resistance
to EGFR TKIs. The present study aimed to determine the
mechanism underlying the resistance of NSCLC cells to
osimertinib, a third-generation EGFR tyrosine kinase inhibitor,
the osimertinib-resistant NSCLC cell sub-line HCC827/OR was
established in the present study. It was found that the expres-
sion levels of Bcl-2 and Bcel-xL were significantly upregulated
in resistant cells compared with sensitive cells. Furthermore,
the suppression of Bcl-2 and Bcel-xL through small interfering
RNA-mediated gene knockdown or using a small molecule
specific inhibitor ABT-263 re-sensitized HCC827/OR cells to
osimertinib treatment. Moreover, the combined treatment of
HCC827/0OR cells with ABT-263 and osimertinib enhanced
the rate of cell apoptosis through the mitochondrial apoptotic
pathway. Finally, ABT-263 was able to overcome the resistance
of osimertinib in xenograft tumor models. In conclusion, these
findings may provide an improved concept for the development
of a novel combined therapeutic strategy for the treatment of
NSCLC resistance to EGFR TKIs.

Introduction

Non-small cell lung cancer (NSCLC), which represents ~80%
of all lung cancers, is the most common type of cancer and
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the leading cause of cancer-related deaths worldwide (1,2).
Epidermal growth factor receptor (EGFR)-activating mutations
have been identified in 15-40% of patients with NSCLC and
have emerged as an effective therapeutic target (3). In fact, the
first-generation EGFR tyrosine kinase inhibitors (TKIs), such
as gefitinib and erlotinib, were discovered and recommended
as a standard therapy for patients with advanced NSCLC and
EGFR-sensitive mutations (4-6). However, despite the initial
significant response to the treatment with TKIs, acquired
resistance develops in the majority of patients with NSCLC
within a median time of 10-16 months, which limits the
long-term efficacy of TKIs (7). The acquisition of a secondary
T790M mutation in exon 20 of EGFR, which occurs in ~60%
of resistant cases, is the most commonly characterized mecha-
nism underlying the acquired resistance to the first-generation
of EGFR TKIs (8). To overcome the resistance induced by the
T790M mutation, osimertinib, as a third-generation EGFR
TKI, was developed and demonstrated a beneficial efficacy
in patients with NSCLC carrying the resistant T790M muta-
tion of EGFR (9,10). Unfortunately, similar to other EGFR
TKIs, the efficacy of osimertinib is limited due to acquired
resistance arising from multiple mechanisms, including the
EGFR C797S mutation and activation of parallel signaling
pathways, amongst others (11,12). Therefore, there remains
an urgent requirement to discover the underlying mechanisms
of resistance and investigate novel therapeutic strategies for
overcoming the recurring resistance to osimertinib.

Recently, increasing evidence has revealed that NSCLC
cells develop resistance to EGFR TKIs via inhibition of cellular
apoptosis by modulating apoptotic regulators belonging to the
Bcl-2 family (13,14). Among these, Bcl-2 and Bcel-xL, which
are EGFR/AKT downstream antiapoptotic signaling proteins,
have been identified to be responsible for the drug resistance
in numerous types of tumor, such as small-cell lung (15),
breast (16) and ovarian cancers (17).

The present study aimed to determine whether the
dysregulation of Bcl-2 and Bcl-xLL was involved in the resis-
tance of NSCLC cells to osimertinib through establishing an
osimertinib-resistant NSCLC cell sub-line, HCC-827/OR. The
results revealed that the expression levels of Bcl-2 and Bcl-xL
were upregulated in HCC-827/OR cells. Moreover, ABT-263, a
small molecular inhibitor of Bcl-2 and Bel-xL, was discovered
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to exert synergetic antitumor effects with osimertinib in
HCC-827/OR cells in vitro and in vivo. Overall, these findings
may provide a potential therapeutic strategy to overcome the
resistance of NSCLC to osimertinib.

Materials and methods

Cell lines and reagents. The NSCLC cell line HCC827 was
obtained from The Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences. Cells were cultured at
60-90% confluence in RPMI-1640 medium (Thermo Fisher
Scientific, Inc.), supplemented with 10% FBS (Thermo
Fisher Scientific, Inc.) and 1% penicillin-streptomycin, and
maintained at 37°C in a humidified incubator with 5% CO,.
Osimertinib-resistant HCC827 cell line (HCC-827/OR) was
established beginning with exposing HCC827 parent cells
to a culture medium with 5 nM osimertinib. When the cells
were resistant to 5 nM osimertinib, the concentration was
increased to 10 nM. During over a period of 6 months, the cells
were stably grown in a culture medium containing 100 nM
osimertinib. Osimertinib and ABT-263 were purchased
from MedChemExpress and Sigma-Aldrich (Merck KGaA),
respectively. Both drugs were dissolved in DMSO and stored
at -20°C. MTT reagent was purchased from Sigma-Aldrich
(Merck KGaA).

