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MiRNA-210 is involved in cigarette smoke extract-induced
apoplosis of MLE-12 via the Shh signaling pathway

Zhongshang Dai’™, Zijie Zhan?*, Yan Chen*>*%, Jinhua Li#>*>

ABSTRACT

INTRODUCTION The aim of the study is the regulatory effect of MicroRNA-210 (MiR-
210) on cigarette smoke extract (CSE)-induced mouse lung epithelial type II cells
(MLE-12) apoptosis and determine whether the MiR-210 is involved in cigarette
smoke extract-induced apoptosis of MLE-12 via Shh signaling pathway.

METHODS Expression of MiR-210 in CSE-induced MLE-12 was assessed by qRT-
PCR. The emphysema mouse model and MiR-210 knockdown mice were
each established by inhaling cigarette smoke or intratracheal lentiviral vector
instillation. The Sonic hedgehog (Shh), Ptchl, Glil, B-cell lymphoma-2 (Bcl-2),
and Caspase 3 protein expressions were detected by Western blotting. mRNA
expressions of MiR-210, Shh, Ptchl, and Glil were measured using quantitative
real-time polymerase chain reaction (qQRT-PCR). Apoptotic ratios in mice and
CSE-induced HPVEC were assessed using TUNEL (terminal deoxynucleotidyl
transferase dUTP nick end labeling) assays and flow cytometry.

RESULTS Our results showed that MiR-210 mRINA levels were significantly down-
regulated in the CSE-induced MLE 12. MLE 12 apoptosis with down-regulated
Shh, Ptchl, Glil, and Bel-2 expression, increased Caspase 3 expression in the
emphysema mouse model and CSE-induced MLE 12. Knockdown MiR-210 can
facilitate cell apoptosis and emphysema via the Shh signaling pathway in mice. In
vitro, MiR-210 can attenuate the apoptosis of CSE-exposed MLE 12. Moreover,
MiR-210 regulated the Shh pathway and promoted its expression.

concLusions MiRNA-210 is involved in cigarette smoke extract-induced apoptosis of
MLE-12 via the Shh signaling pathway. The present study reveals that MiRNA-210
may be a key regulator of cellular apoptosis and could be explored as a potential
therapeutic target in the future.

ABBREVIATIONS MiRNAs: MicroRNAs, MiR-210: MicroRNA-210, COPD: chronic obstructive pulmonary disease, CSE: cigarette smoke
extract, MLE-12: mouse lung epithelial type Il cells, Bcl-2: B-cell lymphoma-2, TUNEL: terminal deoxynucleotidyl transferase dUTP
nick end labelling, MSP: methylation-specific PCR, GOLD: Global Initiative for Chronic Obstructive Lung Disease, HE: hematoxylin

and eosin, Al: apoptotic index, Shh: Sonic hedgehog, AT2: alveolar type Il epithelial cells, Ptch1: the transmembrane protein
patched, Smo: the transmembrane protein smoothened, EVs: extracellular vesicles
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) has become a global public
health challenge due to its high prevalence and associated mortality'?. The China
Pulmonary Health (CPH) study reported that the overall prevalence of spirometry-
defined COPD was 8.6% among the general Chinese population aged 20 years
and older, with an estimated total of 99.9 million affected individuals®. But the
pathogenesis remains poorly understood. Cigarette smoking is a well-established
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risk factor for COPD, and our previous research
demonstrated that cigarette smoking accelerates
disease progression by inducing apoptosis in bronchial
and alveolar epithelial cells*®. Alveolar type Il
epithelial cells (AT2) are essential for maintaining the
distal lung epithelium and for regeneration following
injury. Dysfunction of these cells contributes to the
development of various parenchymal lung diseases,
including emphysema®. Cigarette smoke extract (CSE)
induces apoptosis in AT2 cells, as well as in endothelial
and smooth muscle cells”®. Apoptosis of epithelial cells
is strongly associated with the pathogenesis of COPD
in vivo and is a major focus of research. Growing
evidence indicates that the Sonic hedgehog (Shh)
pathway plays a role in stem cell maintenance, likely by
promoting stem cell proliferation’. The canonical Sonic
hedgehog (Shh) pathway begins with Shh secretion
and binding to its target cell's transmembrane protein
patched (Ptchl). This interaction lifts the repression
on smoothened (Smo), a transmembrane protein,
leading to the activation of Gli transcription factors
(Gli1-3) and ultimately regulating gene transcription®.
Numerous studies have highlighted the anti-apoptotic
effects of the Shh signaling pathway'*'?. Additionally,
recent research has shown that hyperoxia-induced
oxidative stress leads to apoptosis in AT2 cells by
inhibiting the Shh pathway".

