Int J Clin Exp Pathol 2018;11(3):1365-1373
www.ijcep.com /ISSN:1936-2625/1JCEPO070878

Original Article
Midazolam induces A549 cell apoptosis in vitro
via the miR-520d-5p/STAT3 pathway
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Abstract: A novel microRNA, miR-520d-5p, can inhibit proliferation of osteosarcoma cells, but the biological role of
miR-520d-5p in lung cancer is notknown. Midazolam can induce apoptosis in many kinds of cancer cells, but there
are no reportson its use in lung cancer. We investigated the roles of midazolam and miR-520d-5p in apoptosis in-
duction in a non-small cell lung cancer (NSCLC) cell line (A549). The expression of miR-520d-5p, a signal transducer
and activator of transcription 3 (STAT3) and its related protein were measured by quantitative real-time PCR and
Western blot. Apoptosis of the NSCLC cells in response to midazolam was determined by MTT assay, flow cytometry,
and Western blot. Midazolam significantly induced A549 cell apoptosis and modulated expression of Bcl-2, Bax,
and Caspase-3. Additionally, midazolam regulated STAT3 expression in A549 cells, and the siRNA inhibited STAT3
levels, highlighting their roles in the regulation of STAT3 signaling. Midazolam combined with the miR-520d-5p mimic
and inhibitor, regulated STAT3 expression and its signaling pathway. Midazolam combined with the miR-520d-5p
mimic significantly induced A549 cell apoptosis. Thus, midazolam can induce apoptosis of A549 cells by targeting
STAT3 via miR-520d-5p. These findings suggest that midazolam might be a putative anti-cancer approach for NSCLC

therapy.
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Introduction

Lung cancer is the most common cancer and
the leading cause of cancer deaths in China [1].
More than 80% of all lung cancers are account-
ed for by non-small cell lung cancer (NSCLC)
[2]. A number of in vitro studies have demon-
strated that some anesthetic agents, including
midazolam, have antitumor effects [3, 4].
However, there are no reports regarding the
underlying mechanism of the effect of midazol-
am on lung cancer.

In addition, microRNAs play an important role
in the regulation of many kinds of cancers,
including lung cancer, and gastric cancer [5, 6].
miR-520d-5p is a novel microRNA that has
been shown to inhibit proliferation and induce
apoptosis in various cancer cells [7-9], but
there is no direct evidence for a relationship
between miR-520d-5p and lung cancer.

Signal transducer and activator of the tran-
scription 3 (STAT3) signal pathway has been

linked to many biological processes, such as
cellular apoptosis and proliferation [10, 11].
STAT3 signaling plays an important role in the
anti-apoptotic pathway, which is activated in
various cancers, including lung cancer [12, 13].
miR-520d-5p has been identified as a direct
STAT3 target in the proliferation of gastric can-
cer cell lines [14], although this association has
not been verified in lung cancer cells.

We aimed to investigate the effect of miR-
520d-5p/STAT3 in response to midazolam, a
common anesthetic agent, on apoptosis in
human NSCLC A549 cells.

Materials and methods
Cell culture, reagents and antibodies

Non-small-cell carcinoma (A549) cells were
provided by the Shanghai Institute of Cell
Biology, Chinese Academy of Sciences. The
cells were cultured with Minimum Essential
Medium (MEM) supplemented with 10% heat-
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inactivated fetal calf serum (FBS; HyClone,
Logan, UT, USA) in a humidified atmosphere
with 5% CO, (37°C). Cells were treated with
different concentrations of midazolam (O, 10
pg/mL, 20 pg/mL, 40 pg/mL, and 80 ug/mL)
for 24 h and 48 h under controlled conditions.

The antibodies used were as follows: rabbit
anti-human-STAT3 (1:800; Bioworld Technology,
co. Ltd), rabbit anti-human Bcl-2 associated X
protein (Bax, 1:500; Bioworld Technology, co.
Ltd), B cell lymphoma 2 (Bcl-2, 1:500; Biowor-
Id Technology, co. Ltd), rabbit anti-human
Caspase-3 (1:500; Bioworld Technology, co.
Ltd), and rabbit anti-human GAPDH (1:4000;
Bioworld Technology, co. Ltd).

MTT assay

For MTT assays, 100 ul cells per well were
seeded in 96 well plates and treated with mid-
azolam in six parallel plates at designated con-
centrations for 24 and 48 hours, as reported
[15].