Cell viability assay. The inhibitory effects of osimertinib or
ABT-263 on cell viability were evaluated using an MTT assay.
Briefly, cells were seeded in 96-well plates (5x10° cells per
well) and treated with osimertinib, ABT-263 and osimertinib
and ABT-263 together at 1, 2.5, 5 or 10 uM, respectively, or
DMSO as the negative control for 24 h. Then, the medium
containing the drugs or DMSO was replaced with fresh
medium containing 0.5 mg/ml MTT and incubated for 4 h
at 37°C. Following the incubation, the MTT-containing
medium was discarded, and 150 1 DMSO was added to each
well to dissolve the formazan and shook for 15 min in the dark.
The absorbance at 570 nm was determined using a microplate
reader (Synergy H4; BioTek Instruments, Inc.).

Flow cytometric analysis of apoptosis. Cellular apoptosis was
analyzed using an Annexin V-FITC/PI Apoptosis Detection
kit (BD Biosciences), according to the manufacturer's protocol.
Briefly, cells were incubated with the indicated concentrations
of osimertinib, ABT-263, osimertinib and ABT-263, or DMSO
as the negative control for 24 h. The cells were subsequently
trypsinized, washed and resuspended in 200 pl binding buffer,
then stained with 5 ul PE and FITC for 15 min in the dark
at room temperature. Finally, the stained cells were subjected
to analysis by flow cytometry (Cytomics FC 500 MPL,;
Beckman Coulter, Inc.). The obtained data were analyzed
by CytExpert v2.3 (Beckman Coulter, Inc.). The early apop-
tosis was evaluated based on the percentage of cells with
Annexin V*/PI', while the late apoptosis was that of cells with
Annexin V*/PI*. The results are presented as the mean + SD of
three independent experiments.

Small interfering RNA (siRNA)-mediated knockdown of gene
expression. Bcl-2, Bel-xL and Bcl-2-like protein 11 (Bim)
siRNA or control siRNA were purchased from Shanghai

GenePharma Co., Ltd., and transfected into cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Briefly, cells
were seeded in the 6-well plates (1x10° cells/ml) with growth
medium without antibiotics 1 day before transfection, such
that they will be 30-50% confluence at the time of transfection.
For each transfection sample, the transfection complex was
prepared by dilution of 100 pmol siRNA oligomer and 5 pl
Lipofectamine 2000 with 250 x1 Opti-MEM medium (Thermo
Fisher Scientific, Inc.) without serum, which was added to each
well. After incubation at 37°C in a CO, incubator for 8-10 h,
the cultured medium containing siRNA and transection agent
was replaced with fresh medium. To confirm the downregula-
tion of the expression levels of the target proteins, cells were
collected and lysed 48 h after transfection, and western blot-
ting or reverse transcription-quantitative PCR (RT-qPCR)
was used to confirm the transfection efficiency. The following
siRNA sequences (Thermo Fisher Scientific, Inc.) were used:
Bcl-2 sense, 5'-GGAUGACUGAGUACCUGAAJdTAT-3' and
antisense, 3'-dTdTCCUACUGACUCAUGGACUU-5' (14);
Bcl-xL sense, 5-GGUAUUGGUGAGUCGGAUCATAT-3' and
antisense, 3'-dTATCCAUAACCACUCAGCCUAG-5' (18);
Bim sense, 5'-"AAUUGU CUACCUUCUCGGUdTdT-3' and
antisense, 3'-dTATUUAACAGAUGGAAGAGCCA (19); and
control siRNA sense, 5'-UUCUCC GAACGUGUCACGUTT-3'
and antisense, 5'-"ACGUGACACGUUCGGAGAATT-3".

