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MiR-25 reduces PC-9/BB4 cell apoptosis sensitivity
induced by gefitinib through downregulating BIM
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Abstract: Bcl-2 interacting mediator of cell death (BIM) that mediated apoptosis was found to be upregulated in drug
resistant lung cancer cell line. It was showed that miR-25 significantly elevated in lung cancer tissue from non-small
cell lung cancer patients. This study investigated the relationship between lung cancer drug resistance and abnor-
mal expression of miR-25 and BIM. Drug sensitive PC-9 cells and resistant PC-9/BB4 cells were cultured in vitro and
treated with gefitinib at 0.015 puM. Cell apoptosis was detected by flow cytometry. MiR-25 and BIM expressions were
compared. The targeted relationship between miR-25 and BIM was confirmed by dual luciferase reporter assay.
PC-9/BB4 cells treated by gefitinib at 0.015 uM were divided into six groups, including control, inhibitor NC, miR-
25 inhibitor, scramble-pMD18-T, BIM-pMD18-T, and miR-25 + BIM-pMD18-T. Cell viability was determined by CCK8
assay. Caspase activity was tested using spectrophotometry. MiR-25 expression in PC-9/BB4 cells was significantly
higher, while BIM level was obviously lower than that in PC-9 cells. Gefitinib markedly induced PC-9 cell apoptosis
and upregulated BIM expression, whereas showed poor impact on PC-9/BB4 cell apoptosis and BIM level. MiR-25
suppressed BIM expression through targeting its 3’-UTR. MiR-25 inhibitor and/or BIM overexpression significantly
upregulated BIM expression, enhanced caspase-9 and caspase-3 activities, declined cell viability, and increased
cell apoptosis. MiR-25 elevated, while BIM reduced in PC-9/BB4 cells. MiR-25 suppressed PC-9/BB4 cell apoptosis

induced by gefitinib through targeting BIM, which may play a role in PC-9/BB4 cell drug resistance.
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Introduction

Lung cancer is a common malignant tumor in
clinic as the leading cause of cancer death,
which is a severe threat to human life and
health [1]. Non-small cell lung cancer (NSCLC)
is the most common pathological type of lung
cancer, accounting for about 70% to 80% of all
lung cancer [2]. At present, surgical resection is
still the preferred treatment for NSCLC in early
stage. Because of conceals onset, unconspicu-
ous early symptom, and no sensitive specific
indicators, most patients have been in advan-
ced stage losing the best opportunity for sur-
gery. These patients mainly receive compre-
hensive treatment including radiotherapy, che-
motherapy, and surgery. Even so, the compre-
hensive treatment fails to significantly improve
the prognosis of patients [3]. Epidermal growth
factor receptor (EGFR) upregulates in most
tumors originated from epithelium, and its

excessive expression is related to tumor cell
proliferation, apoptosis, and invasion [4, 5]. Re-
cently, it was proved that molecular therapy tar-
geted EGFR played an important role in lung
cancer treatment, of which EGFR tyrosine kin-
ase inhibitor (TKI) has been approved by many
countries as first-line therapy for lung cancer in
advanced stage [6]. Numerous studies found
that almost all NSCLC patients may appear
recurrence or progress after treated by gefitinib
for 6 to 12 months, suggesting acquired drug
resistance [7].

BIM, also known as BCL2L11 (Bcl-2-like protein
11), belongs to the subfamily of Bcl-2 protein
family contains BH3-only domain structure and
plays a key role in triggering cell apoptosis [8,
9]. It was found that BIM protein downregula-
tion was associated with NSCLC pathogenesis
[10]. Various studies demonstrated that che-
motherapy drug induced lung cancer cell apop-
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tosis obviously by increasing BIM level, indicat-
ing the function of BIM in mediating cell ap-
optosis induced by chemotherapy drugs [11-
13]. Other studies showed that BIM level was
obviously higher in drug resistant lung cancer
cell line compared with drug sensitive cancer
cell line under the induction of gefitinib, reveal-
ing that BIM may be involved in acquired drug
resistance of lung cancer cells [14]. It has been
proved that miR-25 level markedly upregulated
in NSCLC tumor tissue, indicating that miR-25
may promote canceration of NSCLC [15, 16].
Bioinformatics analysis demonstrated the good
complimentary relationship between miR-25
and the 3’-UTR of BIM. This study explored the
relationship between lung cancer drug resis-
tance and abnormal expression of miR-25 and
BIM.

