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Abstract: Non-small-cell lung cancer (NSCLC) is a dom-
inating type of lung cancer with high morbidity and mor-
tality. Midazolam has been reported to promote cell
apoptosis in NSCLC, but the molecular mechanism of
midazolam remains to be further explored. In the current
work, cell viability, proliferation, migration, and apop-
tosis rates of NSCLC cells treated with midazolam were
measured using cell counting kit-8 assay, 5-ethynyl-2’-
deoxyuridine (EdU) and colony formation assays, trans-
well, and flow cytometry assay, respectively, to evaluate
the malignant behaviors. Western blot was applied to
access EGFR/MEK/ERK pathway-related protein levels.
The results demonstrated midazolam significantly declined
the viability of NSCLC cells. Furthermore, midazolam
restrained cell proliferation and migration and contributed
to cell apoptosis in NSCLC. Midazolam exerted suppressive
function to EGFR pathway during NSCLC development.
Moreover, the activation of EGFR/MEK/ERK pathway abro-
gated the effects of midazolam on NSCLC cell proliferation,
apoptosis, and migration. Taken together, midazolam
exhibited anti-tumor effects hallmarked by EGFR pathway
inhibition, providing a novel insight into the treatment of
NSCLC.
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1 Introduction

Lung cancer is one of the leading malignant tumors
responsible for cancer-related mortality, accounting for
about 26% of all deaths ascribed to cancer around the
world [1,2]. The epidemiological report predicts approxi-
mately 2.1 million new cases and 1.8 million patients
succumbed to lung cancer annually [3]. As a main cate-
gory of lung cancer, non-small-cell lung cancer (NSCLC)
constitutes more than 80% of all lung carcinomas [4].
The overall 5-year survival of NSCLC remains far from
satisfactory due to the difficulty in early diagnosis and
high postoperative recurrence rate [5]. Accordingly, it is
imperative to expound the potential pathogenesis of
NSCLC and find novel therapeutic strategies.

Surgical excision is the preferred option for solid
tumors, including lung cancer [6]. It is reported that opera-
tive pain, intubation, extubation, and other surgical pro-
cedures can provoke serious complications by causing
acute stress responses, influencing the operative effect as
well as the prognosis and rehabilitation of patients [7].
Mounting evidence has confirmed that anesthetic agents
execute inhibitory functions in the tumorigenesis and pro-
gression of human cancer [8,9]. Midazolam is a member of
the benzodiazepine family of anesthetics and has antago-
nistic effects on anxiety epilepsy and muscle spasms and
possesses hypnotic and sedative properties [10]. Mida-
zolam is one of the most commonly used anesthetic agents
during lung cancer surgery [11]. As reported by previous
studies, the role of midazolam in regulating cell behaviors
in lung cancer has been explored. Sun et al. [12] demon-
strated that midazolam reduced cisplatin resistance in cis-
platin-resistant NSCLC cells by regulating the miR-194-5p/
HOOK3 axis, implying that midazolam could be used as an
adjuvant drug for NSCLC treatment in clinical practices.
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Additionally, Zhang et al. [7] found that midazolam treat-
ment inhibited the inflammatory responses in the patients
of thoracoscopic resection of lung cancer. Thus, exploring
the potential mechanism of midazolam in the develop-
ment of NSCLC is of great significance.

Epidermal growth factor (EGF) is a critical regulator in
numerous biological processes, including cell differentia-
tion, stemness, proliferation, metastasis, and apoptosis
[13]. Epidermal growth factor receptor (EGFR) is a tyrosine
kinase receptor and plays a crucial role in the initiation
and developemnt of multiple malignancies, such as lung
cancer, breast cancer, glioblastoma, and colon cancer [14].
Manipulation of EGFR signaling has been proven practical
to target cancer of multiple subtypes [15-17]. Recently,
more and more studies focus on the role of EGFR/MEK/
ERK pathways in lung cancer. For example, Chen et al. [18]
found that chaetoglobosin G obviously inhibited A549 cell
proliferation by inducing autophagy of A549 cells through
EGFR/MEK/ERK pathway. Bae et al. [19] confirmed that the
EGFR/MEK/ERK signaling would be a promising molecular
target to control abnormal invasion in the epithelial-me-
senchymal transition-induced NSCLC. Additionally, it has
been reported that MEK/ERK signaling is a vital down-
stream pathway of EGFR and participates in the carcinogen-
esis and development of NSCLC [20]. Nevertheless, there are
no investigations regarding the association between mida-
zolam and EGFR/MEK/ERK signaling pathway so far.