Western blotting. Cells were harvested and lysed with
RIPA lysis buffer (Beyotime Institute of Biotechnology).
Total protein concentration was determined using a BCA
protein assay kit (Beyotime Institute of Biotechnology) and
30 ug protein/lane was separated by 12% SDS-PAGE. The
separated proteins were transferred onto PVDF membranes
(EMD Millipore) and blocked by 5% skimmed milk for 1 h
at room temperature. The membranes were then incubated
with primary antibodies (diluted 1:1,000 with 1% skimmed
milk for Bcl-2, Bcl-xL, BimEL, cytochrome c, cleaved- and
full length PARP-1 and caspase-3, and diluted 1:10,000 with
1% skimmed milk for -actin) overnight at 4°C, followed by
incubation with a horseradish peroxidase (HRP)-conjugated
secondary antibody (1:5,000 diluted by TBST) for 1 h at
room temperature. Protein bands were visualized using
an ECL reagent (EMD Millipore). p-actin was used as an
endogenous loading control. ImageJ (version 1.48; National
Institutes of Health) was used to analyze the grey level of
the bands. Representative data from =3 independent experi-
ments are presented. Primary antibodies against Bcl-2 (cat.
no. 12789-1-AP), Bcl-xL (cat. no. 26967-1-AP), BimEL (cat.
no. 22037-1-AP), cytochrome ¢ (cat. no. 10993-1-AP) were
purchased from ProteinTech Group, Inc. Primary antibody
against cleaved poly(ADP-ribose) polymerase-1 (PARP-1; cat.
no. sc-56196), PARP-1 (cat. no. sc-74470) and caspase-3 (cat.
no. sc-7272) were purchased from Santa Cruz Biotechnology,
Inc. Primary antibodies targeting [-actin (cat. no. 4970)
and cleaved caspase-3 (cat. no. 9664) and HRP-conjugated
secondary antibody (cat. nos. 7074 and 7076) were purchased
from Cell Signaling Technology, Inc.

Colony formation assay. A total of 1x10° cells/well were
seeded into 6-well plates at a single cell density and treated
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with osimertinib or/and ABT-263 or DMSO (negative control)
at the indicated concentrations for 48 h. The drug-containing
medium was replaced with fresh medium and cells were
cultured for 2 weeks. Then the cells were fixed with methanol
for 15 min at room temperature, followed by staining with
gentian violet (Beijing Solarbio Science & Technology Co.,
Ltd.) for 1 h at room temperature. The colonies with >50 cells
were counted under an inverted microscope (IX71; Olympus
Corporation; magnification, x10).

Xenograft study. The animal experimental protocol was
approved by the Animal Ethics Committee of Fudan
University Shanghai Medical School (Shanghai, China). A
total of 24 female BALB/c nude mice (age, 6-7 weeks; weight
20+2 g) were purchased from Shanghai SLAC Laboratory
Animal Co., Ltd., and housed in a specific pathogen-free envi-
ronment under a 12-h light-dark cycle at 23+1°C and 50+5%
humidity atmosphere, with free access to standard food and
water. A total of 5x10° HCC827/OR cells/mouse resuspended
in 200 ul PBS were subcutaneously implanted into the right
flank of nude mice. The tumor volume was measured using
a digital caliper and calculated using the following formula:
Volume = L x $* x 0.52, where L represents the longest tumor
diameter, and S is the shortest tumor diameter. The tumor
volume and mouse body weight were recorded every 3 days.
After the tumors reached a mean volume of 100 mm?, the
animals were randomly assigned into one of four groups
(n=6) and treated with vehicle control, 5 mg/kg osimertinib,
100 mg/kg ABT-263 alone or in combination; both agents
were administered by oral gavage daily. At the end of experi-
ment (32 days after implantation of tumor cells), the mice were
sacrificed by carbon dioxide asphyxiation with a flow rate of
15% chamber volume/min and the tumors were harvested and
weighed.