Materials and methods
Main reagents and materials

Drug sensitive NSCLC cell line PC-9 and drug
resistant cell line PC-9/BB4 were provided by
the Cancer Institute of Shanghai Tongji Uni-
versity. DMEM, FBS, and penicillin-streptomy-
cin were obtained from Gibco. Trizol and lipo-
fectamine 2000 were purchased from Invitro-
gen. Reverse transcription kit ReverTra Ace
gPCR RT kit was gotten from Toyobo. SYBR
Green Real-Time PCR Master Mixes were form
Life Technologies. MiR-25 nucleotide and PCR
primers were synthetized by Ribobio. Mouse
anti human BIM primary antibody was from Sa-
nta Cruz. Rabbit anti human Cleaved Caspase-3
and Cleaved Caspase-9 were purchased from
Cell Signaling. BCA protein quantification kit
was from Boster. RIPA lysis, Annexin V/Pl apop-
tosis detection kit, and Caspase enzyme activ-
ity detection kit were from Beyotime. Dual-
luciferase® Reporter Assay System and pGL3-
promoter plasmid were from Promega. Gefitin-
ib was bought from LC laboratories. GloMax
20/20 light detector was from Promega. Flow
cytometry instrument FC 500 MCL was bought
from Beckman. ABI 7500 real-time PCR was
from Life technologies. Electrophoresis appara-
tus was bought from Bio-Rad. Multifunctional
microplate reader was from BioTek.

Cell culture

NSCLC cell line PC-9 and PC-9/BB4 were cul-
tured in DMEM supplemented with 10% FBS
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and 1% penicillin-streptomycin and maintained
at 37°Cand 5% CO,,. The medium was changed
every two days. The cells were used for experi-
ments when the fusion reached 70% to 80%.

CCK-8 assay

The cells were seeded in 96-well plate at
1x10%/well for 24 h. Then the cells were treated
with gefitinib at O, 0.01, 0.1, 1.0, and 10.0 uM
for 48 h. Next, the medium was changed to 100
gl medium containing 10 yl CCK-8 reagent at
37°C for 4 h. At last, the plate was measured
on microplate reader at 450 nm. Each group
was repeated for six replicates. Relative viabili-
ty = (OD -ODbIank)/ODcontrolxlOO%'

test

Luciferase reporter gene vector construction

The 3’-UTR of BIM gene were amplified based
on HEK293 cell genome. PCR product was
recycled and double digested by Xbal/Notl.
Then it was connected to luciferase reporter
vector pGL-3M to transform DH5a competent
cells. After colony PCR, the positive clone was
screened and the plasmid with correct sequ-
ence was applied for cell transfection.

Luciferase reporter gene assay

The HEK293 cells were transfected with 200
ng pGL3-BIM-3'UTR, 50 nmol microRNA nucle-
otide fragment, and 50 ng pRLTK mixture
mediated by Lipofectamine 2000. After incu-
bated for 4-6 h, Opti-MEM medium was chang-
ed to DMEM medium supplemented with 10%
FBS and 1% penicillin-streptomycin for another
48 h. Luciferase activity was detected accord-
ing to the manual provided by the kit. After
washed by PBS for twice, the cells were added
with 100 ul PLB for 15 min and centrifuged at
10,000 g for 5 min. The supernatant was added
with 50 pl LAR Il and tested immediately in che-
miluminescence apparatus for fluorescence I.
Then the solution was added with 50 pl
Stop&Glo solution to test fluorescence Il. The
ratio of fluorescence | and fluorescence Il was
treated as relative expression level of lucifer-
ase activity.