In the current study, we aimed to provide new insights
into the underlying mechanism of midazolam in the cell
biology of NSCLC. Our results demonstrated that mida-
zolam exhibited anti-tumor effects on NSCLC by regulating
EGFR/MEK/ERK pathway.

2 Methods

2.1 Cell culture and treatment

Two human NSCLC cell lines SK-MES-1 and A549 were sup-
plied by American Type Culture Collection (ATCC, USA) and
maintained in dulbecco’s modified eagle medium (DMEM)
(Invitrogen, USA) supplemented with 10% fetal bovine
serum (FBS) (ThermoFisher, USA) in the presence of 5%
CO, at 37°C. To assess the role of midazolam in NSCLC,
SK-MES-1 and A549 cells were treated with a series of dif-
ferent doses of midazolam (25, 50, 100, 200, and 400 puM)
purchased from Sigma-Aldrich for 24h. To activate the
EGFR/MEK/ERK signaling pathway, the cells were treated
with recombinant EGF (20 ng/ml, PeproTech, USA) for 48 h
following midazolam treatment.
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2.2 Cell Counting Kit-8 (CCK-8) assay

The viability of SK-MES-1 and A549 cells was detected by
CCK-8 (Beyotime, Shanghai, China) according to the pro-
duct manuals. NSCLC cells were seeded to 96-well plates
at 2 x 10> cells per well and treated with midazolam, and
then cultured at 37°C for 24 h. Afterward, each well was
added with 10 pl CCK-8 solution. Two hours of incubation
later, the optical density value was measured at 450 nm
with a microplate reader (BioTek Instruments, USA).

2.3 5-Ethynyl-2’-deoxyuridine (EdU) assay

The proliferative capability of SK-MES-1 and A549 cells
was measured by EdU labeling kit obtained from RiboBio
(Guangzhou, China) complying with the manufacturer’s
directions. SK-MES-1 and A549 cells were inoculated into
96-well plates at a density of 1 x 10° cells/ml and treated
with midazolam for 24h. Afterward, 50 pyM EdU was
added to treat cells for 2h, followed by fixation in 4%
paraformaldehyde and thereafter stained by Apollo. Cell
nuclear staining was performed with DAPI. The stained
cells were observed under a fluorescence microscopy
(Nikon, Japan) and counted with Image] software.

2.4 Colony formation assay

Cell proliferation was assessed with a colony formation
assay. Briefly, 500 SK-MES-1 and A549 cells were plated
to each well of six-well plates, treated with midazolam for
24 h, and cultivated at 37°C for about 14 days. The fresh
medium was replaced every 2-3 days. Then, SK-MES-1
and A549 cells were immobilized with 4% paraformalde-
hyde, followed by dyed using 1% crystal violet and
photographed by a microscope (Olympus, Japan). The
number of colonies over 50 cells was counted.

2.5 Cell apoptosis assay

The apoptosis of SK-MES-1 and A549 cells was tested by
the FITC Annexin V apoptosis detection kit (BD Biosciences,
USA) in accordance with the instructions after treatment
with midazolam for 18 h. SK-MES-1 and A549 cells were
trypsinized, washed twice using PBS, and centrifugated
for 10 min at 3,000 x g. Then, cells were harvested and
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resuspended in 1x binding buffer, counterstained with
AnnexinV-FITC and PI, followed by incubation away from
light for 10 min and analyzed with the FACScalibur flow
cytometer (Becton Dickinson, USA).

2.6 Transwell migration assay

Transwell assay was conducted for the estimation of SK-
MES-1 and A549 cell migration via using transwell chambers
with 8-pm pores (Corning Inc., USA). Following corresponding
treatments, SK-MES-1 and A549 cells resuspending in
100 pl serum-free medium were added to the upper trans-
well chambers. Meanwhile, the bottom of chambers was
supplemented with 500 pl DMEM containing 20% FBS. At
24 h after incubation, cells on the surface of upper cham-
bers were removed and then migrated cells were fixed in
4% paraformaldehyde, dyed with 0.1% crystal violet, and
visualized by a microscope. Images captured from five
random view fields were adopted to evaluate cell migra-
tory ability. As for midazolam and EGF treatment, the mid-
azolam or EGF mixed solution was added in the upper
chamber for subsequent experiments.