MicroRNAs (MiRNAs) are short transcripts,
19-25 nucleotides in length, that do not code for
proteins'*. They are increasingly recognized for
their involvement in numerous biological processes,
including chromatin modification, regulation of
protein activity, and gene imprinting'®. Recent studies
have demonstrated that exposure to cigarette smoke
causes significant changes in MiRNA expression in
both humans and rats'®'’. Devlin et al. identified
MicroRNA-210 (MiR-210) as a significant target of
the hypoxia-inducible factor, noting its overexpression
in various cardiovascular diseases and solid tumors.
Elevated levels of MiR-210 are associated with an
in vivo hypoxic signature and correlate with poor
prognosis in cancer patients'®. Mateu-Jimenez et
al.’ showed that expression of MiR-210 and DNA
methylation was greater in lung tumor specimens of
lung cancer (LC)-COPD than of LC patients. Another
study demonstrated cigarette smoke-induced relative
up-regulation of cellular and extracellular vesicles
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(EVs) MiR-210 expression of bronchial epithelial
cells by evaluating the modified EVs and COPD lung
samples®*. However, whether MiR-210 has a role in
the progress of COPD by regulating the function of
AT2 remains unclear. Based on the above studies, we
postulated that MiRNA-210 is involved in cigarette
smoke extract-induced apoptosis of MLE-12 via the
Shh signaling pathway.

METHODS

Animals

This animal protocol was approved by the Ethics
Committee of the Second Xiangya Hospital of Central
South University. Six-week-old male C57BL/6]J mice
were divided into four groups (n=5 per group). The
control group was exposed to normal air from 8
to 16 weeks of age. The CS group was exposed to
cigarette smoke (CS) four times a day during the same
period*. The CS + Vector group received a lentiviral
empty vector (107 pfu per mouse, once a week,
intratracheally) at 6 and 7 weeks old, then exposed
to CS from 8 to 20 weeks old*. The CS + Si-MiR-210
group was treated with a lentiviral miR-210 inhibitor
(107 pfu per mouse, once a week, intratracheally) at
6 and 7 weeks old. One mouse from the CS + Vector
group and one from the CS + Si-MiR-210 group died
during the experiment. The left lung tissues of the
mice were inflated with 10% formalin at a constant
pressure of 25 cm H,O for 24 hours, then fixed and
embedded.

Cell lines and culture

Mouse lung epithelial type II cells (MLE-12)
were obtained from ATCC and cultured in the
recommended medium with 5% fetal bovine serum
at 37°C in a humidified atmosphere containing 5%
CO,. The medium was changed every two days. Before
exposure to CSE, shRNA, and/or lentivirus, the cells
were starved for 24 hours. MiR-210 and the vector
lentivirus were transfected into MLE-12 cells following
the manufacturer's guidelines, with a multiplicity of
infection of 10. Cells expressing green fluorescent
protein were considered successfully infected.

Preparation of CSE
Half a cigarette (Marlboro, China) was smoked
through a 0.22 mm filter to remove particles and
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bacteria, with the smoke collected into a vessel
containing 20 mL of 5% fetal bovine serum. This
mixture was the starting solution for CSE, with a pH of
7.4. Fresh CSE was prepared before each experiment
and diluted to a 5% working concentration.

Transient transfection of miR-210 inhibitor

Cells were seeded into six-well plates and allowed to
grow overnight until they reached 70-90% confluence.
To downregulate miR-210 expression, MLE-12 cells
were transfected with specific inhibitors or a miRNA-
negative control (Ambion, USA) using Lipofectamine
2000 (Invitrogen, Carlsbad, USA) following the
manufacturer's protocol. Experiments were conducted
48 hours after transfection.

Morphology and apoptosis assessment

Lung tissue samples were fixed in 4% formaldehyde,
sectioned into 3.5 mm thick slices, and stained
with hematoxylin and eosin (HE). Emphysema was
quantified by assessing alveolar destruction, using the
mean linear intercept (MLI) and destruction index
(DI). MLI was calculated by dividing the length of
a line drawn across the section by the total number
of intercepts encountered in 36 lines per sample,
with ten random fields per sample observed under
a microscope at x100 magnification®"**. DI was
determined by dividing the number of destroyed
alveoli by the total number of alveoli counted, with an
average of 5 different sections examined per sample
under a microscope at x100 magnification. Alveolar
destruction was defined by criteria such as at least
two alveolar wall defects, at least two intraluminal
parenchymal rags in alveolar ducts, clearly abnormal
morphology, or classic emphysematous changes in the
lung®.

