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ABSTRACT

Aim of the Study: To investigate the role of microRNA-221 (miR-221) in the airway epithe-
lial cell injury in asthma and delineate the underlying mechanism that may involve with
SIRT1. Materials and Method: Bronchial epithelial cells from asthma patients and healthy
controls were obtained by bronchoscopic brushing. The miR-221 and SIRTT mRNA level in
collected cells were detected by qRT-CPR. BEAS2B cell lines were cultured in vitro. In order
to up-regulate miR-221 and SIRT1, miR-221 mimic and pcDNA3.1-SIRT1 vector was trans-
fected into BEAS2B cells, respectively. The expression changes of miR-221 and SIRT1 after
transfection was observed by qRT-PCR and Western blot. The target relationship between
miR-221 and SIRT1 was confirmed using dual-luciferase reporter assay.The cell viability
changes after transfection was measured using cellTiter-blue reagent. The apoptosis rate
was detected by flow cytometry. Result: Compared with healthy controls, miR-221 expres-
sion significantly increased in bronchial epithelial cells from patients subjects. In contrast,
the level of SIRTT mRNA reduced in the bronchial epithelial cell from asthma patients. In
vitro, up-regulation of miR-221 could inhibit the expression of SIRT1 both at mRNA and pro-
tein level in BEAS2B cells. A negative correlation between miR-221 and SIRT1 mRNA in sam-
ples from patients was confirmed and dual-luciferase reporter assay showed that miR-221
directly binds to the 3'UTR of SIRTT mRNA. Overexpression of miR-221 or SIRT1 knockdown
could inhibit proliferation but induce apoptosis in BEAS2B cells. Moreover, up-regulation of
SIRT1 could antagonize miR-221’s inhibitory effect. Conclusion: miR-221 may participate in
the airway epithelial cells injury in asthma via targeting SIRT1.
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Backgroud

Asthma is chronic, inflammatory condition of the
lower always characterized by reversible airflow
obstruction, airway hyper-responsiveness (AHR)
and remodeling of airway tissues." Increasing
experimental evidence suggests that airway epithe-
lium plays a pivotal role in asthma pathogenesis.”
Airway epithelial cells recognized as the first line
of defense against exposure of airway tissue to an
inflammatory reaction. Airway epithelial cells
injury is one of the characteristics of asthma,

significantly ~ associated with ~AHR, mucus
overproduction, allergic cascade and airway
inflammation.>*  Previous vivo and  vitro

experiments have identified that inflammatory
cytokines and reactive oxygen species induced by
oxidative stress are essential inducers of airway
epithelial cells damage.” For instance, Gurpreet et
al, showed that, IL-9 and IL-13, which are Th2
cells related cytokines, lead to dysregulation of
airway epithelial cell death and epithelial repair in
asthma. Given that airway epithelial cells injury
immensely contributes to asthma pathophysiology,
maintaining airway epithelial cell survival and
function may be an effective therapeutic strategy
for asthma.® However, the details of the molecular
mechanism of airway epithelial cell injury in
asthma are still under active research.
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microRNAs are approximately 22nt short
endogenous non-coding RNAs that regulate post-
transcriptional gene expression. By binding to the
3’ untranslated region (3’-UTR) of target genes,
microRNAs could induce the mRNA degradation
or translation inhibition of their target genes.” An
astonishing number of connections between
microRNAs and diseases have been extensively
investigated due to their crucial role in biological
processes including cell proliferation and apop-
tosis. microRNAs also have been implicated in the
development of asthma; microRNAs not only pro-
vide novel biomarkers but also therapeutic strat-
egies in asthma.®® Recently, studies highlighted
that microRNA-221 (miR-221) regulates the patho-
genesis of asthma. Liu et al showed that miR-221
up-regulated in pediatric asthma.'® Qin suggested
that inhibition of miR-221 suppressed the airway
inflammation in asthma.'' But whether or not
miR-221 mediated the airway epithelial cells injury
in asthma have not been thoroughly investigated.