Immunohistochemistry. The xenograft tumor tissues were
immersed in 4% paraformaldehyde for >24 h at room
temperature, and transferred to 70% ethanol. Individual lobes
of tumor tissues material were placed in processing cassettes,
dehydrated through a serial alcohol gradient, and embedded in
paraffin wax blocks. Before immunostaining, 5 #m thick xeno-
graft tumor tissue sections were dewaxed in xylene, rehydrated
through decreasing concentrations of ethanol and washed
in PBS. Then, antigens were unmasked by microwaving
sections in 10 mmol/I citrate buffer, pH 6.0 (15 min), and
blocked with 5% goat serum (cat. no. SLO38; Beijing Solarbio
Science & Technology Co.,Ltd.) atroom temperature for 15 min.
Then, immunostaining was undertaken using the avidinbioti-
nylated enzyme complex method with antibodies against Bcl-2
(1:50 dilution, cat. no. 12789-1-AP; ProteinTech Group, Inc.),
Bcl-xL (1:50 dilution, cat. no. 26967-1-AP; ProteinTech Group,
Inc.), BimEL (1:50 dilution, cat. no. 22037-1-AP; ProteinTech
Group, Inc.) overnight at 4°C, and equivalent concentrations
of polyclonal nonimmune IgG controls. After incubation with
the biotin-conjugated secondary antibody (cat. no. GK600705,
Gene Tech, Inc.) for 2 h at room temperature and subse-
quently with streptavidin solution, color development was
performed using 3,3-diaminobenzidine tetrahydrochloride
(cat. no. P0203; Beyotime Institute of Biotechnology) as a
chromogen at room temperature for 1 min. Sections were

counterstained using Gill-2 hematoxylin (cat. no. C0107,
Beyotime Institute of Biotechnology) at room temperature
for 30 sec. After staining, sections were dehydrated through
increasing concentrations of ethanol and xylene. The sections
were observed and analyzed under a routine light microscope
(BX43; Olympus Corporation; magnification, x100 and x200).

Statistical analysis. Statistical analysis was performed using
GraphPad Prism software (v5.0; GraphPad Software, Inc.).
The IC,, values were fitted using a non-linear regression
model with a sigmoidal dose response. Results are representa-
tive from =3 independent experiments and presented as the
mean + SD. Comparisons between the control and treatment
groups were determined using a paired Student's t-test or a
one-way ANOVA, followed by Tukey's multiple comparison
test. P<0.05 was considered to indicate a statistically signifi-
cant difference. The combination index was calculated using
CompuSyn software (v1.0.1; ComboSyn, Inc.) by Chou (20).

Results

Establishment of osimertinib-resistant NSCLC cells. To
investigate the molecular mechanism underlying the resis-
tance of NSCLC cells to osimertinib, osimertinib-resistant
HCC827 cells (HCC-827/OR) were established through the
dosage-escalation of osimertinib over 6 months. The effects
of osimertinib on cell viability were analyzed using an MTT
assay in HCC827 and HCC-827/OR cells. HCC827 cells
were sensitive to osimertinib, demonstrating an ICs, value of
35.2 nM, whereas HCC827/OR cells were resistant to osimer-
tinib, exhibiting ICs, values of 2.45 uM, ~70-fold larger than
sensitive cells (Fig. 1A). The rate of cellular apoptosis induced
by osimertinib was determined using Annexin V/PI double
staining followed by flow cytometric analysis; the results
revealed that osimertinib effectively induced the apoptosis of
HCCB827 cells in a dose-dependent manner (Fig. 1B and C).
Upon treatment with 50, 100 or 200 nM, the total proportion
of apoptotic cells (Annexin V-positive staining) increased
from 4.7 to 13.0, 21.5 and 37.8%, respectively. In comparison,
the treatment of HCC827/OR cells with 1 or 2 yM osimertinib
failed to induce apoptosis (Fig. 1D and E). When HCC827/OR
cells were treated with 5 yM osimertinib, the total propor-
tion of apoptotic cells (Annexin V-positive staining) was
only 18.3%, indicating the resistance of HCC827/OR cells to
osimertinib-induced apoptosis.

Bcl-2 and Bcl-xL mediate the resistance of HCC827/0OR
cells to osimertinib. Since the Bcl-2 protein family is a major
regulator of cell apoptosis, the present study investigated
whether Bcl-2 and Bcl-xL were involved in the resistance
of HCC827/OR cells to osimertinib-induced apoptosis. The
results from the western blotting analysis revealed that both
the expression levels of Bcl-2 and Bcl-xL were significantly
upregulated in HCC827/OR cells (Fig. 2A) compared with
HCCS827 cells. Subsequently, the expression levels of Bcl-2
and Bcl-xL were knocked down by specific siRNAs in
HCCB827/OR cells (Fig. 2B and C), respectively, and the rate
of osimertinib-induced cellular apoptosis was determined.
The osimertinib-induced rate of cellular apoptosis was
significantly increased following the knockdown of either
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Figure 1. Establishment of osimertinib-resistant non-small cell lung cancer cells. (A) Effects of osimertinib on cell viability were analyzed using an MTT assay
in HCC827 and HCC-827/OR cells. (B) Representative profiles of apoptosis induced by osimertinib and (C) quantitative results were obtained using PE/FITC
staining in HCC827 cells. (D) Representative profiles of apoptosis induced by osimertinib and (E) quantitative results were obtained using PE/FITC staining
in HCC827/OR cells. Data are presented as the mean = SD from three independent experiments. “P<0.05 vs. DMSO treatment group.