Overexpression vector construction and cell
transfection

pMD18-T was selected as plasmid vector, while
EcolR1 and Sall were chosen as restriction
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endonuclease to amplify BIM gene. The prim-
ers for BIM were designed according to the
cDNA sequence of BIM in Gene Bank. Forward,
5-GACGAATTCATGGCAAAGCAACCT-3’, reverse,
5-GACGTCGACTTAATCAGGTGGAAG-3'. Gel elec-
trophoresis was performed to determine the
target fragment at 519 bp. The target fragment
was recycled and transform into competent cell
BJ5183 after connecting to vector. Positive
clones were screened upon ampicillin resistant
solid board and amplified to extract plasmid
containing target fragment. The inserted plas-
mid was sequenced to confirm the correctness.
Negative control plasmid (Scramble-pMD18-T
vector) or BIM overexpression plasmid (BIM-
pMD18-T vector) was transfected into PC-9/
BB4 cells using calcium phosphate transfec-
tion method. Stably transfected positive cell
clones were screened by G418. Transfected
PC-9/BB4 cells were treated by gefitinib at
0.015 yM and divided into six groups, including
control, inhibitor NC, miR-25 inhibitor, scram-
ble-pMD18-T, BIM-pMD18-T, and miR-25 +
BIM-pMD18-T. The cells were collected after 48
h for the following experiments.

qRT-PCR

Total RNA was extracted from cells using Trizol.
The cells were treated by 1 ml Trizol and extract-
ed by 200 pl chloroform. After 1 ml isopropanol
sediment and 1 ml 70% ethanol washing, total
RNA was diluted in DEPC water. Then the RNA
was reversely transcripted to cDNA by ReverTra
Ace gPCR RT Kit at 37°C for 15 min and 98°C
for 5 min. The reverse transcription system
contained 2 pg total RNA, 4 uL RT Buffer (5x%), 1
uL oligo dT + Random primer Mix, 1 uL RT En-
zyme Mix, 1 uL RNase inhibitor, and ddHZO. The
PCR primers used were as follows. miR-25P_:
5-CGGCGGCATTGCACTTGGTCTC-3’, miR-25P_:
5-GTGCAGGGTCCGAGGT-3’; UGP_: 5-ATTGGA-
ACGATACAGAGAAGATT-3', UGP_: 5-GGAACGC-
TTCACGAATTTG-3’; BIMP_: 5'-TAAGTTCTGAGTG-
TGACCGAGA-3’, BIMP_: 5-GCTCTGTCTGTAGG-
GAGGTAGG-3’; B-actinP.: 5-GAACCCTAAGGCC-
AAC-3', B-actinP_: 5-TGTCACGCACGATTTCC-3".
The PCR reaction system (10 pl of total volume)
was composed of 5 yl 2xSYBR Green Mixture,
1 ul forward and reverse primer at 2.5 uM, 1 ul
cDNA, and 3 pl ddH,0. The reaction was per-
formed on ABI 7500 for 40 cycles, including
95°Cfor 15s,60°Cfor30s,and 74°C for 30 s.
Each test was repeated for three times.
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Western blot

Total protein was extracted from the cells by
RIPA on ice and centrifuged at 10000 g for 30
min. After quantified by BCA method, a total of
50 ug protein was separated by 8% SDS-PAGE
for 3 h and transferred to PVDF membrane at
200 mA for 100 min. After blocked by 5% skim
milk at room temperature for 60 min, the mem-
brane was incubated in primary antibody at 4°C
overnight. After washed by PBST, the mem-
brane was further incubated in HRP labeled
secondary antibody at room temperature for
60 min. At last, the membrane was treated by
ECL chemiluminiscence reagent and devel-
oped. Quantity One was applied to analyze the
protein bind.

Caspase-3 and Caspase-9 activities detection

The Peptide nucleic acid (pNA) (10 mM) was
diluted to 0, 10, 20, 50, 100, and 200 yM with
standard dilution solution, respectively. Their
absorbance at 405 nm was tested to draw the
standard curve. The cells were digested and
centrifuged at 600 g for 5 min. After washed by
PBS, a total of 2x10° cells were added to 100
pl lysis at 4°C for 15 min. After centrifuged at
18,000 g for 10 min, the supernatant was
moved to a precooled Ep tube. For Caspase-3
enzyme activity detection, a total of 10 ul
Ac-DEVD-pNA (2 mM) was added to the solu-
tion and incubated at 37°C for 2 h to test absor-
bance at 405 nm. For Caspase-9 enzyme activ-
ity detection, a total of 10 pl Ac-LEHD-pNA (2
mM) was added to the solution and incubated
at 37°C for 2 h to test the absorbance at 405
nm.