2.7 Western blot analysis

Total protein extraction was performed with RIPA lysis
buffer (Beyotime). The BCA protein detection kit (Beyotime)
was applied for protein quantification. Equal amounts of
protein samples were detached on 10% SDS-PAGE, trans-
ferred onto PVDF membranes (Millipore, USA), and blocked
in 5% defatted milk. PVDF membranes were subjected to
overnight incubation with primary antibodies (all from
Abacam, USA) for EGFR (ab52894, 1/1,000), phosphorylated
EGFR (p-EGFR, ab40815, 1/500), MEK (ab32091, 1/1,000),
phosphorylated MEK (p-MEK, ab96379, 1/1,000), ERK
(ab32537, 1/1,000), phosphorylated ERK (p-ERK, ab131438,
1/500), and GAPDH (ab8245, 1/500) at 4°C and subsequently
probed with HRP-labeled secondary antibodies (ab6721,
1/2,000) for 1.5h at room temperature and detected on an
enhanced chemiluminescence test system (Thermo Fisher
Scientific, USA). GAPDH served as an internal reference.

2.8 Xenograft model

0.2ml of A549 cell suspension (1.0 x 10”/ml) was inocu-
lated subcutaneously in the axilla of BALB/c nude mice
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aged 5-6 weeks to build a xenograft model of lung cancer.
BALB/c nude mice were from the animal center of Shengyang
Chest Hospital. After inoculation, the changes in trans-
planted tumor were observed closely. When the trans-
planted tumor was larger than 5.0 mm on day 7, it was
determined as tumor formation. Six nude mice were ran-
domly divided into the midazolam group and the control
group, with three mice in each group. The midazolam
group was injected with 0.5 ml (0.8 mg/kg) midazolam in
the tumors, once a day at the same time for 28 consecutive
days; the control group was injected with 0.5 ml normal
saline, and the injection site was the same as midazolam
group. The tumor volume and autonomous behavior of nude
mice were recorded every 7 days. The diameter of the tumors
was measured with a ruler and volumes (in mm®) were cal-
culated using the formula (length x width?)/2. After 28 days,
the nude mice were sacrificed, and the transplanted tumors
were removed and weighed. The animal study was approved
by the Institutional Animal Care and Use Committee (IACUC)
of Shengyang Chest Hospital.

2.9 Statistical analysis

Statistical analysis was carried out using SPSS 20.0 soft-
ware (IBM, USA). All results were represented as mean + SD
and each assay was conducted in triplicate. Comparison
between the two groups was estimated by Student’s t-test.
Differences among multiple groups were analyzed with one-
way ANOVA. Statistical significance was deemed when
P < 0.05.

3 Results

3.1 Midazolam suppressed the viability of
SK-MES-1 and A549 cells

The structure of midazolam is featured with benzodiaze-
pine pharmacological activities. As shown in Figure 1a,
the chemical structure of midazolam was characterized
by the 5-fluorophenyl-1,4-benzodiazepine ring. To certify
the characteristic of midazolam in NSCLC progression,
SK-MES-1 and A549 cells were treated with increasing
concentrations of midazolam for 24 h. Subsequently, the
effects of midazolam on cell viability were evaluated by the
CCK-8 assay. We observed that the viability of SK-MES-1
and A549 cells was gradually descended by midazolam,
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and midazolam at 100, 200, and 400 pM inhibited SK-
MES-1 and A549 cells’ viability by nearly 50% (Figure
1b). Based on the above findings, we concluded that mid-
azolam led to the inhibition of NSCLC cell viability.

3.2 Midazolam retarded cell proliferation
and migration and promoted cell
apoptosis in SK-MES-1 and A549 cells

Given that midazolam overtly repressed the viability of
SK-MES-1 and A549 cells at the concentrations of 100,
200, and 400 pM, NSCLC cells were treated with these
three doses of midazolam for subsequent use. The EdU
assay showed that midazolam obviously decreases the
number of EdU-positive cells (Figure 2a). Moreover, mid-
azolam suppressed the proliferative capacity of SK-MES-1
and A549 cells (Figure 2b). Consistently, midazolam pro-
moted necrosis and early apoptosis of SK-MES-1 and
A549 cells (Figure 2c—e). Furthermore, the migration
ability of NSCLC cell was significantly decreased by mid-
azolam (Figure 2f).

3.3 Midazolam hindered the activation of
EGFR/MEK/ERK signaling pathway

EGFR/MEK/ERK signaling pathway plays an essential
role in the initiation and progression of NSCLC. We,
therefore, explored the association between midazolam
and EGFR/MEK/ERK pathway. As displayed in Figure 3a,
midazolam significantly declined the phosphorylation
level of EGFR. Hence, the phosphorylation of down-
stream MEK and ERK in SK-MES-1 and A549 cells was

(a) (b)
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significantly repressed by midazolam treatment. Taken
together, these data illustrated that midazolam sup-
pressed the activation of EGFR-mediated MEK/ERK sig-
naling pathway. Considering that both 200 and 400 pM
midazolam can significantly inhibit the growth of
SK-MES-1 and A549 cells and there is no statistical
difference between two groups, 200 pM was selected for
subsequent experiments.