Bcl-2 or Bel-xL (Fig. 2D-G), indicating that both Bcl-2 and
Bcl-xL contributed to the resistance of HCC827/OR cells to
osimertinib-induced apoptosis.

Bcl-2/Bcl-xL inhibitor ABT-263 acts in synergy with osimer-
tinib in NSCLS cells. Since the overexpression of Bcl-2 and
Bcl-xL were demonstrated to contribute to the resistance of
HCCS827/OR cells to osimertinib, the present study subse-
quently investigated whether ABT-263, an inhibitor of Bcl-2
and Bcl-xL, improved the sensitivity of HCC827/OR cells
to osimertinib treatment. HCC827/OR cells were treated
with a combination of osimertinib and ABT-263 or each
individual agent, and cell viability was determined using an
MTT assay. The combined treatment with osimertinib and
ABT-263 enhanced the inhibition of cell viability compared
with the treatment with each single agent alone (Fig. 3A). The

combination index (CI) was calculated using the Chou-Talalay
method (Fig. 3B), indicating the synergistic effect (CI <1) of
osimertinib and ABT-263 in osimertinib-resistant NSCLC
cells. In addition, the synergistic effect between osimertinib
and ABT-263 in cells was further confirmed using a colony
formation assay; the concurrent treatment of HCC827/OR
cells with osimertinib and ABT-263 resulted in the enhanced
inhibition of colony formation compared with the treatment of
cells with either agent alone (Fig. 3C and D).

ABT-263 enhances the rate of cellular apoptosis induced by
osimertinib. Cellular apoptosis induced by the combination of
osimertinib and ABT-263 or each individual agent were deter-
mined using Annexin V-PI double staining. The total number
of apoptotic cells (Annexin V-positive staining) induced by
the combined treatment of osimertinib and ABT-263 was



MOLECULAR MEDICINE REPORTS 23: 48, 2021

A <> [ HCC827 B [ Control C 3 Control
A a9 s [ HCCB27/0R g . O3 siBel2 g 2 siBekxl
%q, @, 2 10 ‘;'?* @ 15 ¥ @ 1.5
< ) = & £ . = £
) (8] 5 X 2 g k=3
RS & w 8 > 9, a . S a2
_ ) 8 66 6}* 2 1.0 (g.é q,‘}* L 10
Bo-2 e g 6 [ 1 ¢ & 8
[T c oE; dc_.r
Bobid | © - § ¢ ) Bcl-2 .W = Zos BekxL “w .o g os .
B-actin — s 2 B-actin wem—a—— S pactn DN
] [ =] 1 (] = 0.0 ] [y ® 0.0
= 0 o ¥ o ]
3 ‘b&" S k. Bel-2 2 Bcl-xL
—~ &
‘%E— HCC827/0R
D > E o .
© 1304 Control Osimertinib 2 uM Osimertinib 2 M + siBcl-2
§ —|— (0103 5% . O1-ULL 3 TH%) . O 5%
xr = -] k-]
& 20- g 1 ]
£ NP g
e w g 3
=] (S -
o &) |
10- :
8 o J@rALEIOM) | arumpaz
& c | ’ . ‘r.'c,\
osimertinib (M) 0 2 2
siBcl-2 B
F % HCC827/0R
§ 30- G Control Osimertinib 2 pM Osimertinib 2 pM + siBcl-xL
§ b rorerr [erumi B o
§ —_— r el %]
& 201 T o _
£ Q - 2
‘6 8 ®
%10- I %
=
8 | | 2
& oL '
osimertinib (M) 1] 2 2

siBcel-xL

Figure 2. Bcl-2 and Bcel-xL mediated the resistance of HCC827/OR cells to osimertinib. (A) Bcl-2 and Bcl-xL expression levels in HCC827 and HCC-827/0OR
cells were semi-quantified using western blotting analysis. (B) Bcl-2 and (C) Bcl-xL expression levels were knocked down by specific siRNAs in HCC827/OR
cells and semi-quantified using western blotting. Effects of (D and E) Bcl-2 and (F and G) Bcl-xL on osimertinib-induced cellular apoptosis were analyzed
using flow cytometry following PE and FITC double staining in HCC827/OR cells. “P<0.05 vs. control group or as indicated. siRNA/si-, small interfering RNA.