TUNEL staining was conducted to evaluate
apoptosis levels in lung tissue using an in-situ
apoptosis detection kit (Shanghai Yisheng Biotech,
China). The apoptotic index (AI) was calculated
in lung tissue from each subject to assess lung
parenchyma apoptosis. Al was determined as the
percentage of TUNEL-positive nuclei out of over
3000 randomly selected nuclei at x400 magnification.
Fields containing non-parenchymal structures, such
as large airways or vessels, were excluded®.

Apoptotic cells were detected using an annexin
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V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) cell apoptosis kit (KeyGEN BioTECH,
China) following the manufacturer's instructions.
Briefly, cells were washed and incubated with 500
pL of 1x binding buffer containing 5 pL of annexin
V-FITC and 5 pL of PI for 15 minutes in the dark.
Apoptosis was assessed by flow cytometry (BD
Biosciences), with early apoptosis determining the
percentage of apoptotic cells. Each experiment was
conducted in triplicate.

Real-time RT-PCR

MLE-12 cells were exposed to 5% cigarette smoke
extract (CSE) for 24 hours. RNA was isolated
using TRIzon reagent (Cwbio, China) following
the manufacturer's protocol. Reverse transcription
of the first-strand cDNA was carried out using the
RevertAid First Strand cDNA Synthesis Kit (Thermo
Fisher Scientific, USA). Real-time quantitative PCR
was conducted using the All-in-OneTM Qpcr Mix
(GeneCopoeiaTM) on a CFX96™ PCR machine
(Bio-Rad, Hercules, CA, USA). All procedures
were performed according to the manufacturer's
instructions, with f-actin used as the internal control.
The comparative C(T) method was employed for real-
time PCR data analysis, and mRNA expression levels
were normalized to B-actin®®.

Western blotting

MLE-12 cells were treated with 5% cigarette smoke
extract (CSE) for 24 hours. Following treatment, cells
were harvested in RIPA cell lysis buffer supplemented
with protease inhibitors (Merck, Germany), and
protein concentrations were quantified using the
BCA protein assay. Subsequently, 20 pg of protein
extracts were separated by SDS-PAGE using 12%
and 8% polyacrylamide gels, followed by transfer
to polyvinylidene difluoride (PVDF) membranes.
The membranes were then blocked with 1x TBST
containing 5% skim milk and incubated overnight
at 4°C with primary antibodies against Shh, Glil,
Ptch1, Bel-2, Caspase3, and B-actin (sourced from
Proteintech, USA, and Abcam, UK). Following primary
antibody incubation, the membranes were probed
with a horseradish peroxidase-conjugated goat anti-
rabbit IgG antibody (Proteintech, USA) for 1.5 hours

at room temperature. Inmunoreactivity was visualized
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Figure 1 Expression of MiR-210 is specifically down-regulated in CSE-induced MLE-12
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Expression of MiR-210-3P and MiR-210-5P in MLE-12 (n=3) and 5%CSE-induced MLE-12 (n=3) was determined by qRT-PCR. B-actin was used as a reference gene.

using an enhanced chemiluminescence kit according
to the manufacturer's instructions. Protein expression
levels were normalized to B-actin expression.

Statistical analysis

The data analysis utilized Statistical Package for Social
Sciences (SPSS) version 21.0 and R software version
3.6.2 (R Foundation for Statistical Computing).
Descriptive statistics were reported as means with
standard deviation (SD). One-way ANOVA and
Kruskal-Wallis tests were conducted to analyze the
data from each group. Statistical significance was
defined as p < 0.05.

RESULTS

Expression of MiR-210 is down-regulated
explicitly in CSE-induced MLE-12

First, we detected the expression of MiR-210 in MLE-
12 and 5% CSE-induced MLE-12. Contrary to our
assumptions, MiR-210, including MiR-210-3p and
MiR-210-5p, was the most down-regulated MicroRNA
in CSE-induced MLE-12 compared with MLE-12
(Figure 1). These results indicate that MiR-210 may
have an important role in COPD.

Effect of CSE on the expression of Shh pathway
and apoptosis in MLE-12

MLE 12 was treated with 5% CSE for 24 h before
Western blotting. The same was done for the detection
of apoptosis and mRNA expression of the Shh pathway.