LIVE/DEAD assay

Ab549 Cells were treated with midazolam at
concentrations of 0, 10, 20, 40, and 80 ug/mL
for 48 h, as described above. The LIVE/DEAD
cell viability assay (Invitrogen, Carlsbad, USA)
was conducted following the manufacturer’s
instructions. Live cells were able to take up
calcein-AM and could be identified by green
fluorescent light emission at 490 nm. Dead
cells were able to take up ethidium bromide
homodimer and could be identified by bright
red fluorescence light emission at 545 nm.

DAPI staining

Cell nuclear morphology was detected by DAPI
staining under fluorescence microscopy. Cells
(A549) were treated with midazolam for 48 h.
The cells were washed with PBS (pH7.4), fixed
with ice cold 70% ethanol, re-suspended in
DAPI, and incubated at 37°C for 15 min. The
cells were then washed with PBS and observed
under a fluorescence microscope (Nikon In-
struments Inc., NY, USA).

Flow cytometry

Flow cytometry (FCM) was performed to assess
apoptosis, as previously reported [16]. A549
cells were treated with midazolam for 48 h and
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co-stained with annexin V-FITC and PI, acco-
rding to the manufacturer’s instructions (Key-
GENBIoTECH. Co. Ltd., China). Apoptotic cells
were separated and quantified by a FACSCalibur
Flow Cytometry System (Becton Dickinson, San
Jose, USA).

Western blot

A549 cells were cultured with or without
midazolam for 48 h, and then all cells were
harvested. The cells were washed with ice-
cold PBS, lysed with RIPA reagent (Sigma-
Aldrich, UK) for 30 min at 4°C, and centrifu-
ged at 13,500 rpm for 15 minutes. Equal
amounts of total lysed protein were combined
with glyceraldehyde 3-phosphate dehydroge-
nase and loaded onto sodium dodecyl sul-
fate polyacrylamide gels and subject toelec-
trophoresis (SDS-PAGE). The separated pro-
teins were transferred onto a PVDF membr-
ane (Bio-Rad, Hercules, CA, USA). After wash-
ing with PBST, the membranes were incu-
bated with a horseradish peroxidase-conju-
gated secondary antibody (Amresco, USA) for
1 h at room temperature. The membranes we-
re probed for apoptosis regulatory protein lev-
els using specific antibodies.

MicroRNA mimics, siRNA transient transfec-
tion

The miR-520d-5p mimics, miR-520d-5p inhi-
bitor and a STAT3 siRNA, were purchased fr-
om GenePharma (Suzhou, China). When cells
reached 60% confluency they were transfected
with 100 pmol of the miR-520d-5p mimic or
inhibitor, or the STAT3 siRNA, using Lipofe-
ctamine 2000 (Invitrogen, Carlsbad, CA, USA)
in Opti-MEM (Invitrogen). The sequences we-
re as follows: STAT3: CCCGGAAATTTAACATTCT,
miR-520d-5p: CUACAAAGGGAAGCCCUUUC. Af-
ter 24-48 h of transfection, the A549 cells we-
re harvested.

Real-time RT-PCR

To detect miR-520d-5p, reverse transcription-
polymerase chain reaction (RT-PCR) was car-
ried out using an all-in-oneTM miRNA quantita-
tive RT-PCR (gRT-PCR) detection Kit (Gene
Copoeia, Rockville, MD, USA). U6 and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH)
were used as references for miRNA and mRNA,
respectively. Each sample was analyzed in trip-
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Figure 1. Induction of apoptosis in A549 cells with midazolam. A: Cell viability of A549 cells treated with different
concentrations of midazolam for 24 h or 48 h detected by MTT assay. B: Detection of the mode of cell death by DAPI
staining assay. C: LIVE/DEAD staining assay of A549 cells following treatment with midazolam at varying concentra-
tions. D: Flow cytometry analysis of A549 cells following treatment with midazolam at varying concentrations. E:
Relative expression levels of Bcl-2, Bax, and caspase 3 following treatment with midazolam at varying concentra-
tions for 48 h. Cells were observed using a microscope (original magnification x20). *; P<0.05, **; P<0.01 compared

with control.

licate. The 222t method was used to calculate
fold function.