SIRT1, also known as NAD-dependent deace-
tylase sirtuin-1, is an enzyme that deacetylates
proteins that contribute to cellular regulation.
SIRT1 play a role in cell growth, cell differenti-
ation, cell aging, energy metabolism, and anti-
inflammation.'”>  Most  importantly,  studies
showed that SIRT1 is associated with cell survival
and often down-regulated in cell injury. For
example, Bean et al. found a SIRT1 pathway dys-
regulation in smoke-exposure airway epithelial
cells. Induction of activity of SIRT1 could protect
airway epithelial cells from injury."””> Wang et al.,
propose that decreasing SIRT1 levels in lung tis-
sue represent a new biological characteristic of
asthma. Bioinformatical data indicated that miR-
221 may target on SIRT1." Based on this evi-
dence, we provided a hypothesis that miR-221
may be involved with the injury of airway epithe-
lial cells in asthma via targeting SIRT1.

Materials and method
Kit and reagent

Lipofectamine® RNAimax and Lipofectamine®
2000 reagent was purchased from Thermo Fisher
Scientific (USA). microRNA-221 mimics and
siRNA-SIRT1 were purchased from Shanghai

genepharma (China). Trizol reagent and SYBR
Green qPCR Master Mix kit were purchased
from Thermo Fisher Scientific (USA). miScript II
RT Kit and miScript SYBR® Green PCR Kit were
purchased from Qiagen (USA). All primers
design and were purchased from Shanghai gene-
pharma. SIRT1, GAPDH antibodies and HRP
labeled Anti-mouse 1gG antibodies purchased
from Santa Cruz Biotechnology (USA). CellTiter-
Blue® Cell Viability Assay KIT and Luciferase
Assay System were purchased from Promega
(USA). Annexin-PI apoptosis analysis kit was
purchased from Beyotime Biotechnology (China).

Bronchial epithelial cells collection

Bronchial epithelial cells from asthma patients
(15 males and 10 females, average 51 years old)
were obtained by bronchoscopic brushing. All
asthma patients were diagnosed as severe asthma
according to the define from Global Initiative for
Asthma 2016 (GINA2016) and undergone
inhaled corticosteroid treatment. Asthma severity
was evaluated by a respiratory physician based on
a combination of symptoms, lung function, and
amount of medication. The exclusion criteria for
asthma patients were: a history of cigarette smok-
ing, pregnancy, acute or chronic upper respira-
tory tract infection and other condition which
were not unsuitable for enrollment in the present
study. As a control, bronchial cells were collected
from healthy volunteers using the same tech-
nique. Healthy volunteers must have no history
of asthma/allergic rhinitis and selected with the
above-mentioned exclusion criteria. All subjects’
demographic characteristics was shown in Table 1.
This collection protocol was approved by the
Ethics Committee of the people’s Hospital of Gansu
Province and all patients and volunteer provided
their informed consents.

Table 1. Demographic characteristics of the Healthy and asth-
matic subjects.

Healthy control Patients with asthma

Sex (Male/Female) 10/12 15/10
Average Age 536 517

FEV; (%) 97.8+85 55.6+6.8
FEV,/FVC ration (%) 79.2+8.6 63.2+7.6
Median ICS dose (ug/d) N/A 2100 (1500 ~ 3500)




Cell culture and transfection

Bronchial epithelial cells collected from patients
and volunteers were seeded into 1% collagen
coated dishes and cultured in LHC-9 media. For
in vitro experiments, BEAS2B cells were pur-
chased from American Type Culture Collection
(ATCC) and cultured in keratinocyte media sup-
plemented with human recombinant epithelial
growth factor (EGF) and bovine pituitary extracts
(BPE). All cells were maintained at 37°C 5%CO,
in a humidified incubator.