After CSE treatment, the protein expression of the
Shh pathway (Shh, Ptch1, Glil) decreased, and so did
the anti-apoptotic factor Bel-2, while the level of the
apoptotic factor Caspase 3 was significantly increased
(Figures 2a-2f). Furthermore, qRT-PCR showed that
there were lower MiR-210, Shh, Ptch1, Glil and Gli2
mRNA levels in the CSE group than in control group
subjects (Figure 2g). Following CSE treatment, a
notable elevation in apoptosis was observed in the 5%
CSE group compared to the control group (Figures 2h
and 2i). These findings suggest a potential inhibition
of the Shh pathway in MLE-12 cells by CSE, leading

to enhanced apoptosis.

MiR-210 attenuates CSE-induced apoptosis via
the Shh pathway in MLE-12

We aimed to investigate whether MiR-210 could
mitigate apoptosis in MLE-12 cells exposed to
CSE via the Shh pathway. Immunoblotting analysis
revealed decreased levels of Shh, Ptch1, Glil, and Bcl-
2 proteins, along with increased levels of Caspase 3
protein in the CSE group compared to the control
group. Moreover, compared to the CSE + Vector
group, the Si-MiR-210 group exhibited significant
reductions in Shh, Ptchl, Glil, and Bcl-2 protein levels,
alongside a notable increase in Caspase 3 protein level
(Supplementary file Figures la-1f). Additionally,
qRT-PCR analysis showed decreased levels of MiR-
210, Shh, Ptchl, and Glil mRNA in the GSE group
compared to the control group. Similarly, compared

Tob. Induc. Dis. 2024;22(May):92
https://doi.org/10.18332/tid/186643

4


https://doi.org/10.18332/tid/186643

Research Paper

Tobacco Induced Diseases

Figure 2 Effect of CSE on expression of Shh pathway and apoptosis in MLE-12: a) Inmunoblotting was

conducted using MLE-12 from the control and 5%  CSE

groups; b—f) The relative expressions of Shh, Ptch-1,

Gli-1, Bcl-2, and Caspase 3 in MLE-12; g) Expression of MiR-210-3P, MiR-210-5P, Shh, Ptch-1, Gli-1 and

Gli-2 were measured by qRT-PCR from the control and

5% CSE groups; h) Flow cytometry was conducted in

MLE-12 from the control and 5% CSE groups; i) Statistical analysis of the AI in two groups.
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to the CSE + Vector group, the Si-MiR-210 group
demonstrated significantly reduced mRNA levels of
MiR-210, Shh, Ptchl, and Glil (Supplementary file
Figures 1g-1j). Next, we performed flow cytometry
to clarify whether decreased MiR-210 was associated
with apoptosis in GSE-exposed MLE 12. The results
demonstrated significantly fewer apoptotic cells in the
control and GSE + Vector groups than in the GSE
and Si-MiR-210 groups (Supplementary file Figures
1k-11). These results indicate that decreased MiR-
210 could facilitate GSE-induced apoptosis in MLE
12. Considering the simultaneously decreased Shh
expression, it is possible to assume that the down-
regulated MiR-210 level leads to the decreased Shh
pathway expression in GSE-exposed MLE 12.

MiR-210 attenuates CS-induced apoptosis via
the Shh pathway in the mouse model

Due to the decreased MiR-210 mRNA levels observed
in CSE-exposed MLE-12 cells, we investigated
whether altering MiR-210 mRNA levels or activity
could mitigate emphysema and pulmonary apoptosis
in mouse models. Mice were intratracheally depleted
of MiR-210 using a lentiviral delivery system (107
plaque-forming units per mouse) and subsequently
exposed to cigarette smoke (CS). In GS-exposed mice,
both the mean linear intercept (MLI) and destruction
index (DI) values significantly increased compared
to the control group, whereas they decreased in the
CSE + Vector group compared to the Si-MiR-210
group. Additionally, Si-MiR-210-treated mice
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exhibited emphysematous changes with exacerbated
MLI and DI (Supplementary file Figures 2a and 2b).
Immunoblotting further revealed higher Caspase
3 levels and lower levels of Shh, Ptchl, Glil, and
Bcl-2 proteins in the Si-MiR-210 group compared
to both the CS + Vector and control group subjects
(Supplementary file Figures 2c-2h).

Notably, qRT-PCR showed that the mRNA levels
of MiR-210, Shh, Ptch1, and Glilwere significantly
decreased in the Si-MiR-210 group compared with
the CS + Vector and control groups (Supplementary
file Figures 2i-21). TUNEL staining also showed more
pulmonary apoptosis in the Si-MiR-210 group than in
the CS + Vector and control groups (Supplementary
file Figures 2m and 2n). These results indicate that
MiR-210 gene silencing aggravated emphysema and
pulmonary apoptosis and decreased Shh pathway
expression in GS-exposed mice.