Luciferase reporter assay

The possible binding sites of miR-520d-5p with
STAT3 were predicted and revealed by microR-
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NA.org-Targets and Expression (http://www.
microrna.org). The 3’-untranslated region (UTR)
of STAT3, harboring the seed sequence of the
miR-520d-5p wild-type (or mutant) binding
sites, was cloned into the pmirGLO dual-lucifer-
ase vector (Promega, USA). The vectors were
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Figure 2. STAT3 inhibits midazolam induced apoptosis of A549 cells. A: Expression levels of STAT3 following treat-
ment with midazolam at varying concentrations for 48 h. B: Decreased activation of STAT3 by siRNA-STAT3 (si-
STAT3). C: Cell viability of A549 cells that were treated with siSTAT3. D: DAPI staining assay of A549 cells treated
with midazolam (10 ug/mL) and transfected with siSTAT3. E: Flow cytometry of A549 cells treated with midazolam
(10 pg/mL) and transfected with siSTAT3. F: Relative expression levels of Bcl-2, Bax, caspase 3, and STAT3 after
10 pg/mL midazolam treatment and siSTAT3 transfection, alone or in combination, for 48 h. *; P<0.05, **; P<0.01
compared with control.

transfected with miR-520d-5p mimics (Ge- Results
nepharma, China) into A549 cells by lipo-
fectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. After 48 h, A549
cells were harvested and luciferase activity
was detected by the Dual-Luciferase Reporter
Assay system (Promega, USA). All in vitro exper-
iments were repeated at least three times for
each condition.

The viability of A549 cells treated with different
concentrations of midazolam for 24 and 48
hours is shown in Figure 1A. According to the
results, midazolam, at concentrations greater
than 20 pg/mL, could significantly inhibit A549
cell viability after 24 h or 48 h of treatment
(P<0.01). The outcomes indicated a time
response relationship between midazolam and

Statistical analysis A549 cell viability. Consequently, we chose 48

h as the standard treatment time for midazol-
All statistical data were analyzed using the am. The DAPI staining assay showed fragment-
SPSS 11.0 software (Chicago, IL). All data are ed chromatin and apoptotic bodies in the A459
expressed as the mean * standard deviation cells following treatment with midazolam, indi-
(SD). Statistical analyses were performed using cating apoptosis (Figure 1B). Similarly, LIVE/
the student’s t-test or analysis of variance DEAD staining assays revealed an increase in
(ANOVA). A P value <0.05 is considered to be A549 cell death after midazolam treatment
statistically significant. compared with the control group (Figure 1C).
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Figure 3. STAT3is atarget gene of miR-520d-5p. A: Possible binding sites of miR-520d-5p and STAT3 were predicted
by microRNA. org-Targets and Expression (http://www.microrna.org). B: Relative expression levels of STAT3 with
miR-520d-5p mimic transfection. C: Relative expression levels of STAT3 with miR-520d-5p inhibitor transfection. D:
The relative luciferase activities. *; P<0.05, **; P<0.01 compared with control.

Flow cytometry analysis revealed that midazol-
am induced apoptosis of A549 cells, compared
with control cells (P<0.01) (Figure 1D). To
explore the mechanism of midazolam induced
apoptosis, expression levels of the anti-apop-
totic protein, Bcl-2, as well as the pro-apoptotic
proteins, Bax and caspase-3, were determined
by Western blot. We found that treatment of
A549 cells with midazolam resulted in a
decrease in Bcl-2 levels in a dose-dependent
manner (Figure 1E). Conversely, Bax and cas-
pase-3 levels increased in a dose-dependent
manner (Figure 1E).

Furthermore, expression of STAT3 in A549 cells
was significantly decreased in a dose related
manner after midazolam treatment (P<0.01)
(Figure 2A). Expression of STAT3 was also
decreased by siRNA-STAT3 (siSTAT3) (Figure
2B). The cell viability of A549 cells increased
with siSTAT3 treatment (Figure 2C). DAPI stain-
ing showed that midazolam treatment (10 pg/
mL) combined with siSTAT3 transfection signifi-
cantly induced cell death compared with other
treatment groups (Figure 2D). Similarly, flow
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cytometry showed that midazolam treatment
(10 pg/mL) combined with siSTAT3 transfection
significantly induced A549 cell apoptosis, com-
pared with other treatment groups (Figure 2E).
A combination of midazolam treatment and
transfection with siSTAT3 resulted in an
increase in Ab49 cell caspase-3, compared
with other treatments. Similarly, Western blots
showed that Bcl-2 levels decreased, and Bax
levels increased when the A549 cells were
simultaneously treated with midazolam and
transfected with siSTAT3. STAT3 levels were sig-
nificantly decreased on Western blot after mid-
azolam treatment (10 uyg/mL) combined with
SiSTAT3 transfection (Figure 2F).

