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Abstract: miR-495 serves as an oncogenic miRNA or a tumor suppressor in different types of cancer. However,
its role in the drug resistance of small cell lung cancer (SCLC) remains unidentified. In this study, we investigated
whether miR-495 regulates the chemoresistance of SCLC through the epithelial-mesenchymal transition (EMT) via
Epithelial and endothelial tyrosine kinase (Etk/BMX) using two drug-resistant cell lines. Loss- and gain-of-function
experiments showed miR-495 regulated cell proliferation, tumor growth and drug resistance. miR-495 suppression
or Etk/BMX elevation in SCLC specimens was correlated with poor pathologic stage and survival time. Etk/BMX
was one of the directly targeted genes of miR-495. Ectopic expression of Etk/BMX obviously rescued the miR-495
elevation elevation-induced inhibition of drug resistance. Etk/BMX over-expression led to higher levels of EMT mes-
enchymal factors (Zeb-2, Twist, Vim) and lower levels of the epithelial molecule B-catenin, while suppression of Etk/
BMX showed the opposite trend. Knockdown of Zeb-2 and Twist inhibited the chemoresistance of cells. Our study
revealed that miR-495 promoted the chemoresistance of SCLC through the epithelial-mesenchymal transition via
Etk/BMX. miR-495 re-expression or Etk/BMX depletion is a promising strategy for interfering with chemoresistance
in SCLC.
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Introduction human ovarian and miR-216a/217 in hepato-

cellular carcinoma [5-8]. Our previous study
Lung cancer is one of the leading causes of also investigated the different miRNAs between
cancer death worldwide. Small cell lung cancer SCLC-sensitive and -resistant cells, and we first
(SCLC) accounts for approximately 15% of all reported that miR-495 was significantly lower in
lung cancers [1, 2]. The 2-year survival rate is the resistant cells of SCLC [9]. miR-495 was
generally less than 5% in patients with SCLC, first found in the brain tissues and can regulate

and 90% of patients die within 5 years after the
final diagnosis. Chemotherapy remains a major
treatment for SCLC. Although it shows remark-
able sensitivity to chemotherapeutic drugs,
SCLC is characterized by high relapse rates and
a subsequent poor prognosis. The aggressive-
ness of SCLC may, in part, be due to its intrinsic
and extrinsic chemoresistance [3, 4]. Therefore,
it is increasingly challenging to understand the
molecular mechanism of chemoresistance and
develop effective therapeutic strategies to
overcome the drug resistance of SCLC.

neuronal plasticity by affecting the expression
of brain-derived neurotropic factor [10]. The
function of miR-495 remains controversial in
different types of cancer. For example, it serves
as a tumor suppressor in MLL-rearranged leu-
kemia but functions as an oncogenic miRNA in
breast cancer [11, 12]. However, whether miR-
495 serves as a tumor suppressor or an onco-
gene in SCLC has not been reported. We are
also not completely certain whether miR-495
affects the chemoresistance of SCLC. Thus,
more studies need to be performed to demon-
It is becoming clear that MicroRNA play a piv- strate the effect of miR-495 on the drug sensi-
otal role in drug resistance, such as miR-214 in tivity of SCLC. Additionally, the mechanism of
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miR-495 in SCLC chemoresistance should be
further studied.

To detect the target gene of miR-495, bioinfor-
matics analysis was conducted, and the results
indicated that Epithelial and endothelial tyro-
sine kinase (Etk), also known as bone marrow X
kinase (BMX), may be a target gene of miR-495.
Etk/BMX is an important member of the family
of Tec non-receptor tyrosine kinases [13-16]. It
has been reported that Etk/BMX is involved in
various biological processes, including prolifer-
ation, differentiation, apoptosis and cell migra-
tion [17-19]. In addition, our previous studies
found that Etk/BMX participated in the chemo-
resistance of SCLC. We knocked down Etk/
BMX expression in multi-drug-resistant SCLC
H69/AR cells by Etk/BMX-specific small inter-
fering RNA, leading to the increased sensitivity
of H69/AR cells to chemotherapeutic drugs
[20]. Whether miR-495 directly influenced the
expression of Etk/BMX is unknown.

Accumulating studies have revealed that EMT
is linked to drug resistance in cancers such as
bladder cancer and non-small cell lung cancer
[24, 22]. The hallmark of EMT is the loss of the
epithelial markers, such as E-cadherin and
B-catenin, and gain of mesenchymal molecules,
such as N-cadherin and Vimentin (Vim). The
factors containing Snail, Slug, Twist, and other
transcription factors, which interact with E-box
elements, are significant inducers of EMT by
repressing E-cadherin expression [23, 24].
Whether EMT plays an important role in the
drug resistance of SCLC has not been reported.
We analyzed the data from cDNA microarray in
cellular models of SCLC that were widely used
as sensitive (H69) and resistant (H69/AR) cell
lines to chemotherapy in the previous study.
The results showed that EMT-related markers
(Zeb-2, Twist, Vim and [B-catenin) were signi-
ficantly different (> 3-fold) (Supplementary
Figure 1). However, it remains unclear whether
the aberrant expression of these EMT-asso-
ciated genes is directly responsible for chemo-
resistance in SCLC.