DISCUSSION

Our results showed that MiR-210 mRNA levels were
significantly down-regulated in the CSE-induced
MLE 12, and MiR-210 down-expression can facilitate
CSE-induced cell apoptosis and emphysema via the
Shh pathway in mice. In vitro, MiR-210 gene silencing
can aggravate the apoptosis of GSE-exposed MLE 12.
Moreover, MiR-210 regulated the Shh pathway and
promoted its expression. These findings illustrate
that MiR-210 is involved in cigarette smoke extract-
induced apoptosis of MLE-12 via the Shh signaling
pathway in COPD.

MiRNAs play pivotal roles as key regulators of
transcription and translation, orchestrating intricate
interactions with DNAs, RNAs, and proteins over
recent decades®?°. Notably, MiR-210 stands
out as a significant player in numerous tumor
development processes, characterized by its elevated
expression in various cancers®. It is closely linked
to tumor progression, including advanced stages and
widespread metastasis. MiR-210 targets a diverse
array of genes involved in pivotal cellular processes
such as mitochondrial metabolism, angiogenesis, DNA
repair, and cell survival, underscoring its multifaceted
impact on cancer biology'®. We discovered, quite
interestingly, that MiR-210 acted as a crucial regulator
in COPD development, attenuating MLE 12 apoptosis
and promoting Shh signaling pathway expression in

Tobacco Induced Diseases

vitro and in vivo. Devlin et al."® identified MiR-210
as the sole miRNA consistently upregulated in both
normal and transformed hypoxic cells across various
published studies. Its expression level may serve
as a reflection of hypoxia-inducible factor activity,
even in circumstances of normoxic activation of
this transcription factor®®*. Additionally, Juan et al.
conducted a study utilizing 28 clear-cell type human
renal cell carcinoma (ccRCC) samples obtained
from patient-matched specimens. Through high-
throughput quantitative real-time polymerase chain
reaction analysis of microRNA expression levels, they
discovered that MiR-210, induced by hypoxia, was
significantly overexpressed in ccRCC*. Likewise,
another investigation showed that the upregulation
of hsa-miR-210 was triggered by hypoxia in a manner
reliant on HIF-1alpha and VHL. Additionally, the
levels of hsa-miR-210 expression in breast cancer
specimens were recognized as an independent
prognostic indicator’'. However, MiR-210, including
MiR-210-3p and MiR-210-5p, was the most down-
regulated MiRNA in CSE-induced MLE-12 compared
with MLE-12 in our study. Recent evidence has
highlighted the mechanisms through which MiR-210
targets genes in bone marrow-derived mesenchymal
stem cells. Using qRT-PCR arrays for rat apoptotic
genes, computational target gene analyses, and
luciferase reporter assays, researchers identified
FLICE-associated huge protein (FLASH)/caspase-8-
associated protein-2 (Casp8ap2) as a target gene of
MiR-210. MiR-210 directly antagonized an apoptotic
component, Casp8ap2, and the relevance of this
for cancer is currently unknown?®. What we found,
consistent with recent evidence, was that MiR-210
directly antagonized an apoptotic component, Caspase
3, presumably through regulation of Shh signaling
pathway.

We also investigated the anti-apoptotic effect of the
Shh signaling pathway in the CSE-induced apoptosis
of MLE 12. After CSE treatment, the protein and
mRNA expression of the Shh pathway decreased, as
did the anti-apoptotic factor Bcl-2, while the level
of the apoptotic factor Caspase 3 was significantly
increased. Wang et al.?® found that itraconazole
treatment inhibited hedgehog pathway key molecular
expression, such as Shh and Glil, resulting in the
promotion of apoptosis and autophagy in breast
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cancer. Another study also advanced our knowledge
that polydatin can protect kidneys against ischemia/
reperfusion injury by enhancing antioxidant capacity
and decreasing cell apoptosis by activating the Shh
signaling pathway'?. Research on the anti-apoptotic
effects of the Shh pathway in pulmonary diseases is
relatively sparse. Our findings indicate that the Shh
pathway may play a role in reducing CSE-induced
apoptosis in MLE-12 cells. Shh protein appears
to promote cell proliferation, thereby competing
with apoptotic processes. Previous studies have
mainly examined the Shh pathway in the context of
embryonic lung development, suggesting it promotes
stem cell proliferation®*. Overexpression of Shh
protein has been shown to assist in lung injury repair
by increasing lung stem cells. Our study's results are
consistent with these earlier findings. Based on the
existing evidence and our current data, we propose
that the Shh pathway is involved in regulating GSE-
induced apoptosis in MLE-12 cells.