significantly increased compared with the number of apoptotic
cells induced by each individual agent alone (Fig. 4A and B).
To further determine the mechanism of apoptosis induced
by osimertinib with ABT-263, protein expression levels
were investigated using western blotting in HCC827/OR
cells (Fig. 4C and D). The results revealed that, compared with
the single agent treatment group, the combined treatment of
osimertinib and ABT-263 significantly upregulated the expres-
sion levels of BimEL and cytochrome c, in addition to promoting
the cleavage of caspase-3 and PARP-1. However, the expression
levels of Bcl-2 and Bcl-xL were not significantly affected. To
further verify whether the function of BimEL was involved in
the induction of cellular apoptosis, BimEL was knocked down
using siRNA and the knockdown efficiency was confirmed by
RT-qPCR (Fig. 4E). The knockdown of BimEL partially attenu-
ated the rate of cellular apoptosis induced by the combined
treatment of osimertinib and ABT-263 (Fig. 4F and G),
suggesting the contribution of BimEL to the induction of cellular
apoptosis. These results indicated that the combined treatment
of osimertinib with ABT-263 may enhance the rate of cellular
apoptosis through the mitochondria-initiated apoptotic pathway.

ABT-263 enhances antitumor effects of osimertinib in vivo.
To investigate the antitumor effects of osimertinib and
ABT-263 in vivo, a nude mouse subcutaneous tumor model
was established using HCC827/OR cells. Treatment of the
tumor model mice with either osimertinib or ABT-263 alone
led to a slight inhibition of tumor growth compared with the
vehicle treated control (Fig. 5A). However, the combination
of osimertinib with ABT-263 significantly inhibited tumor
growth compared with the single agent treatment groups.
At the end of the experiment, the tumors were harvested
and weighed. The combined treatment of osimertinib with
ABT-263 significantly suppressed tumor growth compared
with the single-drug treatment (Fig. 5B), further indicating
the potential synergistic antitumor effect of osimertinib and
ABT-263 combined. In addition, it was observed that the body
weight of osimertinib-treated mice was slightly less compared
with ABT-263 treated or vehicle treated mice. However, the
difference of body weight among four groups was not signifi-
cant, suggesting that treatment with the individual agents and
the combined use of both agents had slight toxic side effects
on the mice (Fig. 5C). It was hypothesized that the osimertinib,
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Figure 3. Bcl-2/Bcl-xL inhibitor ABT-263 acts in synergy with osimertinib in non-small cell lung cancer cells. (A) HCC827/OR cells were treated with a
combination of osimertinib and ABT-263 or each individual agent and cell viability was determined using a MTT assay. (B) CI of osimertinib and ABT-263
was calculated using the Chou-Talalay method. (C and D) Colony formation assay was used to determine the effects of the concurrent treatment of HCC827/OR
cells with both osimertinib and ABT-263. "P<0.05 vs. treatment alone or control group. CI, combination index.

both as single and combined agents, may possess side effect
on gastrointestinal tract and affect mice's food intake. The
expression levels of Bcl-2, Bcl-xL and BimEL were detected
in the xenograft tumor tissues using immunohistochem-
istry (IHC) (Fig. S1). Consistent with the in vitro experiments,
the results showed that combined treatment using osimertinib
and ABT-263 notably increased the expression of BimEL.
However, the expression levels of Bcl-2 and Bcel-xL. were
but not notably altered. This result indicated that ABT-263
enhanced osimertinib-induced cell apoptosis by elevating
BimEL expression.

Discussion

EGFR TKIs have provided a significant benefit for patients
with NSCLC harboring EGFR mutations (21); however,
the clinical efficacy of TKIs is hindered by acquired resis-
tance (22). Osimertinib, as a third generation TKI, was
discovered to overcome resistance to first and second genera-
tion TKIs, such as gefitinib, erlotinib and afatinib, by targeting
the T790M mutation of EGFR (23-24). However, similar to
other TKIs, NSCLC cells eventually develop resistance to
osimertinib (25). To identify the underlying mechanism, an

osimertinib-resistant cell line HCC827/OR was established
through the dosage-escalation of osimertinib over 6 months.
Compared with the osimertinib-sensitive HCC827 parent cells,
HCCS827/0R cells were insensitive to the growth inhibition
and apoptosis-induced effects of osimertinib, demonstrating
IC, values ~70-fold higher than HCC827 cells.