Flow cytometry detection of cell apoptosis

The cells were digested by enzyme and collect-
ed. After resuspended in 195 L binding buffer,
the cells were added with 5 ul Annexin V-FITC
and 10 ul Pl at room temperature avoid of light
for 15 min. Then the cells were tested on flow
cytometry immediately after incubated on ice
for 5 min.

Statistical analysis

SPSS 18.0 software was applied for data analy-
sis. Measurement data was presented as mean
+ standard deviation and compared by t test. P
< 0.05 was depicted as significant difference.
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Results

MiR-25 elevated, while BIM declined in drug
resistant cell line

After treated with different concentrations of
gefitinib, PC-9 cell viability significantly declined
with IC50 at 0.043 pM. Drug resistant PC-9/
BB4 cell line was cultured based on PC-9 cells
treated by gefitinib for long-term, as it showed
lower sensitivity to gefitinib compared with
PC-9 cells (Figure 1). The relative viability of
PC-9 cells was 80% when treated by gefitinib at
0.015 pyM. Thus, this study used 0.015 yM as
the gefitinib concentration in the following
experiment. Compared with untreated group,
0.015 uM gefitinib obviously induced PC-9 cell
apoptosis but failed to exhibit significant impact
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Figure 1. MiR-25 elevated, while BIM declined in
drug resistant cell line. A. CCK-8 assay detection of
cell survival. B. Flow cytometry detection of cell apop-
tosis. C. gRT-PCR detection of miR-25 expression. D.
qRT-PCR detection of BIM mRNA expression. E. West-
ern blot detection of BIM protein level.

on PC-9/BB4 cells (Figure 1B). BIM expression
markedly increased in PC-9 cells after treated
by gefitinib, while was insensitive in PC-9/BB4
cells (Figure 1D and 1E). Further analysis dem-
onstrated that miR-25 level in PC-9 cells was
significantly lower than that in PC-9/BB4 cells,
whereas gefitinib intervention showed no app-
arent impact on miR-25 expression (Figure 1C).
It suggested that BIM downregulation in PC-9/
BB4 cells might be affected by miR-25 abnor-
mal elevation, that is miR-25 upregulation and
BIM declination may play a role in mediating
cell drug resistance.

MiR-25 regulated BIM expression

Based on the prediction by microRNA.org, miR-
25 showed good complimentary targeted rela-
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Figure 2. MiR-25 targeted regulated BIM expression. A. miR-25 targeted the 3'-UTR of BIM. B. Dual-luciferase report-
er assay. C. gRT-PCR detection of miR-25 and BIM gene expression. D. Western blot detection of BIM protein level.

tionship with the 3-UTR of BIM (Figure 2A).
Luciferase assay revealed that miR-25 eleva-
tion apparently decreased the relative lucifer-
ase activity in HEK293 cell lysis, whereas miR-
25 reduction obviously enhanced its relative
luciferase activity (Figure 2B). It indicated that
miR-25 can target on the 3’-UTR of BIM mRNA
and regulate its expression. Further investiga-
tion demonstrated that miR-25 upregulation or
declination significantly reduced and increased
BIM level in PC-9/BB4 cells, respectively, con-
firming that BIM was targeted regulated by
miR-25 (Figure 2C and 2D).

MIiR-25 targeted BIM weakened PC-9/BB4 cell
apoptosis sensitivity

We further discussed the impact of BIM and
miR-25 abnormal expression on PC-9/BB4 cell
drug resistance. MiR-25 inhibitor and/or BIM
overexpression transfection significantly upreg-
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ulated BIM expression (Figure 3A and 3B),
enhanced caspase-9 and caspase-3 activities
(Figure 3B and 3C), declined cell viability (Fi-
gure 3D), and increased cell apoptosis (Figure
3E).

Discussion

Lung cancer is the largest malignant fastest
threat to human health and life featured as the
fastest growing morbidity and mortality. It has
become the leading cause of death from can-
cer worldwide [1]. Following industry develop-
ment and atmospheric environment deteriora-
tion in the past twenty years, the morbidity and
mortality of lung cancer in our country kept
on increasing. It was reported that the lung can-
cer cases in our country grew from 600,000
to 700,000, the morbidity grew from 46.1/
100,000 to 50.5/100,000, while case fatality
rate grew from 37.0/100,000 to 42.3/100,000