As noted above, we proposed the hypothesis
that the down-regulation of miR-495 promotes
the chemoresistance of SCLC through the epi-
thelial-mesenchymal transition via Etk/BMX. To
investigate this hypothesis, we used two drug-
resistant cell lines-H69/AR and H446/AR-in a
series of assays.
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Materials and methods
Tissue preparation

The experiments were undertaken with the
understanding and written consent of each
subject. The study methodologies conformed
to the standards set by the Declaration of
Helsinki. This study was approved by the Ethics
Committee of Southern Medical University.
Eighty-six SCLC and sixty normal lung tissue
samples were obtained by biopsy from January
2008 to December 2011 from Zhujiang and
Nanfang Hospitals (Southern Medical Univer-
sity, Guangzhou, China). All of the patients had
not received chemotherapy before biopsy, and
they received chemotherapy and radiation after
biopsy if necessary. Each case was indepen-
dently reviewed by two pathologists according
to the WHO criteria.

Immunohistochemical staining

Tissues sections were deparaffinized and rehy-
drated routinely. Before the addition of primary
antibody, antigen was retrieved by heating the
sections. After blocking with 0.3% H,O, and
goat serum, the slides were then incubated
with a primary antibody (Etk, 1:100; BD Biosci-
ences, USA) at 4°C overnight. Following three
washings in phosphate-buffered saline (PBS),
an avidin-biotin complex (Vector Labs, Burlin-
game, USA) and alkaline phosphatase mixture
were applied. The reaction products were visu-
alized using 3’diaminobenzidine (DAB), 5-bro-
mo-4-chloro-3-indolyl phosphate/nitro blue tet-
razolium (BCIP/NBT) and 3-amino-9-ethylcar-
bazole (AEC) (MaximBiotech, Inc. CA, USA). All
of the slides were subsequently counterstained
with hematoxylin. Brown-yellow granules in the
cytoplasm were considered positive staining
for Etk/BMX. Negative controls were performed
by replacing the primary antibodies noted
above with PBS.

Cell culture and transfection

The human small lung cancer cell lines NCI-
H446 and NCI-H69, as well as the correspond-
ing drug-resistant subline H69/AR, were pur-
chased from the American Type Culture Coll-
ection (ATCC) and were maintained in RPMI
1640 medium supplemented with 10% new-
born bovine serum (GIBCO) at 37°C with 5%
CO,. H446/AR cells were developed as
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described previously [25]. The two resistant
cell lines were tested regularly for maintained
resistance to the selected drugs. The growth
and morphology of all cell lines were monitored
on a weekly basis.

The plasmid encoding the full-length Etk was
kindly provided by Dr. Hsing-Jien Kung [26]. The
short hairpin RNA (shRNA) targeting Etk and
small interfering RNAs (siRNAs) targeting Zeb-2
and Twist were all supplied by Shanghai Gene-
Pharma Co., Ltd. The mimics and antagomir of
miR-495 were from Guangzhou RibiBio Co., Ltd.
The transfection process was conducted
according to the manufacturer’s instructions
for Lipofectamine 2000 (Invitrogen).

Real-time quantitative reverse transcription-
PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent
(Invitrogen) and was quantified with a NanoDr-
op2000. Reverse transcription reactions were
performed for 15 min at 37°C, followed by 5 s
at 85°C for complementary DNA synthesis.
Real-time reactions were performed using the
SYBR® PrimeScript™ RT-PCR Kit (Takara Bio-
technology Co., Ltd. Dalian, China). Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) or
U6 snRNA was used as the housekeeping gene.
The mRNA expression levels of all samples
were normalized to the housekeeping gene.
The high value of miR-495/U6 indicates the low
expression of miR-495.

Western blot analysis

Cell proteins were extracted with RIPA lysis buf-
fer, and the concentrations were determined
using the standard BCA method (BCA™ Protein
Assay Kit, Pierce, USA). Each protein sample
was homogenized in the loading buffer and
boiled for 5 min and then separated by 8%
SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene fluo-
ride (PVDF) membranes (Millipore, Etten-leur,
Netherlands). The membranes were blocked
with 5% non-fat dried milk for 2 h and then
treated with primary antibodies, including Etk,
Zeb-2, Twist, Vim, and B-catenin antibodies,
overnight at 4°C. The membranes were washed
again with TBST (10 mM Tris, pH 8.0, 150 mM
NaCl, and 0.1% Tween 20), followed by incuba-
tion with horseradish peroxidase-labeled sec-
ondary antibody (Beijing Biosynthesis Biote-
chnology Co. Ltd.) for 45 min at room tempera-
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ture. Finally, after treatment with super echo-
chemiluminescence (ECL) plus detection rea-
gents, the protein bands of the membranes
were visualized by exposure to X-ray film. The
protein band intensities were quantified using
Quantity One software.