The inhibition of apoptosis has been identified as one of
the major mechanisms involved in the resistance of NSCLC
cells to osimertinib (13). Apoptosis is a mechanism of
programmed cell death, which is triggered by at least two
broad signaling pathways: The extrinsic pathway and the
intrinsic pathway. The extrinsic pathway is activated by the
interaction between specific ligands and death receptors that
belong to the tumor necrosis factor superfamily, subsequently
initiating the activation of the caspases cascade to produce
proteolysis of essential cell proteins. The intrinsic pathway,
also known as the mitochondrial apoptotic pathway, is initi-
ated by the release of cytochrome ¢ and other proteins from
the mitochondria into the cytosol, inducing the formation of
the apoptosome complex and the protease hydrolysis cascade.
Bcl-2 family proteins are well-known important regulators
of the mitochondrial apoptotic pathway, through keeping
the balance between pro- and antiapoptotic proteins. The



A 3 Control

o2}

MOLECULAR MEDICINE REPORTS 23: 48, 2021

2 Osimertinib Control Osimertinib ABT-263 _Osimertinib + ABT-263
= ABT-263 §1a|.m|?m| QIR 2 (U1 6% @ 1-UR 12 0% ® C1-ULL Y 96%) CI-UR(S 06%)| 2 QUL 45%) QLRI 15%)
£ Osimertinib + ABT-263 & e . ] +]
40- Q
- ~ - N
. « S <" <7
£ 30 — O &y ty
N 8 e 8
& T, 3
o 20 Ry 1
§- LN QLS X QR0 5%} y LS QT-LLT1LET 5 11.73%)
B O T T R T R T O i i i S T S T T T T
§ 104 FITG-A FITC-A FITCA FITGA
% THccszmior D 3 Control
T =3 Osimertinib E
C  Osimerinib -+ -+ ED ABT-263
ABT-263 - - + + = Osimertinib + ABT-263 3 Control
104 1.51 '
Bok2 | M- 3 . . B3 siBIM
s [ S o TE. | ——
1 £ (157 L] g E 10“
omeL [ ¢ P 3
Cyto C s ° I | : 8
voc (i # SBED  © il ses{| |
. = a * * o
Cleaved PARP - -5 % 2 . 200
composes WM ME W8 5 |0 ool
- >

Cleaved Caspase-3

401 G Control osimertinib + ABT-263  osimertinib + ABT-263
—_ — ] — By —_— % T
2 | AL 68 Rd 0T (1w %) S-UR[14 3% Q1-ULD 5%} RITBETH)
%, 30 I % N s 3]
= ~ = %
20 ® ” <° i
‘g § i, Py i e
g %
g 104 T 4 E] .
" QL2 '. VLR 0 08%) ™ Ql-u-(:ﬁ‘ G1-LR{0. 15%) " 137
0 [ T oo e T P W e w wr‘"cj? w1
osimertinib + ABT-263 - + + siBim () siBim (-) siBim (+)
siBim - - +

Figure 4. ABT-263 enhances cellular apoptosis induced by osimertinib. (A and B) Rate of cellular apoptosis induced by the combined treatment of osimertinib
and ABT-263 or each individual agent was determined using flow cytometry following PE and FITC double staining. (C and D) Cell lysates were evaluated using
western blotting analysis in HCC827/OR cells following the treatment with the combination of osimertinib and ABT-263 or each individual agent. (E) Bim
expression levels were knocked down by specific siRNAs in HCC827/OR cells and detected using reverse transcription-quantitative PCR. (F and G) Effects of
Bim knockdown on cellular apoptosis induced by the combined treatment of osimertinib and ABT-263 were analyzed using flow cytometry following PE and
FITC double staining in HCC827/OR cells. "P<0.05 vs. control group or as indicated. siRNA/si-, small interfering RNA; Bim, Bcl-2-like protein 11; cyto c,
cytochrome c; PARP, cleaved poly(ADP-ribose) polymerase 1.