The online server microRNA.org-Targets and
Expression (http://www.microrna.org) predict-
ed a targeting relationship between STAT3 and
miR-520d-5p (MirSVR score: -0.8232, Ph-
astCons score: 0.5581; Figure 3A). We found
that STAT3 protein expression was significan-
tly suppressed by the miR-520d-5p mimic
(P<0.01, Figure 3B), while the miR-520d-5p
inhibitor significantly increased STAT3 protein

Int J Clin Exp Pathol 2018;11(3):1365-1373



Midazolam induces A549 cell apoptosis

A B
A549 Relative miR-520-5p level 150-
- E=3 Control
mimic
@ - <
-4 - E3 Midazolam
s 2 o s o
5 = [ inhibitor
] ® Midazolam+mimic
& % - + E3 Midazolam+inhibitor
[}
P2
Midazolam 0 10 pg/ml A549 0- /ﬂ
C 2 2 D ﬁ M 5401 ﬁ M 7560
w3439 Nl 3286 oV 8594 Cv: §329
V. 8307 (. ] 01221302 (30 %) 10:153)867 (57 %)
0-87]65 (07 %) [0-87)326 (33 %) é
o L}
0 1023 ® 1023 .
Control Midazolam Control Midazolam
g 2 & 5oz fn a2
) 4746 NlMn 6129 cv. 6710 Cv. 610
oV 4106 oV 2447 (013939 (37 %) (01491415 (42 %)
0871257 (25 %) (0871304 (139%)
L l.
£ |m, £ i | :
% ] 1023 %0 1023 7 1023
A549 miR-520d mimic Midazolam+miR-520d mimic A549 miR-520d inhibitor Midazolam+miR-520d inhibitor
E & E=3 control
N
3 6‘“& E=3 Midazolam
N 5% S® EX mimic
& & & & IO Midazol imi
S & § o idazolam+mimic
As49 & ¥ o
e — B oy >
— —  — Bcl-2 E —
r— »
Caspase-3 %
S
o.
e — STAT3
eSS cmee s
Bel-2 Caspase-3 STAT3
F -6*0\ EXE control
o -
S = Midazolam
&£ &
> e & o 2.5- E=3 inhibitor
& © v : . o i
& & & & (IO Midazolam+inhibitor
o' o
Asag © & « ¥ ke
£
b :I
— — — — Bax 2 4
y - b
— — Bel-2 T =
o '.
— S :
= Caspase-3 O <
—— — — —— STAT3 EE
..'

S — —— Actin

Bax Bcl-2 Caspase-3 STAT3

Figure 4. miR-520d-5p promotes midazolam induced apoptosis of A549 lung cancer cells in vitro. A: Expression
levels of miR-520d-5p in A549 cells after midazolam (10 ug/mL) treatment for 48 h. B: Cell viability of A549 cells
with midazolam treatment and miR-520d-5p mimic and inhibitor transfection, alone or in combination. C: Flow
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cytometer assay for A549 cells with midazolam (10 pg/mL) treatment and miR-520d-5p mimic transfection, alone
or in combination. D: Flow cytometry of A549 cells following midazolam (10 pyg/mL) treatment and miR-520d-5p
inhibitor transfection, alone or in combination. E: Western blot assay for expression levels of STAT3, Bax, Bcl-2, and
caspase-3 with miR-520d-5p mimic transfection and midazolam (10 yg/mL) treatment, alone or in combination. F:
Western blot assay for expression levels of STAT3, Bax, Bcl-2, and caspase-3 with miR-520d-5p inhibitor transfec-
tion and midazolam (10 yg/mL) treatment, alone or in combination. *; P<0.05, **; P<0.01 compared with control.

expression (P<0.01, Figure 3C). Furthermore,
we carried out a dual-luciferase reporter assay
to verify this targeting relationship. We found
that miR-520d-5p could significantly suppress
the luciferase activity of the reporter with
STAT3, whereas the STAT3-mut luciferase
expression was not significantly regulated by
miR-520d-5p (Figure 3D), confirming that the
site in the STAT 3-3'UTR is the regulatory target
site of miR-520d-5p.