In vitro drug resistance assay

The ranges of drug concentrations were based
on earlier studies and were aimed at obtaining
the half-maximal (50%) inhibitory concentration
of a substance (IC50) [20, 27]. Three anti-can-
cer drugs-cisplatin (DDP; Shangdong, China),
etoposide (VP-16; Jiangshu, China), and adria-
mycin (ADM; Jiangshu, China)-were obtained
from commercial sources and were dissolved
according to the manufacturer’s instructions.
Anti-cancer drug-induced cell death was quan-
tified using the Cell Counting Kit-8 assay (CCK-
8). Cells were seeded in 96-well plates and
then treated for 24 h in 200 pl of medium with
anti-cancer drugs. CCK-8 reagent (Dojindo,
Kumamoto, Japan) was then added, and the
cells were incubated at 37°C for 2 h before the
absorbency was read at 450 nm using a micro-
plate reader.

Cell proliferation assay

The cells were seeded in 96-well plates at 2 x
108 cells/well. At the indicated times (O h, 24 h,
48 h, 72 h, and 96 h), 10 ul of CCK-8 and 100
pl of RPMI 1640 were added to each well. The
cells were incubated for 2 h, and the absor-
bance at 450 nm was measured to calculate
the cell growth rates. Growth rate = (absor-
bance at 450 nm at x h-absorbance at 450 nm
at O h)/(absorbance at 450 nm at O h).

Cell scratch-wound healing assay

The cells were seeded on 24-well plates and
grown until monolayer formation. Wound areas
were scraped using 100-ul plastic tips. At the
indicated times (O h, 12 h, and 24 h), the wound
areas were photographed and the wound heal-
ing rate was calculated. Healing rate = (width of
wound at x h- width of the wound at O h)/width
of wound at O h.

Cell invasion assay
Using 24-well transwell units with 8-um-pore-

size polycarbonate inserts, Matrigel (50 ul) as a
basement membrane was spread on the poly-
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Figure 1. The role of miR-495 and Etk/BMX in the clinicopathological characteristics of SCLC patients was studied.
A: Expression of miR-495 in SCLC and normal lung tissues by qRT-PCR. B: Kaplan-Meier analysis of the overall sur-
vival of 86 patients with SCLC based on miR-495 expression. C: The brown-yellow granules in the cytoplasm were
considered positive staining for Etk/BMX. D: The relationship between Etk/BMX and survival was studied by Kaplan-

Meier analysis in patients with SCLC.

carbonate membrane and allowed to solidify
for 1 h at room temperature. Cells suspended
in RPMI 1640 containing 5 g/1 BSA were added
to each upper compartment of the transwell
units. After culture for 48 h, cells migrating
through the Matrigel-coated polycarbonate
membrane were fixed with paraformaldehyde,
stained with crystal violet and counted in five
different fields randomly.

Flow cytometry assay for cell apoptosis

The cells treated with or without chemothera-
peutic drugs including DDP, VP-16 and ADM
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were harvested, washed with PBS, and resus-
pended in binding buffer containing 7-AAD for
10 minutes, followed by the addition of Annexin
V-PE. Cell apoptosis analysis was carried out
using a flow cytometer (BD Biosciences, Oxford,
United Kingdom).

In vivo tumorigenicity assay

Male nude mice (six weeks old, weighing 18-20
g, from the Medical Experimental Animal Center
of Guangdong Province, China) were used for in
vivo assays. The mice were raised under patho-
gen-free conditions. All of the procedures were

Am J Cancer Res 2017;7(3):628-646
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Table 1. Association of miR-495 expression
and clinicopathological characteristic in SCLC
patients

Expression of

Characteristics No. miR-495,/U6 P
Gender
Male 69 0.88+0.19 0.306
Female 17 0.83+0.16
Age (years)
<59 years 49 0.83+0.15 0.824
> 59 years 37 0.85+0.19
Clinical stage
LD 66 0.75+0.14 0.000
ED 20 1.03+0.12
Status
Survival 20 0.66+0.10 0.000
Death 66 00.9040.15

Significant differences are shown in bold.

performed according to the guidelines of the
Association for Assessment and Accreditation
of Laboratory Animal Care International.

The miR-495/antagomir cells were subcutane-
ously inoculated into the legs of nude mice to
establish the tumor model. After 10 days, the 5
nmol miR-495/antagomir was inoculated into
the tumor every 3 days. The tumor volume was
determined three times per week by direct
measurement with a sliding caliper and was
calculated with the following equation: V = (4/3)
x 1 x R1? x R2, where R1 is radius 1 and R2 is
radius 2 and R1 < R2. Growth curves of the
tumors were constructed. Twenty-two days
later, 5 mice from each group were sacrificed
and the tumors were excised. The tumors were
homogenized to extract protein for detecting
the expression of Etk/BMX, Twist, Zeb-2, Vim
and B-catenin. The other mice of each group
were continually raised to record the survival
time.