3.4 EGFR/MEK/ERK signaling pathway was
participated in midazolam-inhibited the
malignant behaviors of NSCLC cells

To validate the suppression of EGFR pathway postmida-
zolam treatment, we conducted a rescue experiment by
EGF stimulation. As shown in Figure 4, recombinant EGF
partially offset the midazolam-induced reduction in the
phosphorylation of vital factors EGFR, MEK, and ERK
in EGFR/MEK/ERK signaling pathway, which suggested
that recombinant EGF treatment gave rise to the activa-
tion of EGFR-dependent MEK/ERK pathway. The prolif-
erative ability of SK-MES-1 and A549 cells weakened by
midazolam treatment was partially offset when EGFR/
MEK/ERK signaling pathway was activated (Figure 5a).
Similarly, the results of the colony formation assay man-
ifested that the number of colonies decreased by admin-
istration of midazolam was partially offset by the activation
of EGFR/MEK/ERK pathway (Figure 5b). In addition, mid-
azolam-induced necrosis and apoptosis of NSCLC cells were
partially offset by EGF treatment (Figure 5c—e). In agree-
ment with the above findings, we observed that activation
of EGFR-mediated MEK/ERK pathway partially offset the
repressive role of midazolam in NSCLC cell migration
(Figure 5f).
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Figure 1: Midazolam suppressed the viability of SK-MES-1 and A549 cells. (a) The chemical structure of midazolam. (b) CCK-8 assay was
performed to examine the viability of SK-MES-1 and A549 cells treated with different concentrations of midazolam (25, 50, 100, 200, and

400 pM). All results were represented as mean + SD and each assay was conducted in triplicate. "P < 0.05, P < 0.01'
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Figure 2: Midazolam retarded cell proliferation and migration and promoted cell apoptosis in SK-MES-1 and A549 cells. (a) After SK-MES-1
and A549 cells were treated with 100, 200, or 400 pM midazolam, cell proliferation was detected by EdU staining assay. (b) Colony
formation assay was carried out to determine the colony-forming capacity of SK-MES-1 and A549 cells exposed to 100, 200, or 400 pM
midazolam. (c) Flow cytometry scatter diagram under the midazolam treatment. The role of midazolam in the (d) necrosis and (e) early
apoptosis of SK-MES-1 and A549 cells was estimated by flow cytometry analysis. (f) Transwell assay was adopted to evaluate the influences
of midazolam on cell migration in NSCLC. All results were represented as mean + SD and each assay was conducted in triplicate. "P < 0.05,
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Figure 3: Midazolam hindered the activation of EGFR/MEK/ERK signaling pathway. (a) Following SK-MES-1 and A549 cells underwent
different midazolam treatments, western blot assay was performed to detect the activation of EGFR, MEK, and ERK in NSCLC. All results were

represented as mean + SD and each assay was conducted in triplicate. "P < 0.05, P < 0.01,

3.5 Midazolam suppressed cell growth
in vivo

To explore of the inhibitory effect of midazolam on cancer
growth is applicable in vivo, we performed Xenograft Model.
The mouse Autonomous Behavior Evaluation form (Table A1)
suggested that midazolam (0.8 mg/kg) has no significant
effect on the autonomous behavior of mice. As indicated in
Figure 6a, the tumor diameter of the control group was about
1.0 cm, while that of the group treated with midazolam was
significantly reduced to about 0.5 cm. Furthermore, tumor
volume (Figure 6b) and tumor weight (Figure 6c) were
both prominently downregulated by midazolam treatment
compared with the control group. Taken together, our data
suggested that midazolam suppressed NSCLC cells’ growth
and development in vivo.

4 Discussion

Lung cancer is one of the most common malignancies
with striking morbidity and mortality across the globe,
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resulting in a crushing burden on public health [21].
NSCLC is a predominant pathological type of lung cancer,
with a 5-year survival rate of only 18% [22,23]. Notably, a
large proportion of patients with NSCLC are usually in the
advanced stage and exhibit tumor metastasis once diag-
nosed [24,25]. In spite of tremendous advance in the
development of early diagnosis and prevention, the prog-
nosis of NSCLC patients is still frustrating [26]. Therefore,
it is urgent to find new methods that can treat NSCLC and
explore the specific mechanism in the process of NSCLC.