For up-regulating miR-221 and SIRT1 knock-
down, miR-221 mimic and SIRT1 siRNA was
transfected  into =~ BEAS2B  cells  using
Lipofectamine® RNAimax kit, respecially. A vali-
dated random sequence (no identifiable effects on
known miRNA function) was also transfected as
a transfection negative control (transfection-NG).
For overexpression SIRT1, pcDNA3.1-SIRT1
eukaryotic expressing plasmid was transfected
into BEAS2B cells using Lipofectamine® 2000
reagent. Empty pcDNA3.1 vector was used as
negative control.

Real-Time quantitative PCR (qQRT-PCR)

Total RNA samples were extracted from cells
using Trizol reagent. For detection of miR-221,
RNA was reverse-transcribed using miScript II
RT Kit then obtained cDNA was amplified and
quantified using miScript SYBR® Green PCR Kit.
RNU 48 was detected as the endogenous control
for data normalization. For SIRT1 mRNA quanti-
tying, cDNA  was  synthesized  using
PrimeScript™ RT Master Mix and detected by
SYBR Green qPCR Master Mix kit. GAPDH was
used as reference gene. After the reactions, the
relative levels of target genes were calculated by
20(-delta delta CT) method.

Western blot

Total protein samples were isolated from cells
using RIPA reagent containing protease inhibitor
cocktail. protein samples were quantified using
BSA assay and heat up with loading buffer at
100°C for 10 min. 50 ug proteins were separated
through in a 12% SDS-PAGE gel at 100 V for
1.5h and then transferred to nitrocellulose
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membranes. After blocked by 5% milk, mem-
branes were incubated with mouse anti-SIRT1
antibodies or mouse anti-GAPDH (as reference)
and followed with HRP labeled Anti-mouse 1gG
antibodies incubation. Protein bands were
detected by ECL chemiluminescence Kit.

Cell viability assay

Transfected BEAS2B cells were planted into 96-
well plate at the density of 3000 cells/well. Cell
viability was measured by CellTiter-Blue® Cell
Viability Assay KIT at 24h, 48h, 72h, and 96h
after cultured. The viability relative to 24h
was calculated by the formula: 24 h relative cell
viability = cell viability [another time point]/cell
viability [24 h].

Apoptosis assay

Transfected BEAS2B cells were cultured 78 and
collected. After washing with PBS, cells stained
with Annexin V-FITC and propidium iodide (PI)
for 30min in dark room. Flow cytometer was
used to detect the apoptosis rate of cells. The
data were analyzed by Flow Jo software

Dual-Luciferase reporter assay

Luciferase Assay System was used to confirm the
target relationship between miR-221 and SIRT1
mRNA. Briefly, wildtype 3’-UTR sequence of
SIRT1 containing miR-221 binding site and
mutant 3°-UTR sequence of SIRT1 was inserted
into PsiCHECK2 luciferase reporter vectors
(PsiCHECK2 -SIRT1 3’-UTR-Wt and PsiCHECK2-
SIRT13’-UTR-Mut). These PsiCHECK2 vectors
were co-transfected with miR-221 mimic or
mimic negative control into BEAS2B cells,
respectively. The cells were harvested and relative
luciferase activity (activity firefly/activity renilla)
was detected.

Statistical analysis

The data statistical analysis was processed with R
Statistical Software (3.4.1). Data were expressed
as Mean * standard deviation (X = SD). The stat-
istical significance between two groups was
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analyzed by t-test. The statistical significance
among more than two groups was accessed by
one-way analysis of variance followed by LSD-t-
test. A P <0.05 probability level was considered
to be statistically significant.