Luciferase reporter assay

The wild-type and mutated 3'UTR segments of
Etk/BMX predicted to interact with miR-495
were amplified by PCR from human genomic
DNA and were inserted into the psiCHECK-2
vector immediately downstream from the stop
codon of luciferase (Promega) to develop psi-
CHECK2-Etk/BMX-3'UTR and psiCHECK2-Etk/
BMX-mut-3’UTR, respectively. Cells in 24-well
plates were transfected with psiCHECK2-Etk/
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BMX-3'UTR, psiCHECK2-Etk/BMX-mut-3'UTR
or psiCHECK-2, respectively. Additionally, miR-
495 mimics and antagomir were co-transfect-
ed into the cells. Luciferase activity was
assayed at 48 h post-transfection using a dual-
luciferase reporter assay system (Promega).

Statistical analysis

Data were analyzed using SPSS20.0 software.
The results are presented as the means + SD
(standard deviation). Comparison of the means
between two samples was performed using
Student’s t test. Statistical comparisons of
more than two groups were performed using
one-way analysis of variance (ANOVA). The
associations between Etk/BMX expression and
clinical features were analyzed with a Pearson
chi-squared test. Survival curves were obtained
by Kaplan-Meier analysis. In all cases, P < 0.05
was considered statistically significant.

Results

The role of miR-495 and Etk/BMX in the clini-
copathological characteristics of SCLC patients

To investigate the role of miR-495 expression in
patients with SCLC, we examined the expres-
sion level of miR-495 in 86 SCLC tissues and
60 normal lung tissues. The results revealed
that the average expression level of miR-495
was obviously lower in the SCLC samples than
in the normal tissues (Figure 1A). Furthermore,
the relationships between miR-495 expression
and clinicopathological characteristics in SCLC
patients are summarized in Table 1. No signifi-
cant association was observed in any of the 86
SCLC cases between miR-495 expression and
the patient’s sex or age. However, the expres-
sion of miR-495 was positively correlated with
the tumor pathologic stage. Kaplan-Meier anal-
ysis revealed that miR-495 expression was
closely associated with the overall survival rate
of the SCLC patients (Figure 1B).

Table 2 summarizes the relationship between
Etk/BMX expression and clinical characteris-
tics in SCLC patients. Of the 66 cases with lim-
ited stage SCLC, 42 (63.6%) showed Etk/BMX
expression, while all 20 (100.0%) cases were
positive for Etk/BMX expression in patients
with extensive stage. The expression of Etk/
BMX revealed an obvious correlation with the
pathologic stage (P = 0.001). The negative

Am J Cancer Res 2017;7(3):628-646
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Table 2. Association of ETK/BMX expression and clinico-

pathological characteristic in SCLC patients

ues to chemotherapeutic drugs,
including ADM, DDP and VP-16. In

contrast, the IC50 values were obvi-
ously decreased in H69/AR and

ETK/BMX expression
Characteristics Total Negative Positive X2
expression expression
Gender 0.575
Male 69 18 51
Female 17 6 11
Age (years) 2.608
<59 years 49 17 32
> 59 years 37 7 30
Clinical stage 10.088
LD 66 24 42
ED 20 0 20
Status
Survival 20 19 1
Death 66 21 45

24629 <0.001

P value
H446/AR cells by miR-495 mimics
0.448 (Table 3). These findings demon-
strated that miR-495 was related to
the chemoresistance of SCLC cells.
0.106 Subsequently, the apoptotic rate was
analyzed following treatment of the
cells with chemotherapeutic drugs,
0.001 including ADM, DDP and VP-16, using

flow cytometry. Cell apoptosis was
significantly suppressed in H69/an-
tagomir and H446/antagomir cells.
However, it was obviously increased
in H69/AR mimic and H446/AR mi-

Significant differences are shown in bold.

expression of Etk/BMX was more frequent in
cases with a survival rate > 15 months (19/20,
95.0%) than in cases with a survival rate < 15
months (21/66, 31.8%) (P <0.001). The expres-
sion of Etk/BMX exhibited no significant rela-
tionship with gender (P = 0.448) or age (P =
0.106). Kaplan-Meier analysis revealed that
Etk/BMX expression was related to the overall
survival rate of the SCLC patients (Figure 1C,
iD).

miR-495 was involved in the chemoresistance
of SCLC through inhibiting apoptosis induced
by chemotherapeutic drugs

The sensitivity of the H69/AR cells to anti-can-
cer drugs was greatly increased following trans-
fection with the miR-495 mimics as described
previously [9]. To better understand the roles of
miR-495 in the drug sensitivity of SCLC cells,
both H69/AR and H446/AR cells were used to
quantify the expression of miR-495 by gRT-
PCR. The H69/AR and H446/AR cells present-
ed a lower level of miR-495 than their corre-
sponding control groups (Figure 2A). Next, the
miR-495 expression was down-regulated in
H69 and H446 cells by antagomir (Figure 2B)
and was up-regulated in H69/AR and H446/AR
cells by miR-495 mimics (Figure 2C). Fur-
thermore, the effect of miR-495 on the drug
sensitivity of SCLC cells was analyzed. We
found that H69 and H446 cells treated with
miR-495 antagomir exhibited higher IC50 val-
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mic cells (Figure 2D and Supplemen-
tary Figure 2). These data provided
strong evidence that miR-495 was
involved in the chemoresistance of SCLC by
inhibiting apoptosis induced by chemothera-
peutic drugs.