Int J Clin Exp Med 2017;10(1):1696-1704



MiR-25 targets BIM

in gefitinib resistance

A @ Control €8 KNG €3 miR:25 inhibior ) scrambie-pMp1aT B Cleaved — D — > Gl
BIM-pMD18-T miR-25 inhibitor+BIM-pMD18-T Caspase-3
69 Cleaved
— D e—— o G
= Caspase-9
=]
@ BIM —— D —— S D
@ .
sactin (D (D GID GID GID &
o N 3 Y
«© o ? @ ®°
g N AR IV
= N » o® Nl ad
- W Y 6‘“\ o0 o
) « eo"‘ -“_0‘
- «
2%
miR-25 BIM o
C 3 Control B3 inhibitor NC @8 miR-25 inhibitor @@ Scramble-pMD18-1 D
@l BIM-pMD18-T @ miR-25 inhibitor+BIM-pMD18-T =
8.
z =100] o L e o
> <
g7 2
M © 801 =
>
g 3 601 1
o 31 3
E 3 T
@ 5l > 401
(] —
Q 1]
s ®
2 4l o 20
o
°
o
0- s m = 3 0 T T T T T
aspase-! aspase-
0\(0\ “;0 .\o\\.o‘ J\$:‘ \it“‘ 1\%:‘
[V R A\ N ;S
E o " A S
Control inhibitor NC miR-25 inhibitor h 6;&' 0 ° < o'
b 1) Bz i Bz T B2 5d v\\o
0% 6% 1% s2% 9.2% 128% '\(\‘{\
w w w ik q‘:f:
6\\
s B H ”V‘E) w
92.T% 1.2% 191.8% 1.6% TTA% o8%
M K . J * ) .
e e b e B Figure 3. MiR-25 targeted BIM weakened
i PR - PC-9/BB4 cell apoptosis sensitivity. A. gRT-
Scramble-pMD18-T BIM-pMD18-T +BIM-pMD18-T PCR detection of miR-25 and BIM gene
E P ] TEL B T e | expression. B. Western blot detection of
- *y e - i protein expression. C. Spectrophotometry
T o L :,; el detection of caspase activity. D. CCK-8
i st = i Paes e assay detection of cell survival. E. Flow cy-
% | E tometry detection of cell apoptosis.
it A . A Sl AR

A v

in the last five years [17]. Lung cancer exhibited
the leading new onset cases, death cases, and
ill cases among malignant tumors in our coun-
try [17]. The emergence of new anti-cancer
drugs and new treatment measures failed to
improve the prognosis of patients significantly.
The five-year survival rate of patients in stage |
was 60%-80%, and it was 1% in stage IV, result-
ing in the mean survival rate was 10%-15% [3].
As the main treatment of advanced NSCLC, the
efficacy of chemotherapy has reached a pla-
teau, which is difficult to further improve the
survival of patients. With the further develop-
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ment of molecular targeted therapy, small mol-
ecule TKI gefitinib targeting EGFR obtained sig-
nificant clinical effect on NSCLC patients in
advanced stage [18]. Compared with traditional
chemotherapy, EGFR-TKI can effectively extend
the progression-free survival time and improve
the quality of life, especially on those with EGFR
mutations [19]. However, EGFR-TKI drugs in-
duce serious acquired drug resistance, and its
effectiveness can only maintain for 6-10 mo-
nths. Most patients getting curative effects are
easy to relapse after remission after a certain
time. Almost all the patients exhibit new prog-
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ress after a period of remission. Drug resis-
tance has become an important restriction for
EGFR-TKI drugs application in clinic.