Midazolam is an extensively applied anesthetic in
cancer surgery and presents significant pharmacological
effects on sedation, anti-anxiety, anti-convulsion, hyp-
nosis, and muscle relaxation [7]. Multiple lines of evidence
illustrate that midazolam plays a vital role in a wide range
of cancers via affecting cell activities, including cell pro-
liferation, apoptosis, migration, and invasion [27-29]. More
importantly, Jiao et al. revealed that midazolam performed
anti-tumor properties in the progression of lung cancer [30].
In this study, midazolam repressed cell proliferation and
migration and facilitated cell apoptosis in NSCLC. The inhi-
bitory effects of midazolam on the malignant behaviors of
NSCLC cells exerted its anti-tumor function in NSCLC,
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Figure 4: The regulatory effects of midazolam on MEK/ERK signaling pathway were mediated by inhibiting EGFR phosphorylation. (a) After
SK-MES-1 and A549 cells were exposed to midazolam for 48 h, western blot was implemented to measure the activation of EGFR, MEK and

ERK. All results were represented as mean + SD and each assay was conducted in triplicate.

#p < 0.001, *P < 0.001, compared with the midazolam group.
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P < 0.001, compared with the control group.
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Figure 5: EGFR/MEK/ERK signaling pathway participated in midazolam-mediated cell carcinogenesis in NSCLC. (a) Following different

treatments, an EdU staining assay was conducted for the estimation of NSCLC cell proliferation. (b) The proliferative ability of SK-MES-1and
A549 cells under corresponding treatments was also determined by colony formation assay. (c) Flow cytometry scatter diagram of different
groups. The (d) necrosis and (e) early apoptosis of SK-MES-1 and A549 cells in different groups was detected with flow cytometry analysis.
(f) Transwell assay was carried out to assess the migration of NSCLC cells from different groups. All results were represented as mean + SD

and each assay was conducted in triplicate. P < 0.001, compared with the control group. *P < 0.001, *P < 0.001, compared with the

midazolam group.
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which was consistent with a previous study [12]. Inter-
stingly, a compound with a similar structure of midazolam
named 3-indolyl cyclopent[b]indoles is known to inhibit
EGFR pathway in NSCLC cells and colon cancer cells
[31]. Thence, we speculated that midazolam may modulate
NSCLC cells via EGFR pathway.

Plenty of researches have justified that EGFR serves as
a momentous participant in the differentiation, renewal,
and growth of mammalian cells [32]. Recently, the roles of
EGFR in the development of human cancer have attracted
increasing attention [33]. It is widely documented that
EGFR can exert its regulatory role in multiple malignancies
by activating MEK/ERK signaling pathway [34-37]. For
example, chaetoglobosin G hinders cell proliferation and
autophagy in lung cancer via EGFR/MEK/ERK network [18].
20(S)-Ginsenoside Rg3 plays an inhibitory role in lung
cancer through regulating EGFR-dependent Ras/Raf/MEK/
ERK pathway [38]. Therefore, to further explore the mole-
cular mechanism underlying midazolam in NSCLC progres-
sion, we identified the potential of midazolam in EGFR/
MEK/ERK pathway. Our findings showed that midazolam
blunted the activation of EGFR/MEK/ERK signaling. In cell
experiment, EGF stimulation antagonized midazolam-
mediated EGFR inhibition and phenotypically promoted
the aggressivenes of NSCLC cells. Therefore, midazolam
may inhibit the development of NSCLC by inactivating
EGFR/MEK/ERK pathway.

To the best of our knowledge, this research was the
first to expound the association between midazolam and
EGFR-mediated MEK/ERK signaling and reveal a novel mole-
cular mechanism of midazolam in NSCLC. Mechanistically,
midazolam inhibited the proliferation and migration of
NSCLC cells by associating with the EGFR/MEK/ERK sup-
pression. This may provide a novel strategy for NSCLC treat-
ment. However, there are some limitations that remain to
be improved in the future. The current data did not fully

demonstrate the growth inhibition of midazolam to the
EGFR signal suppression. Overexpression of EGFR rescuing
midazolam-mediated phenotype experiments should be
combined for verification. In addition, the potential speci-
ficity concerns such as whether the compound could have
other targets in addition to EGFR, which might contribute
to the observed cell growth suppression should also be
studied.

Acknowledgments: We express our sincere thanks to all
the participants.

Funding information: No funding was received.

Author Contributions: Xiangchao Zhang and Zhe Han
drafted the work and revised it critically for important
intellectual content; Zhengjun Li was responsible for
the acquisition, analysis and interpretation of data for
the work; Tao Wang made substantial contributions to
the conception or design of the work.

Conflict of interest: The authors confirm that no conflicts
of interest exist in this work.