miR-495 promoted cancer cell proliferation,
migration, invasion, and tumor growth and
shortened the survival time

To investigate the biological roles of miR-495 in
SCLC cells, cell proliferation was assessed with
the CCK-8 assay. Compared with the results
from the control cells, H69/antagomir and
H446/antagomir cells presented a significant
increase in the cell growth rates (Figure 3A),
while H69/AR mimic and H446/AR mimic cells
showed obviously decreased cell growth rates
(Figure 3B). We also detected the effects of
miR-495 on migration and invasion ability using
the scratch-wound healing and transwell-inva-
sion assay. As shown in Figure 3C and 3D, miR-
495 over-expression inhibited the healing rates
of H446/AR and H446/AR cells (Figure 3C).
However, knockdown of miR-495 in H446 cells
enhanced the healing rates (Figure 3D). For the
transwell-invasion assay, more H446/antago-
mir cells penetrated the Matrigel-coated mem-
brane than the control H446 cells. By contrast,
H69/AR mimic and H446/AR mimic cells
showed a notably reduced number of cells pen-
etrating the Matrigel-coated membrane (Figure
3E).

The tumorigenic properties of miR-495 in vivo
were investigated in nude mice xenografts. The

Am J Cancer Res 2017;7(3):628-646
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Figure 2. miR-495 affected the chemoresistance and apoptosis induced by chemotherapeutic drugs of SCLC cells.
A: Expression of miR-495 in SCLC drug-resistant and -sensitive cells. B: miR-495 expression was down-regulated
in HB9 and H446 cells by antagomir. C: miR-495 expression was up-regulated in H69/AR and H446/AR cells by
miR-495 mimics. D: The apoptotic rate was analyzed by flow cytometry following treatment of the cells with chemo-
therapeutic drugs (ADM) by flow cytometry.

Table 3. Effect of miR-495 on drug sensitivity (Xts,n=3,

with the data from cDNA microarray.

ug/ml) The expression of Zeb-2, Twist, and
Cells 1C50 Vim was higher in H69/AR and
H446/AR cells than in H69 and

59 76/1[3'2)/'81 15 QDG?LF; o 53 \iz_jf - H446 cells, while B-catenin showed
B T T an opposite trend (Figure 4A, 4B).

H69/NC 8.03+1.20  18.37+1.62  51.58+1.08 Zeb-2 and Twist have been docu-
H69/antagomir  91.99+3.90* 114.38+4.54* 176.01+5.04% mented as important transcriptional
H446 6.77+0.98 23.37+1.26 58.26+2.84 repressors of EMT [21]. Knockdown
H446/NC 6.8+1.48 23.16+1.57 57.75+2.83 of Zeb-2 and Twist can cause a
H446/antagomir 81.74+2.11* 127.73+3.62* 189.09+4.61* reversal of EMT [28, 29]. Next,
H69/AR 150.28+6.02 155.50+11.51 216.76+4.29 Zeb-2 and Twist expression levels
H69/AR/NC 149.89+4.88 154.57+12.82 217.97+6.50 were inhibited with Zeb-2 siRNA
H69/AR/mimics  38.3812.81* 51.85+3.67* 83.3314.04* (Figure 4C, 4D) and Twist siRNA,
H446/AR 135.25+2.52 130.10+4.62 219.11+4.01 respectively (Figure 4E, 4F), in H69/
H446/AR/NC  135.0743.63 130.47+3.84 218.57+3.52 AR and H446/AR cells. The expres-
HA46/AR/mimics 49.63+3.25% 39.81+6.30% 85.66+3.948* sion of Vim was subsequently sup-

*P < 0.05 (compared with corresponding control groups).

nude mice were subcutaneously inoculated
with miR-495 down-expressing SCLC cells. The
tumors of H69/antagomir and H446/antagomir
cells grew significantly rapidly compared with
those of H69 and H446 cells (Figure 3F). The
null mice presented a shorter survival time
accompanied by the suppression of miR-495
(Figure 3Q).

Taken together, both loss- and gain-of-function
experiments demonstrated that the down-regu-
lation of miR-495 promoted SCLC proliferation,
migration, invasion and tumor growth but short-
ened the survival time.

Down-regulation of the EMT-related inducer
Zeb-2 or Twist inhibited the chemoresistance
of SCLC

Our previous studies had shown that EMT-
related markers such as the (epithelial mole-
cule B-catenin and mesenchymal markers such
as Zeb-2, Twist, and Vim were expressed at sig-
nificantly different levels between H69 and
HG69/AR cells by cDNA microarray (Supplemen-
tary Figure 1). In the current study, we further
examined the expression of the related mark-
ers in H69/AR and H446/AR cells at the mRNA
and protein levels. The results were consistent
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pressed while that of 3-catenin was
increased accompanied by decre-
ased Zeb-2 and Twist. The results
indicated that the down-regulation of Zeb-2 or
Twist reversed the EMT process. We further
investigated whether reversing EMT can influ-
ence the drug sensitivity of SCLC cells. The
results showed that the IC50 values of cells
with down-expression of Zeb-2 and Twist were
notably reduced when cells were exposed to
chemotherapeutic drugs, including ADM, DDP
and VP-16 (Table 4). The results suggested that
the drug resistance to chemotherapeutic drugs
was inhibited by reversing EMT in SCLC.