BIM, a member of the subfamily of Bcl-2 protein
family containing BH3-only domain structure,
plays an important role in the induction of
apoptosis [8, 9]. The BH3-only domain struc-
ture of BIM is the main domain to promote
apoptosis, which transfers Bax from cytoplasm
to the mitochondria and increases the perme-
ability of mitochondrial membrane. It further
leads to cytochrome C release to cytoplasm to
activate Caspase-9 and downstream Caspase-
3, resulting in mitochondrial dependent endog-
enous apoptosis pathway activation [20]. Sa-
kakibara, et al. found that BIM expression in
NSCLC tumor tissue significantly declined, sug-
gesting that BIM reduction may be involved in
NSCLC pathogenesis [10]. A variety of investi-
gations demonstrated that anti-cancer drugs
significantly upregulated BIM expression except
inducing lung cancer apoptosis, indicating that
BIM played a role in drugs inducing lung cancer
apoptosis [11-13]. Li, et al. showed that under
the induction of gefitinib, BIM expression in
drug resistant lung cancer cell line was obvi-
ously higher than that in drug sensitive cell line,
revealing that BIM expression and function
changes may participate in drug resistance for-
mation [14]. Xiang, et al. reported that miR-25
expression markedly upregulated in NSCLC tis-
sues [15]. Yang, et al. found that miR-25 level in
NSCLC tumor tissue was apparently higher th-
an that in para-carcinoma tissue [16], suggest-
ing that miR-25 elevation may promote cancer-
ation in NSCLC. MicroRNA target gene predic-
tion presented that miR-25 had good target
complementary relationship with the 3’-UTR of
BIM. This study investigated the relationship
between lung cancer drug resistance and ab-
normal expression of miR-25 and BIM.

Our results demonstrated that PC-9 cell viabili-
ty obviously declined after gefitinib treatment
on concentration gradient, whereas PC-9/BB4
cells were slighter influenced by gefitinib treat-
ment, confirming PC-9/BB4 cells gained resis-
tance to gefitinib. Certain concentration of gefi-
tinib treatment significantly induced PC-9 cell
apoptosis but showed lower sensitivity to PC-9/
BB4 cells apoptosis. BIM expression in PC-9/
BB4 cells was obviously lower than that in PC-9
cells. On the contrary, miR-25 level in PC-9/
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BB4 cells was higher. Gefitinib significantly
increased BIM expression in drug sensitive cell
line PC-9 but not in PC-9/BB4, which was simi-
lar with the result published by Li [21]. It sug-
gested that BIM downregulation in PC-9/BB4
cells may be the result caused by miR-25
abnormal elevation, as their dysregulation may
play a role in mediating drug resistance. Dual
luciferase reporter assay showed that miR-25
mimic and miR-25 inhibitor reduced and upreg-
ulated luciferase activity in HEK293 cell lysis,
respectively. They also declined and enhanced
BIM gene and protein expressions in PC-9/BB4
cells, respectively, confirming that BIM was reg-
ulated by miR-25. Thus, we further discussed
the function of miR-25 and BIM dysregulation in
gefitinib induced NSCLC cell apoptosis and
drug resistance. MiR-25 inhibitor transfection
and/or BIM overexpression obviously increased
BIM expression in PC-9/BB4 cells, enhanced
caspase-9 and caspase-3 activities, elevated
cell apoptosis and drug sensitivity. Li, et al.
reported that BIM silencing inhibited gefitinib
induced cell apoptosis, which was similar to our
results [21]. For the relationship between BIM
and EGFR-TKI drug sensitivity, Zhao, et al. dem-
onstrated that the PFS (4.7 months) and drug
response rate (25%) in NSCLC patients with
BIM gene deletion polymorphism were signifi-
cantly lower than that without deletion polymor-
phism (PFS at 11 months and drug response
rate at 66%) [22]. Huang, et al. also found that
NSCLC patients with BIM gene polymorphism
showed worse prognosis and curative effect of
EGFR-TKI drug compared with patients without
polymorphism [23]. This study explained the
role of BIM in mediating NSCLC cancer cell
acquired drug resistance and apoptosis insen-
sitivity and related epigenetic mechanism from
the aspect of microRNA. MiR-25 was found to
promote NSCLC cell proliferation through tar-
geting FBXW7 [15]. Moreover, Chen, et al. pro-
ved that miR-25 attenuated NSCLC cell apopto-
sis by targeting RGS3 [24]. Wu, et al. presented
that miR-25 suppressed NSCLC cell apoptosis
by regulating MOAP1 [25]. In this study, miR-25
abnormal upregulation weakened the apopto-
sis sensitivity of PC-9/BB4 cells induced by
gefitinib through inhibiting BIM expression,
explaining the influence of miR-25 on drug
resistance and tumor promotion.

MiR-25 upregulated, while BIM declined in gefi-
tinib resistant PC-9/BB4 cells. MiR-25 inhibited

Int J Clin Exp Med 2017;10(1):1696-1704
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cell apoptosis induced by gefitinib through tar-
geting BIM, which may play a role in PC-9/BB4
cell drug resistance.
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