gRT-PCR showed that midazolam treatment
significantly increased the level of miR-520d-
5p expression in A549 cells (P<0.01, Figure
4A). To verify the mechanism of midazolam on
A549 cells, cells were treated with midazolam,
or transfected with miR-520d-5p inhibitor or
miR-520d-5p mimic, or transfected with either
miR-520d-5p mimic or miR-520d-5p inhibitor
in combination with midazolam treatment. Cell
viability assays revealed that midazolam treat-
ment in combination with miR-520d-5p mimic
transfection significantly inhibited A549 cell
viability (Figure 4B). Flow cytometry also
showed that midazolam treatment combined
with miR-520d-5p mimic transfection signifi-
cantly induced A549 cell apoptosis (P<0.05,
Figure 4C). The effect of midazolam treatment
in combination with miR-520d-5p inhibitor
transfection was not significant compared with
the other treatments (P>0.05, Figure 4D). We
found that midazolam combined with transfec-
tion with the miR-520d-5p mimic significantly
increased Bax and caspase-3 expression, com-
pared with the control (P<0.05). Midazolam
treatment alone significantly decreased the
expression of Bcl-2 and STAT3 in A549 cells
when compared with cells transfected with
miR-520d-5p inhibitor alone, or in combination
with midazolam treatment (P<0.01, Figure 4F).
Midazolam may thus upregulate miR-520d-5p
and suppress the activation of the STAT3 path-
way to promote apoptosis of A549 cells.

Discussion

As lung cancer is the leading cause of cancer
deaths worldwide, accounting for nearly one of
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every four, it is important to explore new and
effective drugs to treat this disease. To the best
of our knowledge, this is the first study to inves-
tigate the potential effectiveness and mecha-
nism of midazolam on lung cancer. Our findings
show that midazolam acts via miR-520d-5p,
regulating STAT3 and its related protein expres-
sion. It may represent a significant potential tar-
geting agent for the effective treatment of lung
cancet.

Recent evidence indicated that midazolam may
significantly contribute to the roles of Leydig
tumor cells [17], human oral tumor cells [18],
human head and neck squamous carcinoma
cells [19], and lymphoma JeKo-1 cells [20]. To
date, no reports have investigated the role of
midazolam in lung cancer pathogenesis. In this
current study, we found that midazolam could
significantly induce apoptosis in A549 cells.

In the study of Makino et al. STAT3 was shown
to have an important role in the growth of lung
cancer [21]. To investigate the potential anti-
cancer mechanisms of midazolam, we ass-
essed STAT3 expression and found it to be sig-
nificant, with or without midazolam interven-
tion. Furthermore, we found that midazolam
treatment suppressed STAT3 expression as
well as upregulated Bax and caspase-3 expres-
sion, and downregulated Bcl-2 expression.

mMiRNAs are small non-coding RNAs (ncRNAs)
that can affect cancer development and pro-
gression. Recently, miR-520d-5p was reported
to have a substantial role as a novel cancer
suppressor [22, 23]. We used the online server
microRNA.org-Targets and Expression (http://
www.microrna.org) to predict atargeting rela-
tionship between STAT3 and miR-520d-5p. The
output revealed that the STAT3 mRNA was
perfectly matched by miR-520d-5p. Our study
demonstrated there was an inverse correla-
tion between miR-520d-5p and STAT3 expres-
sion in Ab49 cells. Interestingly, we found th-
at the effects of midazolam on inducing A5-
49 cell apoptosis and STAT3 expression were
targeted by miR-520d-5p silencing (using
siRNA) in vitro.

Int J Clin Exp Pathol 2018;11(3):1365-1373
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Our results suggest that midazolam induces
A549 cell apoptosis by the miR-520d-5p/
STAT3 feedback loop. Previously, Tsukerman et
al. demonstrated that transcription of TWIST1,
a miR-520d-5p functional target [24], was sig-
nificantly increased by the activation of STAT3
and it could bind to the TWIST1 promoter [25],
suggesting a detailed feedback loop (TWIST1/
STAT3/miR-520) that may regulate metastasis
in gastric cancer. In addition, the current study
showed that there was a CypB/STAT3/miR-
520d-5p feedback loop that might contribute
to modulation of inflammatory signaling in gas-
tric carcinogenesis [14]. Further studies are
still needed to focus on this detailed feedback
loop and its role in lung cancer, in addition to
its association with midazolam.

In summary, we investigated the anti-lung can-
cer effects of midazolam in vitro. We show that
midazolam can upregulate miR-520d-5p in
A549 cells and suppress cancer cell growth by
suppressing STAT3 activity and inducing apop-
tosis. Although midazolam did not seem to
completely suppress tumor growth, it provides-
novel insight for future therapeutic strategies
against lung cancer.
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