Limitations

Our study has several limitations. First, the small
sample size may not fully validate the accuracy
of the findings. Secondly, we did not thoroughly
investigate the genes involved in the MiR-210/Shh
signaling pathway axis. Further research is required
to understand how MiR-210 inhibition contributes to
COPD progression. Thirdly, previous studies indicated
that both epithelial and endothelial cells are implicated
in emphysema. The interactions between these cell
types are complex and need further exploration.

CONCLUSIONS

Our results suggest that MiRNA-210 is involved in
cigarette smoke extract-induced apoptosis of MLE-
12 via the Shh signaling pathway. The present study
reveals that MiRNA-210 may be a key regulator of
cellular apoptosis and could be explored as a potential
therapeutic target in the future.

REFERENCES

1. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy
for the diagnosis, management, and prevention of chronic
obstructive lung disease 2017 Report. GOLD executive
summary. Am J Respir Crit Care Med. 2017;195(5):557-
582. d0i:10.1164/rccm.201701-0218PP

2. Yin P, Wang H, Vos T, et al. A subnational analysis of

10.

11.

12.

13.

14.

Tobacco Induced Diseases

mortality and prevalence of COPD in China From 1990 to
2013: findings from the Global Burden of Disease Study
2013. Chest. 2016;150(6):1269-1280. doi:10.1016/j.
chest.2016.08.1474

Wang C, Xu J, Yang L, et al. Prevalence and risk factors of
chronic obstructive pulmonary disease in China (the China
Pulmonary Health [CPH] study): a national cross-sectional
study. Lancet. 2018;391(10131):1706-1717. doi:10.1016/
50140-6736(18)30841-9

Zeng H, Li T, He X, et al. Oxidative stress mediates the
apoptosis and epigenetic modification of the Bcl-2 promoter

via DNMT1 in a cigarette smoke-induced emphysema
model. Respir Res. 2020;21(1):229. doi:10.1186/s12931-
020-01495-w

Li J, Zong D, Chen Y, Chen P. Anti-apoptotic effect of the
Shh signaling pathway in cigarette smoke extract induced
MLE 12 apoptosis. Tob Induc Dis. 2019(June);17:49.
doi:10.18332/tid/109753

Hayek H, Kosmider B, Bahmed K. The role of miRNAs in
alveolar epithelial cells in emphysema. Biomed Pharmacother.
2021;143:112216. doi:10.1016/j.biopha.2021.112216

Tan SX, Jiang DX, Hu RC, et al. Endoplasmic reticulum
stress induces HRD1 to protect Alveolar Type II
epithelial cells from apoptosis induced by cigarette smoke
extract. Cell Physiol Biochem. 2017;43(4):1337-1345.
doi:10.1159/000481845

Long YJ, Liu XP, Chen S8, Zong DD, Chen Y, Chen P.
miR-34a is involved in CSE-induced apoptosis of human

pulmonary microvascular endothelial cells by targeting
Notch-1 receptor protein. Respir Res. 2018;19(1):21.
doi:10.1186/s12931-018-0722-2

Beachy PA, Karhadkar SS, Berman DM. Tissue repair
and stem cell renewal in carcinogenesis. Nature.
2004;432(7015):324-331. doi:10.1038/nature03100

Li X, Wang X, Xie G, et al. Sonic hedgehog and Wnt/p-
catenin pathways mediate curcumin inhibition of breast
cancer stem cells. Anticancer Drugs. 2018;29(3):208-215.
doi:10.1097/CAD.0000000000000584

Chen KY, Chiu CH, Wang LC. Anti-apoptotic effects of Sonic
hedgehog signalling through oxidative stress reduction in

astrocytes co-cultured with excretory-secretory products of
larval Angiostrongylus cantonensis. Sci Rep. 2017;7:41574.
doi:10.1038/srep41574

Meng QH, Liu HB, Wang JB. Polydatin ameliorates renal
ischemia/reperfusion injury by decreasing apoptosis

and oxidative stress through activating sonic hedgehog
signaling pathway. Food Chem Toxicol. 2016;96:215-225.
doi:10.1016/j.fct.2016.07.032

Dang HX, Li J, Liu G, et al. CGRP attenuates hyperoxia-
induced oxidative stress-related injury to alveolar epithelial

type II cells via the activation of the Sonic hedgehog
pathway. Int J Mol Med. 2017;40(1):209-216. doi:10.3892/

ijmm.2017.3002
Bartel DP. MicroRNAs: target recognition and regulatory

functions. Cell. 2009;136(2):215-233. doi:10.1016/].