Etk/BMX contributed to decreased drug resis-
tance by reversing the EMT of SCLC

The drug-resistant H69/AR and H446/AR cells
showed greatly elevated mRNA and protein
expression of Etk/Bmx compared with their
parental cells by qRT-PCR and Western blot
assay (Figure 4A). To further study the role of
Etk/Bmx in SCLC cells, we developed Etk/Bmx
stably over-expressed cells (H69/Etk and
H446/Etk) (Figure 5A, 5B) and down-expressed
cells (H69/AR/sh and H446/AR/sh) (Figure 5C,
5D). Next, we analyzed the viabilities of SCLC
cells when exposed to chemotherapeutic
drugs. The IC50 values with chemotherapeutic
drugs were greatly decreased in H69/AR/sh
and H446/AR/sh cells but were notably
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Figure 3. miR-495 influenced cancer cell proliferation, migration, invasion, tumor growth and survival time. A: The
effect of miR-495 suppression on cell growth rates in H69 and H446 was assessed with the CCK-8 assay. B: EI-
evation of miR-495 in H69/AR and H446/AR affected the cell growth rates. C, D: The regulation of miR-495 in the
migration ability of SCLC cells was evaluated with the scratch-wound healing assay. E: The transwell-invasion assay

was performed to detect the invasion ability induced by miR-495. F, G: The regulation of miR-495 suppression in the
tumor growth and survival of the mice was studied.
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Figure 4. Expression of Zeb-2, Twist, Vim and B-catenin at the mRNA and protein levels after H69/AR and H446/AR
cells were treated with Zeb-2 siRNA and Twist siRNA. A, B: The different expression levels of mRNA and protein of
Etk/BMX, Zeb-2, Twist, Vim and B-catenin in SCLC cells. C: Down-regulation of Zeb-2 by siRNA in H69/AR influenced
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the expression of Vim and B-catenin. D: Suppression of Zeb-2 by siRNA in H446/AR cells regulated the expression
of Vim and B-catenin. E: Decreased Twist by siRNA in H69/AR modulated the expression of Vim and B-catenin. F:
Inhibition of Twist by siRNA in H446/AR cells affected the expression of Vim and B-catenin.

Table 4. Effect of Zeb-2 and Twist on drug sensitivity (Xts, n =

miR-495 modulates chemoresis-

3, ug/ml) tance by targeting Etk/BMX
Cells IC50 Considering Etk/BMX as a poten-
ADM DDP VP-16 tial target gene of miR-495 by bio-
H69/AR 148.57+7.80 155.48+12.49 217.39+4.43 informatics analysis (Figure 6G),
H69/AR/NC 147.1743.85 155.02+12.46 216.95+5.63 we examined Etk/BMX expression
HB69/AR/Zeb-2 si1  55.47+4.91* 51.13+2.01* 98.63+2.77* after the modulation of miR-495
HB69/AR/Zeb-2si2  21.32+1.67* 19.66+2.53* 35.06+3.53* by qRT-PCR and western blotting.
H446/AR 134.88+3.78 129.09+3.38 220.34+8.29 The results showed that the Etk/
H446/AR/NC 133.74+5.94 129.81+2.26 219.11+8.55 BMX mRNA and protein expres-
H446/AR/Zeb2 si1 41.21+4.62% 38.60+1.29* 100.46+5.56%  SION levels were elevated in HE9
H446/AR/Zeb-2 si2 18.17+3.14*% 21.12+2.17* 36.55+3.13* (GFé?”k;;’ ?:; ?:gi;ﬁf ‘;‘?”fﬂ (i;iilgg
H69/AR 152.03+6.93 162.73+2.41  217.28+5.07 .
H69;AR/NC 152.17+9.03 160.68+2.96 216.70+5.51 btft were decreased in H6.9 /AR
(Figure 6C) and H446/AR (Figure
HE9/AR/Twist sil  52.07+2.57* 51.75+2.92*  97.25+4.18% 6D) cells as a result of the up-reg-
HB9/AR/Twist si2 24.07+0.93* 22.30+2.88* 33.06+5.24* ulation of miR-495. We also ana-
H446/AR 131.58+3.37 135.68+1.61 215.14+4.40 lyzed the expression of the Etk/
H446/AR/NC 132.1143.77 135.18+1.71 215.88+4.63 BMX and EMT markers in above-
H446/AR/Twist sil 44.59+3.18* 40.67+3.54* 97.31+2.52% noted xenograft tumors. The
H446/AR/Twist si2  18.07+2.77* 25.63+3.85* 43.42+4.19% results were consistent with the

*P < 0.05 (compared with corresponding control groups).

increased in H69/Etk and H446/Etk cells
(Table 5). These data indicated that Etk/Bmx
modulated SCLC cells to chemotherapeutic
drugs.