Data availability statement: The datasets used or ana-
lyzed during this study are available from the corre-
sponding author on reasonable request.

References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA
Cancer ) Clin. 2017;67(1):7-30. doi: 10.3322/caac.21387.

[2] Barta JA, Powell CA, Wisnivesky JP. Global epidemiology of
lung cancer. Ann Glob Health. 2019;85(1):8. doi: 10.5334/
aogh.2419.


https://doi.org/10.3322/caac.21387
https://doi.org/10.5334/aogh.2419
https://doi.org/10.5334/aogh.2419

DE GRUYTER

(7]

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: globocan estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin. 2018;68(6):394—-424. doi: 10.3322/caac.21492.
Didkowska J, Wojciechowska U, Manczuk M, Lobaszewski ).
Lung cancer epidemiology: contemporary and future chal-
lenges worldwide. Ann Transl Med. 2016;4(8):150.

doi: 10.21037/atm.2016.03.11.

Xu-Welliver M, Carbone DP. Blood-based biomarkers in lung
cancer: prognosis and treatment decisions. Transl Lung
Cancer Res. 2017;6(6):708-12. doi: 10.21037/tlcr.2017.09.08.
Hennon MW, Demmy TL. Video-assisted thoracoscopic surgery
(vats) for locally advanced lung cancer. Ann Cardiothorac
Surg. 2012;1(1):37-42. doi: 10.3978/j.issn.2225-319X.2012.
03.05.

Zhang L, Wang G, Gan J, Dou Z, Bai L. Analgesic effect of the
midazolam-induced anesthesia in different doses on the
patients after the thoracoscopic resection of lung cancer.
Saudi ) Biol Sci. 2019;26(8):2064~7. doi: 10.1016/].sjbs.2019.
09.015.

Kocak NN, Ozen FF, Yildirim IHIH, Duran YY. Fentanyl inhibits
tumorigenesis from human breast stem cells by inducing
apoptosis. Asian Pac ) Cancer Prev. 2017;18(3):735-9.

doi: 10.22034/APJCP.2017.18.3.735.

XuY, Pan S, Jiang W, Xue F, Zhu X. Effects of propofol on the
development of cancer in humans. Cell Prolif.
2020;53(8):€12867. doi: 10.1111/cpr.12867.

Olkkola KT, Ahonen ). Midazolam and other benzodiazepines.
Handb Exp Pharmacol. 2008;182:335-60. doi: 10.1007/978-3-
540-74806-9_16.

Jiao J, Wang Y, Sun X, Jiang X. Insights into the roles of mid-
azolam in cancer therapy. Evid Based Complement Altern Med.
2017;2017:3826506. doi: 10.1155/2017/3826506.

Sun T, Chen J, Sun X, Wang G. Midazolam increases cisplatin-
sensitivity in non-small cell lung cancer (nsclc) via the mir-
194-5p/hook3 axis. Cancer Cell Int. 2021;21(1):1-401.

doi: 10.1186/512935-021-02104-6.

Du R, Shen W, LiuY, Gao W, Zhou W, Li J, et al. Tgif2 promotes
the progression of lung adenocarcinoma by bridging egfr/ras/
erk signaling to cancer cell stemness. Signal Transduct Target
Ther. 2019;4:60. doi: 10.1038/541392-019-0098-x.

Wee P, Wang Z. Epidermal growth factor receptor cell prolif-
eration signaling pathways. Cancers (Basel). 2017;9(5):52.
doi: 10.3390/cancers9050052.

Sigismund S, Avanzato D, Lanzetti L. Emerging functions of the
egfrin cancer. Mol Oncol. 2018;12(1):3-20. doi: 10.1002/1878-
0261.12155.

Xia H, Dai X, Yu H, Zhou S, Fan Z, Wei G, et al. Egfr-pi3k-pdk1
pathway regulates yap signaling in hepatocellular carcinoma:
the mechanism and its implications in targeted therapy. Cell
Death Dis. 2018;9(3):269. doi: 10.1038/s41419-018-0302-x.
Wang L, Wang L, Zhang H, Lu J, Zhang Z, Wu H, et al. Areg
mediates the epithelial-mesenchymal transition in pancreatic
cancer cells via the egfr/erk/nf-kb signalling pathway. Oncol
Rep. 2020;43(5):1558-68. doi: 10.3892/0r.2020.7523.

Chen J, Guo Q, Zhang J, Yin Z, Song W, He B, et al.
Chaetoglobosin g inhibits proliferation, autophagy and cell
cycle of lung cancer cells through egfr/mek/erk signaling
pathway. Pharmazie. 2020;75(12):642-5. doi: 10.1691/ph.
2020.0750.