A
1200+

@

£
£ o001
£ ool

S
£ 3001

=
0_

Control
ABT-263
<~ QOsimertinib
-7 ABT-263 + Osimertinib

&

Treatment (Days)

1
‘ |

9 12 15 18 21 24 27 30

Control
ABT-263
< Osimertinib
v ABT-263 + Osimertinib

_.
y

o
il

o
o

1

o
w

Tumor weight (g)

Treatment group

C Control
ABT-263
<~ Qsimertinib
269 s ABT-263 + Osimertinib
E)
E
k=3
2
==
B
s3]
16 T T T T T
0 6 12 18 24 30

Treatment (Days)

Figure 5. ABT-263 sensitizes tumor cells to the antitumor effects of osimertinib in vivo. (A) Antitumor effects of the combined treatment of osimertinib and
ABT-263 or each individual agent in a nude mouse subcutaneous tumor model using HCC827/OR cells. (B) Tumor weight of mice following the combined
treatment of osimertinib and ABT-263 or each individual agent. (C) Difference in the body weight of mice among each group was analyzed. "P<0.05.



8 LU et al: INHIBITION OF Bcl-2 AND Bcl-xL OVERCOMES RESISTANCE TO OSIMERTINIB

upregulation of antiapoptotic Bcl-2 family members, such as
Bcl-2, Bel-xL and induced myeloid leukemia cell differentia-
tion protein Mcl-1 (Mcl-1), have been identified in a number
of solid tumor and leukemia cell lines (26-29). In the present
study, Bcl-2 and Bcel-xL expression levels were upregulated
in the osimertinib-resistant cell line compared with the
sensitive parent cell line. In addition, the downregulation
of Bcl-2 or Bel-xLL expression levels by siRNA reversed the
drug resistance to osimertinib in HCC8278/OR cells. The
downregulation of Bcl-2 was also discovered to overcome
the apoptotic inhibition-induced resistance to first generation
EGFR TKI gefitinib, as previously reported (14,30), indicating
the essential role of Bcl-2 in the resistance of NSCLC cells to
EGFR TKIs.

ABT-263 is an orally bioavailable Bcl-2 family inhibitor
with a high affinity for Bcl-2 and Bcel-xL (31). Based on the
reported role of Bcl-2 and Bcl-xL in the resistance to osimer-
tinib, it was hypothesized that the combination of ABT-263
and osimertinib may overcome the resistance of NSCLC cells
to osimertinib. The results of the present study demonstrated
that ABT-263 re-sensitized HCC-827/OR cells to osimertinib;
the two agents exerted synergistic effects on the inhibition of
cell viability and colony formation ability. Moreover, ABT-263
enhanced osimertinib-induced cell apoptosis by elevating
BimEL levels and releasing cytochrome c, thereby resulting in
the cleavage of caspase-3 and PARP-1 (32,33). Bim is another
proapoptotic Bcl-2 family member that regulates cell apoptosis
through binding to antiapoptotic members, such as Bcl-2 and
Mcl-1, and inhibiting their activation, and/or directly activating
proapoptoic members, including Bax and Bcl-2 homologous
antagonist/killer (34). In the present study, the downregula-
tion of BimEL expression levels by siRNA confirmed the
contribution of this protein to the efficacy of osimertinib- and
ABT-263-induced apoptosis. Finally, ABT-263 was observed
to overcome the resistance of osimertinib in xenograft tumor
models and the expression levels of Bcl-2, Bcl-xL and BimEL
were also detected by IHC. Consistent with in vitro experi-
ments, results from IHC indicated that ABT-263 enhanced
osimertinib-induced cell apoptosis through elevating BimEL
levels.

As the first third-generation EGFR-TKI in clinical applica-
tion, osimertinib is primarily used for advanced NSCLC or
patients who relapse with poor Eastern Cooperative Oncology
Group scores, therefore it is hard to obtain pathological tissues
clinically from osimertinib-resistant patients. Hence, one of
the limitations of the present study was that the expression of
Bcl-2 and Bcl-xL were not determined in the tissues of patients
with osimertinib-resistant NSCLC. In the future the tissues of
patients with osimertinib-resistant NSCLC will be examined
and the results from clinical samples will be reported.

In conclusion, the present study revealed that the
expression levels of Bcl-2 and Bcel-xL were upregulated in
osimertinib-resistant NSCLC cells compared with sensi-
tive parent cells. In addition, the combined treatment with
osimertinib and ABT-263 exerted synergistic inhibition on
cell growth, and induced an increased rate of cell apoptosis
through the activation of the mitochondrial apoptotic pathway.
These findings may provide novel evidence for the develop-
ment of a combined therapeutic strategy for the treatment of
patients resistant to EGFR TKIs.
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