Tob. Induc. Dis. 2024;22(May):92
https://doi.org/10.18332/tid/186643

7


https://doi.org/10.18332/tid/186643
http://doi.org/10.1164/rccm.201701-0218PP
http://doi.org/10.1016/j.chest.2016.08.1474
http://doi.org/10.1016/j.chest.2016.08.1474
http://doi.org/10.1016/S0140-6736(18)30841-9
http://doi.org/10.1016/S0140-6736(18)30841-9
http://doi.org/10.1186/s12931-020-01495-w
http://doi.org/10.1186/s12931-020-01495-w
http://doi.org/10.18332/tid/109753
http://doi.org/10.1016/j.biopha.2021.112216
http://doi.org/10.1159/000481845
http://doi.org/10.1186/s12931-018-0722-2
http://doi.org/10.1038/nature03100
http://doi.org/10.1097/CAD.0000000000000584
http://doi.org/10.1038/srep41574
http://doi.org/10.1016/j.fct.2016.07.032
http://doi.org/10.3892/ijmm.2017.3002
http://doi.org/10.3892/ijmm.2017.3002
http://doi.org/10.1016/j.cell.2009.01.002

Research Paper

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

cell.2009.01.002

Esteller M. Non-coding RNAs in human disease. Nat Rev
Genet. 2011;12(12):861-874. doi:10.1038/nrg3074

Izzotti A, Calin GA, Arrigo P, Steele VE, Croce CM, De Flora
S. Downregulation of microRNA expression in the lungs of
rats exposed to cigarette smoke. FASEB J. 2009;23(3):806-
812. doi:10.1096/1].08-121384

Kara M, Kirkil G, Kalemci S. Differential expression of
MicroRNAs in chronic obstructive pulmonary disease.
Adv Clin Exp Med. 2016;25(1):21-26. doi:10.17219/
acem/28343

Devlin C, Greco S, Martelli F, Ivan M. miR-210: more than
a silent player in hypoxia. IUBMB Life. 2011;63(2):94-100.
doi:10.1002/iub.427

Mateu-Jimenez M, Curull V, Rodriguez-Fuster A, et al.
Profile of epigenetic mechanisms in lung tumors of patients
with underlying chronic respiratory conditions. Clin
Epigenetics. 2018;10:7. doi:10.1186/s13148-017-0437-0
Fujita Y, Araya J, Ito S, et al. Suppression of autophagy by
extracellular vesicles promotes myofibroblast differentiation
in COPD pathogenesis. J Extracell Vesicles. 2015;4:28388.
doi:10.3402/jev.v4.28388

Sussan TE, Rangasamy T, Blake DJ, et al. Targeting Nrf2
with the triterpenoid CDDO-imidazolide attenuates cigarette
smoke-induced emphysema and cardiac dysfunction in
mice. Proc Natl Acad Sci U S A. 2009;106(1):250-255.
doi:10.1073/pnas.0804333106

Choe KH, Taraseviciene-Stewart L, Scerbavicius R, Gera L,
Tuder RM, Voelkel NF. Methylprednisolone causes matrix
metalloproteinase-dependent emphysema in adult rats.
Am J Respir Crit Care Med. 2003;167(11):1516-1521.
d0i:10.1164/rcem.200210-12070C

Saetta M, Shiner RJ, Angus GE, et al. Destructive index: a
measurement of lung parenchymal destruction in smokers.
Am Rev Respir Dis. 1985;131(5):764-769. doi:10.1164/
arrd.1985.131.5.764

Schmittgen TD, Livak KJ. Analyzing real-time PCR data by
the comparative G(T) method. Nat Protoc. 2008;3(6):1101-
1108. doi:10.1038/nprot.2008.73

Gangaraju VK, Lin H. MicroRNAs: key regulators of
stem cells. Nat Rev Mol Cell Biol. 2009;10(2):116-125.
doi:10.1038/nrm2621

Inui M, Martello G, Piccolo S. MicroRNA control of signal
transduction. Nat Rev Mol Cell Biol. 2010;11(4):252-263.
d0i:10.1038/nrm2868