(19]

(20]

(21]

[22

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31

(32]

(33]

The role of Midazolam in lung carcinoma cell =—— 9

Bae GY, Choi SJ, Lee JS, Jo J, Lee J, Kim ), et al. Loss of
e-cadherin activates egfr-mek/erk signaling, which promotes
invasion via the zeb1/mmp2 axis in non-small cell lung cancer.
Oncotarget. 2013;4(12):2512-22. doi: 10.18632/
oncotarget.1463.

Watanabe S, Hayashi H, Haratani K, Shimizu S, Tanizaki J,
Sakai K, et al. Mutational activation of the epidermal growth
factor receptor down-regulates major histocompatibility com-
plex class i expression via the extracellular signal-regulated
kinase in non-small cell lung cancer. Cancer Sci.
2019;110(1):52-60. doi: 10.1111/cas.13860.

Gu GM, Zhan YY, Abuduwaili K, Wang XL, Li XQ, Zhu HG, et al.
Mir-940 inhibits the progression of nsclc by targeting fam83f.
Eur Rev Med Pharmacol Sci. 2018;22(18):5964-71.

doi: 10.26355/eurrev_201809_15927.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA
Cancer ) Clin. 2019;69(1):7-34. doi: 10.3322/caac.21551.

Li G, Wu F, Yang H, Deng X, Yuan Y. Mir-9-5p promotes cell
growth and metastasis in non-small cell lung cancer through
the repression of tgfbr2. Biomed Pharmacother.
2017;96:1170-8. doi: 10.1016/j.biopha.2017.11.105.

Arbour KC, Riely GJ. Systemic therapy for locally advanced and
metastatic non-small cell lung cancer: A review. JAMA.
2019;322(8):764~-74. doi: 10.1001/jama.2019.11058.

Zhou Y, Hu XW, Yang SJ, Yu Z. Knockdown of Incrnazfasl
suppresses cell proliferation and metastasis in non-small cell
lung cancer. Anim Cell Syst (Seoul). 2020;24(2):107-13.

doi: 10.1080/19768354.2020.1736623.

Duma N, Santana-Davila R, Molina JR. Non-small cell lung
cancer: epidemiology, screening, diagnosis, and treatment.
Mayo Clin Proc. 2019;94(8):1623-40. doi: 10.1016/j.mayocp.
2019.01.013.

Qi Y, Yao X, Du X. Midazolam inhibits proliferation and accel-
erates apoptosis of hepatocellular carcinoma cells by ele-
vating microrna-124-3p and suppressing pim-1. IUBMB Life.
2020;72(3):452-64. doi: 10.1002/iub.2171.

Kang FC, Wang SC, Chang MM, Pan BS, Wong KL, Cheng KS,
et al. Midazolam activates caspase, mapks and endoplasmic
reticulum stress pathways, and inhibits cell cycle and akt
pathway, to induce apoptosis in tm3 mouse leydig progenitor
cells. Onco Targets Ther. 2018;11:1475-90. doi: 10.2147/0TT.
S154442.

Seo J, Jeon H, Kim M, Lee Y, Han E, Park WS, et al. Anti-meta-
static effect of midazolam on melanoma b16f10 cells in the
lungs of diabetic mice. Biochem Pharmacol. 2020;178:114052.
doi: 10.1016/j.bcp.2020.114052.

Jiao J, Wang Y, Sun X, Jiang X. Midazolam induces a549 cell
apoptosis in vitro via the mir-520d-5p/stat3 pathway. Int ] Clin
Exp Pathol. 2018;11(3):1365-73.

Fan D, Sun W, Qiu P, Wu Z, Li Y, Wan S, et al. Exploring
stereoselectivity of 3-indolyl cyclopentindoles: A parallel
synthesis and anti-egfr study on human cancer cells. Eur ] Med
Chem. 2014;74:533-40. doi: 10.1016/j.ejmech.2013.08.012.
Sooro MA, Zhang N, Zhang P. Targeting egfr-mediated autop-
hagy as a potential strategy for cancer therapy. Int ] Cancer.
2018;143(9):2116-25. doi: 10.1002/ijc.31398.