As noted above, the EMT process participated
in the regulation of the drug resistance of SCLC.
We further studied whether Etk/BMX modulat-
ed the sensitivity of SCLC cells to chemothera-
peutic drugs through EMT. The expression of
Zeb-2, Twist, Vim and B-catenin was evaluated
after up- or down-regulation of Etk/BMX. The
results revealed that the expression of Zeb-2,
Twist and Vim at the mRNA and protein levels
was remarkably increased, while 3-catenin was
inhibited by the over-expression of Etk/BMX in
HG69 (Figure 5E) and H446 cells (Figure 5F). In
contrast, the suppression of Etk/BMX reduced
the expression of Zeb-2, Twist and Vim but pro-
moted the expression of B-catenin in H69/AR
(Figure 5G) and H446/AR cells (Figure 5H). Our
observations provided valid evidence that Etk/
BMX may influence SCLC chemoresistance
through the EMT process.

639

data from the cell lines. As shown

in Figure 6, in the H69/antagomir

(Figure 6E) and H446/antagomir
(Figure 6F) xenografts, the expression of Etk/
BMX, Zeb-2, Twist and Vim was lower than that
in the control groups, but the opposite was true
in the H69/AR/mimics (Figure 6G) and H446/
AR/mimics groups (Figure 6H).

The correlation between miR-495 and Etk/BMX
was further detected by luciferase reporter
assay. The target sequence of Etk/BMX 3'UTR
(3'UTR wt BMX) or the mutant sequence (3’'UTR
mut BMX) was cloned into a luciferase reporter
vector. H69/AR cells were then transfected
with wt or mut BMX vector and miR-495 mimics
or inhibitor. The results revealed that the Etk/
BMX luciferase activity was significantly de-
creased in HB69/AR cells treated with miR-495
mimics and 3’'UTR wt BMX vector (Figure 6H,
lanes 2 and 3; P < 0.001) but was obviously
elevated by treatment with the miR-495 inhibi-
tor and 3'UTR wt BMX vector (Figure 6H, lanes
4 and 5; P < 0.001). The Etk/BMX luciferase
activity was not affected by miR-495 mimics or
the miR-495 inhibitor when the cells were treat-
ed with 3'UTR mut BMX vector (Figure 6H,
lanes 6-9).

Am J Cancer Res 2017;7(3):628-646
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Figure 5. Up- or down-regulation of Etk/Bmx affected the expression of Zeb-2, Twist, Vim and B-catenin. A, B: The
H69/Etk and H446/Etk cells stably expressing high Etk/Bmx were developed. C, D: The down-expression of Etk/
Bmx cells (H69/AR/sh including H69/AR/sh1, H69/AR/sh2; H446/AR/sh including H446/AR/sh1 and H446/AR/
sh2) were developed. E, F: Elevation of Etk/Bmx regulated the mRNA and protein expression of EMT related mark-
ers in H69 and H446 cells. G, H: Inhibition of Etk/Bmx influenced the mRNA and protein of EMT related markers in
H69/AR and H446/AR cells.

Table 5. Effect of Etk/BMX on drug sensitivity (X+s, n =

3, ug/ml)
Cells IC50

ADM DDP VP-16
H69 7.93+1.22 17.03+1.96 54.00+3.58
H69/NC 7.89+1.49 17.73+2.71 53.82+4.85
H69/Etk 85.37+£5.75* 100.14+4.17* 190.28+6.56*
H446 6.65+1.07 21.87+1.47 58.54+2.31
H446/NC 6.63+1.55 21.50+1.64 58.84+3.56
H446/Etk 72.39+£3.74* 107.97+2.24* 204.80+4.58*
H69/AR 146.93+3.86 154.45+7.04  214.4+5.65
H69/AR/NC 149.26+5.76  155.53+4.44  213.34+6.27
H69/AR/shl  57.48+2.40* 59.14+3.97* 108.18+2.35%
H69/AR/sh2  26.33+2.57* 27.34+1.48* 45.38+3.62*
H446/AR 135.951+5.40 133.03+3.95 207.62+10.08
H446/AR/NC  136.46+5.89 132.21+2.81 209.39+9.76
H446/AR/shl 45.27+4.70* A45.57+2.44* 102.22+2.79*
H446/AR/sh2 24.13+1.51* 22.31+1.18* 41.95+1.68*

*P < 0.05 (compared with corresponding control groups).

Discussion

Our previous studies had shown that
the suppression of Etk/BMX expres-
sion reduced the chemoresistance of
HG69/AR cells [30]. In this study, we fur-
ther confirmed the effect of Etk/BMX
on the chemoresistance of SCLC using
two multi-drug-resistant H69/AR and
H446/AR cell lines. The H69/AR/sh
and H446/AR/sh cells showed much
greater sensitivity to chemotherapeu-
tic drugs. In contrast, the over-expres-
sion of Etk/BMX in H69 and H446 cells
reduced the drug sensitivity. Thus, we
provided more evidence to demon-
strate that the suppression of Etk/Bmx
decreased the SCLC drug resistance.