Booton R, Lindsay MA. Emerging role of MicroRNAs
and long noncoding RNAs in respiratory disease. Chest.
2014;146(1):193-204. doi:10.1378/chest.13-2736
Giannakakis A, Sandaltzopoulos R, Greshock J, et al. miR-
210 links hypoxia with cell cycle regulation and is deleted
in human epithelial ovarian cancer. Cancer Biol Ther.
2008;7(2):255-264. d0i:10.4161/cbt.7.2.5297

Fasanaro P, D’Alessandra Y, Di Stefano V, et al.
MicroRNA-210 modulates endothelial cell response to
hypoxia and inhibits the receptor tyrosine kinase ligand

Tobacco Induced Diseases

Ephrin-A3. J Biol Chem. 2008;283(23):15878-15883.
doi:10.1074/jbc.M800731200

Juan D, Alexe G, Antes T, et al. Identification of a microRNA
panel for clear-cell kidney cancer. Urology. 2010;75(4):835-
841. doi:10.1016/j.urology.2009.10.033

Camps C, Buffa FM, Colella S, et al. hsa-miR-210 is induced
by hypoxia and is an independent prognostic factor in
breast cancer. Clin Cancer Res. 2008;14(5):1340-1348.
doi:10.1158/1078-0432.CCR-07-1755

Kim HW, Haider HK, Jiang S, Ashraf M. Ischemic
preconditioning augments survival of stem cells via miR-
210 expression by targeting caspase-8-associated protein 2.
J Biol Chem. 2009;284(48):33161-33168. doi:10.1074/jbc.
M109.020925

Wang X, Wei S, Zhao Y, et al. Anti-proliferation of breast
cancer cells with itraconazole: Hedgehog pathway inhibition
induces apoptosis and autophagic cell death. Cancer Lett.
2017;385:128-136. doi:10.1016/j.canlet.2016.10.034
Kugler MC, Joyner AL, Loomis CA, Munger JS. Sonic
hedgehog signaling in the lung. From development to
disease. Am J Respir Cell Mol Biol. 2015;52(1):1-13.
doi:10.1165/rcmb.2014-0132TR

30.

31.

32.

33.

34.

ACKNOWLEDGEMENTS
The authors would like to thank all participants for collecting the data
of this study.

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING

This work was supported by the National Natural Science Foundation
of China (No. 82370054, 82070049, 81800045 and 81873410), the
Natural Science Foundation of Hunan Province (N0.2022JJ30060 and
2018JJ3747) and the National Key Clinical Specialty Construction
Projects of China.

ETHICAL APPROVAL AND INFORMED CONSENT

Ethical approval was obtained from Clinical Trial and Ethics Committee
of the Second Xiangya Hospital of Central South University

(Approval number: 2018100; Date: 9 March 2018). All experiments
were performed in accordance with the relevant guidelines and
regulations. The animal protocol has been reviewed and approved by
the Institutional Animal Care and Use Committee (IACUC), The Second
Xiangya Hospital, Central South University, China.

DATA AVAILABILITY
The data supporting this research are available from the authors on
reasonable request.

AUTHORS' CONTRIBUTIONS

ZD and ZZ: wrote the main manuscript text and prepared all the figures.
YC and JL: designed the study. All authors reviewed, read and approved
the final version of the manuscript.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer-reviewed.

Tob. Induc. Dis. 2024;22(May):92
https://doi.org/10.18332/tid/186643

8


https://doi.org/10.18332/tid/186643
http://doi.org/10.1016/j.cell.2009.01.002
http://doi.org/10.1038/nrg3074
http://doi.org/10.1096/fj.08-121384
http://doi.org/10.17219/acem/28343
http://doi.org/10.17219/acem/28343
http://doi.org/10.1002/iub.427
http://doi.org/10.1186/s13148-017-0437-0
http://doi.org/10.3402/jev.v4.28388
http://doi.org/10.1073/pnas.0804333106
http://doi.org/10.1164/rccm.200210-1207OC
http://doi.org/10.1164/arrd.1985.131.5.764
http://doi.org/10.1164/arrd.1985.131.5.764
http://doi.org/10.1038/nprot.2008.73
http://doi.org/10.1038/nrm2621
http://doi.org/10.1038/nrm2868
http://doi.org/10.1378/chest.13-2736
http://doi.org/10.4161/cbt.7.2.5297
http://doi.org/10.1074/jbc.M800731200
http://doi.org/10.1016/j.urology.2009.10.033
http://doi.org/10.1158/1078-0432.CCR-07-1755
http://doi.org/10.1074/jbc.M109.020925
http://doi.org/10.1074/jbc.M109.020925
http://doi.org/10.1016/j.canlet.2016.10.034
http://doi.org/10.1165/rcmb.2014-0132TR