Liu X, Wang P, Zhang C, Ma Z. Epidermal growth factor receptor
(egfr): A rising star in the era of precision medicine of lung
cancer. Oncotarget. 2017;8(30):50209-20. doi: 10.18632/
oncotarget.16854.


https://doi.org/10.3322/caac.21492
https://doi.org/10.21037/atm.2016.03.11
https://doi.org/10.21037/tlcr.2017.09.08
https://doi.org/10.3978/j.issn.2225-319X.2012.03.05
https://doi.org/10.3978/j.issn.2225-319X.2012.03.05
https://doi.org/10.1016/j.sjbs.2019.09.015
https://doi.org/10.1016/j.sjbs.2019.09.015
https://doi.org/10.22034/APJCP.2017.18.3.735
https://doi.org/10.1111/cpr.12867
https://doi.org/10.1007/978-3-540-74806-9_16
https://doi.org/10.1007/978-3-540-74806-9_16
https://doi.org/10.1155/2017/3826506
https://doi.org/10.1186/s12935-021-02104-6
https://doi.org/10.1038/s41392-019-0098-x
https://doi.org/10.3390/cancers9050052
https://doi.org/10.1002/1878-0261.12155
https://doi.org/10.1002/1878-0261.12155
https://doi.org/10.1038/s41419-018-0302-x
https://doi.org/10.3892/or.2020.7523
https://doi.org/10.1691/ph.2020.0750
https://doi.org/10.1691/ph.2020.0750
https://doi.org/10.18632/oncotarget.1463
https://doi.org/10.18632/oncotarget.1463
https://doi.org/10.1111/cas.13860
https://doi.org/10.26355/eurrev_201809_15927
https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/j.biopha.2017.11.105
https://doi.org/10.1001/jama.2019.11058
https://doi.org/10.1080/19768354.2020.1736623
https://doi.org/10.1016/j.mayocp.2019.01.013
https://doi.org/10.1016/j.mayocp.2019.01.013
https://doi.org/10.1002/iub.2171
https://doi.org/10.2147/OTT.S154442
https://doi.org/10.2147/OTT.S154442
https://doi.org/10.1016/j.bcp.2020.114052
https://doi.org/10.1016/j.ejmech.2013.08.012
https://doi.org/10.1002/ijc.31398
https://doi.org/10.18632/oncotarget.16854
https://doi.org/10.18632/oncotarget.16854

10 — Xiangchao Zhang et al.

[34] Wang G, LiY, Yang Z, Xu W, Yang Y, Tan X. Ros mediated egfr/

mek/erk/hif-1a loop regulates glucose metabolism in pan-
creatic cancer. Biochem Biophys Res Commun.
2018;500(4):873-8. doi: 10.1016/j.bbrc.2018.04.177.

[35] YangR, Li X, WuY, Zhang G, Liu X, Li Y, et al. Egfr activates

gdh1 transcription to promote glutamine metabolism through
mek/erk/elkl pathway in glioblastoma. Oncogene.
2020;39(14):2975-86. doi: 10.1038/s41388-020-1199-2.

[36] Yang QS, Jiang LP, He CY, Tong YN, Liu YY. Up-regulation of

microrna-133a inhibits the mek/erk signaling pathway to
promote cell apoptosis and enhance radio-sensitivity by

(37]

DE GRUYTER

targeting egfr in esophageal cancer in vivo and in vitro. | Cell
Biochem. 2017;118(9):2625-34. doi: 10.1002/jcb.25829.
Uchiyama A, Nayak S, Graf R, Cross M, Hasneen K, Gutkind ]S,
et al. Sox2 epidermal overexpression promotes cutaneous
wound healing via activation of egfr/mek/erk signaling
mediated by egfr ligands. ] Invest Dermatol.
2019;139(8):1809-20. doi: 10.1016/].jid.2019.02.004.

Liang Y, Zhang T, Jing S, Zuo P, Li T, Wang Y, et al. 20(s)-
ginsenoside rg3 inhibits lung cancer cell proliferation by tar-
geting egfr-mediated ras/raf/mek/erk pathway. Am ] Chin
Med. 2021;49(3):753-65. doi: 10.1142/50192415X2150035X.


https://doi.org/10.1016/j.bbrc.2018.04.177
https://doi.org/10.1038/s41388-020-1199-2
https://doi.org/10.1002/jcb.25829
https://doi.org/10.1016/j.jid.2019.02.004
https://doi.org/10.1142/S0192415X2150035X

DE GRUYTER The role of Midazolam in lung carcinoma cell =— 11

Appendix

Table A1: Number of voluntary activities of mice

Group Day 7 Day 14 Day 21 Day 28
Control 110.62 + 29.18 99.14 + 13.29 120.10 + 27.72 93.62 + 13.85
Midazolam 93.62 + 13.85 95.88 + 10.29 98.99 +13.21 89.63 + 10.85
P-value 0.9997 >0.9999 0.5286 0.7318

Day 7 was defined as the day on which the tumor was judged to have formed if the diameter was larger than 5.0 mm.
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