Results

miR-221 and SIRT1 expression changes in
bronchial epithelial cells from asthma patients

miR-221 and SIRT1 expression in bronchial epi-
thelial cells collected from bronchial epithelial
brushings from asthma patients and healthy con-
trols were examined using qQRT-PCR. The level of
miR-221 and SIRT1 mRNA were altered in sam-
ples from patient subjects. As shown in Figure
1A, the miR-221 was confirmed to be signifi-
cantly up-regulated in bronchial epithelial cells
from patients. In the other hand, the mRNA
level of SIRT1 was statistical significantly down-
regulated in patients with asthma compared to
healthy controls (Figure 1B). Correlation analysis
showed a significant negative correlation
(r=0.68, P<0.05) between miR-221 and SIRT1
mRNA among the samples from patients (Figure
1C). This evidence indicated a possible trend
towards higher miR-221 level with lower SIRT1
mRNA level in bronchial epithelial cells under
asthmatic condition.

miR-221 directly regulates the expression of SIRT1
in BEAS2B cells

To confirm the whether miR-221 could regulate
the expression of SIRT1 in bronchial epithelial
cells we conducted in vitro experiments. The

BEAS2B cells were transfected with miR-221
mimics in order to up-regulate miR-221 (Figure
2A). As shown in Figure 2B and C, overexpres-
sion miR-221 could reduce the mRNA level and
protein level of SIRT1 in BEAS2B. In dual-luci-
ferase reporter assay, a lower luciferase activity
was only observed in cells co-transfected with
miR-221 mimics and 3’-UTR-Wt reporter plas-
mid (Figure 2D). These results indicated that
miR-221 directly target on SIRT1 in BEAS2B cells
by binding SIRT1’s 3’'UTR.

miR-221 may modulate the proliferation and
apoptosis of BEAS2B cells by targeting SIRT1

To access the role of miR-221 overexpression in
the bronchial epithelial cells, the proliferation and
apoptosis of miR-221 mimic transfected BEAS2B
cells were measured. As shown in Figure 3, up-
regulation of miR-221 and SIRT1 knockdown sig-
nificantly inhibited the cell proliferation but
induced apoptosis. To reveal the potential mecha-
nisms by which miR-221 has an inhibitory effect
on BEAS2B cells, a functional rescue experiment
was designed. We synchronized SIRT1 up-
regulating with miR-221 mimic transfection.
Over-expression of SIRT1 partly rescued the
inhibition of proliferation caused by miR-221 and
also reduced apoptosis (Figure 3). In our prelim-
inary experiment, we did not observe any effect
of only up-regulating SIRT1 or miR-221 inhibi-
ton on cells’ proliferation and apoptosis (data not
shown). These data suggested that miR-221 may
have an inhibitory effect on BEAS2B cells via tar-
geting SIRT1.
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Discussion

Dysregulated expression of microRNAs have
been well documented in asthma and a large
amount microRNAs are proved that be associated
with asthma’s pathogenesis and clinical pheno-
types such as airway inflammation, airway
remodeling and airway hyper-responsiveness with
the complicated mechanism.">'® In brief, numer-
ous studies have demonstrated that microRNA
impact immune responses in asthma. Feng et al.
reported miR-181a, miR-146a and miR-146b
played proinflammatory roles in an ovalbumin
(OVA)-induced murine model of asthma by
moderate the CD4" T lymphocytes.'” In our pre-
vious study and we found miR-145 could regulate
the balance of Th1/Th2 through targeting the
RUNX3 in asthma patients.'® Increasing evidence
shows that microRNAs also have a vital effect on
cells which compose airways such as airway
smooth muscle cells and airway epithelial cells.
For instance, Liu et al. addressed that elevating
miR-221 significantly promote the proliferation
and migration of human airway smooth muscle
cell in asthma.'” Altered microRNA expression
profile in airway epithelial cells during asthma
was reported by Solberg et al. They supported
that dramatic changes of microRNAs are a com-
mon feature of airway epithelial cells from a
patient with asthma.>® The level changes of miR-
221 have been investigated by the previous study,
much of these studies showed an up-regulated
miR-221 in patients with asthma and regarded it
as a disadvantageous factor for patients.”’ miR-
221 blockade suppressed airway inflammation in
the OVA-induced murine asthma model."!
Another study showed that miR-221 induced the
hyper-proliferation of airway smooth muscle cells
and regulated the release of IL-6 from patients
with severe asthma. It indicated that blocking the
expression of miR-221 may exert beneficial effects
in severe asthma.””> However, whether miR-221
participates in the pathogenesis of airway epithe-
lial cells in human asthma is still unclear. We
undertook the present study to investigate the
relevant role of miR-221. In the bronchoscopic
brushing samples from asthmatic patients, we
observed a higher level of miR-221, compared
with healthy control. This result was consistent