We have first reported that the trans-
fection of the HB69/AR cells with the
miR-495 mimics significantly reduced
chemoresistance [31]. In the present

Subsequently, we evaluated whether the over-
expression of Etk/BMX could rescue the sup-
pressed drug resistance induced by miR-495
mimics. H69/AR and H446/AR cells were trans-
fected with miR-495 mimics and the plasmid
encoding the full-length Etk (Figure 61, 6J).
Ectopic expression of Etk/BMX obviously res-
cued miR-495 mimics-induced inhibition of
drug resistance (Figure 6K, 6L). Thus, all these
results suggested that the influence of miR-
495 on SCLC chemoresistance may occur
through Etk/BMX.

641

study, two drug-resistant cell lines were used to
further investigate the role of miR-495 in the
drug sensitivity of SCLC. Up- or down-regulation
of miR-495 can modulate IC50 values to che-
motherapeutic drugs, indicating that miR-495
was involved in the chemoresistance of SCLC
cells. In addition, our research revealed that
the cell apoptosis induced by chemotherapeu-
tic drugs was significantly decreased after the
down-regulation of miR-495, but it was in-
creased obviously with the elevation of miR-
495. There was a positive correlation between

Am J Cancer Res 2017;7(3):628-646
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Figure 6. miR-495 modulated chemoresistance by targeting Etk/BMX. A, B: miR-495 antagomir affected the mRNA
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with the data from the cell lines. G, H: Whether Etk/BMX was one of the directly targeted genes of miR-495 was de-
tected by bioinformatics analysis and the luciferase reporter assay. I: H69/AR cells were transfected with miR-495
mimics and the plasmid encoding the full-length Etk. J: H446/AR cells were transfected with miR-495 mimics and
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miR-495 and cell apoptosis. The elevation of The proliferation, migration and invasion abili-
miR-495 resulted in the decreased expression ties were increased after the suppression of
of Etk/BMX. By contrast, Etk/BMX was over- miR-495, while they were all decreased follow-
expressed following the reduced expression of ing the up-regulation of Etk/BMX. The in vivo
miR-495. The result from the luciferase report- data revealed that the down-regulation of miR-
er assay confirmed that Etk/BMX was one of 495 can inhibit tumor growth and shorten the
the directly targeted genes of miR-495. The survival time. By clinical samples, we observed
over-expression of Etk/BMX could rescue the that the expression of miR-495 showed a close
suppressed drug resistance induced by miR- relationship with poor pathologic stage and
495 mimics. These results provided sufficient survival time. In summary, our findings indicat-
proof to demonstrate that miR-495 affected ed that miR-495 played an important role in
the chemoresistance of SCLC by regulating the biological behaviors of SCLC, suggesting
Etk/Bmx. that miR-495 may serve as a predictor for the

poor prognosis in SCLC.
It has been reported that miR-495 is associat-

ed with various cellular processes. Studies Studies have shown that the EMT process con-
have shown that miR-495 serves as a tumor fers resistance to chemotherapy in ovarian car-
suppressor or an oncogene in multi-models of cinoma, colorectal cancer and other cancers
cancer. In this study, we investigated the influ- [32-34]. Based on our previous study, the role
ence of miR-495 on the biological behaviors of of EMT in SCLC chemoresistance was first clari-
SCLC by loss-and gain-of-function experiments. fied in this study. The inhibition of Zeb-2 and

643 Am J Cancer Res 2017;7(3):628-646
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Twist in H69/AR and H446/AR cells led to
declined Vim but elevated B-catenin. The re-
sults indicated that the suppression of Zeb-2
and Twist can reverse the EMT process.
Furthermore, the IC50 values for treatment
with chemotherapeutic drugs were suppressed
after the knockdown of Zeb-2 and Twist. These
findings suggested that EMT was associated
with the chemoresistance of SCLC. Subse-
quently, the relationship between Etk/BMX and
EMT was explored. The H69/AR/sh and H446/
AR/sh cells exhibited a significant decrease in
the expression of mesenchymal markers but an
increase in epithelial markers. However, the
H69 and H446 cells presented opposing re-
sults by the elevation of Etk/BMX. The expres-
sion of EMT markers noted above in xenograft
tumors was consistent with the data from the
cell lines. Taken together, Etk/BMX modulated
the chemoresistance of SCLC possibly through
the EMT process.

Taken together, our study supported, for the
first time, that the elevation of miR-495 can
decrease the drug resistance of SCLC by the
regulation of Etk/Bmx through the EMT pro-
cess. Therefore, our research provides new
insight into the mechanism of SCLC chemore-
sistance. miR-495 or Etk/Bmx can be a useful
predictor for drug sensitivity in SCLC, raising
the possibility of miR-495 re-expression or Etk/
BMX depletion as a promising strategy for inter-
fering with chemoresistance in SCLC.
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Supplementary Figure 1. Expression of EMT related markers including Zeb-2, Twist, Vim, and B-catenin from cDNA
microarray in cellular models of SCLC which were widely used as sensitive (H69) and resistant (H69/AR) cell lines
to chemotherapy.
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Supplementary Figure 2. The miR-495 was up or down-regulated and then, the apoptosis induced by chemothera-
peutic drugs including DDP and VP-16 was analyzed by flow cytometry assay.