with previous study and our hypothesis. In the
vitro, we found overexpression of miR-221 could
inhibit the proliferation of bronchial epithelial
cells while promoting the apoptosis. It indicated
that miR-221 may induce airway epithelial cells
injury. In eukaryotic cells, most of microRNAs
have effect by induce mRNA degradation and/or
inhibit mRNA translation, hence we consider that
miR-221 has an above-mentioned effect via target-
ing certain mRNAs. We conducted a bioinformatics
prediction and obtained a list of candidate mRNAs.
Among them, we selected SIRT1 as an interest-
ing gene.

SIRT1 is putative cytoprotection molecules that
have been verified to be significantly dysregulated
in a variety of epithelial cells injury induced by
inflammatory responses or other pathological
stress conditions like oxidative stress.”> Although
a consensus has been reached in the protective
effect of SIRT1, the expression or activity changes
of SIRT1 in injured cells is still a controversial
issue. Some of the evidence showed that damage
factors could reduce the expression of SIRT1 in
epithelial cells and insufficient SIRT1 may pro-
mote cell death. For example, Baker et al. stated
a reduction of SIRT1 in bronchial epithelial cells
(BEAS2B cells) exposure to H,0,** Wang et al.
indicated that high glucose stress could induce
down-regulation of SIRT1 in corneal epithelial
cells and overexpressions of SIRT1 promote the
injury repairing ability of cells.** In contrast,
some other studies indicated that in order to
maintain cells survival or inhibit apoptotic cells
death, the SIRT1 expression or activity could
compensatorily increase in cells under injury con-
dition. For instance, Yao et al. reported that
SIRT1 level significantly increased in H,0,
treated human lens epithelial cellsand attenuated
oxidative stress-induced apoptosis.”® on the other
hand, some researchers suggest that the expres-
sion or activity changes of SIRT1 are dynamic
and depend on the intensity and duration of the
damage factors. Ding’s group found that in
mouse type II alveolar epithelial cells SIRT1
expression was significantly elevated and peaked
at 12h after paraquat treatment but gradually
decreased.”” In agreement with the view that air-
ways epithelial cells also suffer from the injury
induced by inflammatory responses and oxidative



stress in asthma, we considered the expression
changes in airways epithelial cells collected from
patients with asthma. In the cells from broncho-
scopic brushing samples, we detected a decreased
SIRT1 mRNA level in patients group. As men-
tioned above, we suspect that SIRT1 was a target
gene of miR-221, hence this reduction of SIRT1
was our expected result. Moreover, this result
indicated that SIRT1 may play a role in the air-
ways epithelial cells injury in the pathologic pro-
cess of asthma. To confirm the target relationship
between SIRT1 and miR-221 we up-regulated the
miR-221 level in BEAS2B cells in vitro. We found
that SIRT1 mRNA and protein level were both
decreased by miR-221 overexpression. Moreover,
dual-luciferase reporter assay showed that miR-
221 could directly target on the 3'UTR SIRT1
mRNA. These data indicated that in BEAS2B
cells miR-226 could target on SIRT1. Knock-
down SIRT1 inhbited proliferation and resulted
in apoptosis. Most importantly, in the rescue
experiments, we induce SIRTloverexpression by
pcDNA3.1-SIRT1 vectors in miR-226 mimic trans-
fected cells, compared with only miR-221 mimic
transfection, cells transfected with miR-221
mimic + pcDNA3.1-SIRT1 has higher cell viability
but lower apoptosis. It suggests that up-regulation
of SIRTI could attenuate the inhibitory effect of
miR-221 on BEAS2B cells.

In summary, evidence from the present study
supported that the miR-221 participate the airway
epithelial cells injury in asthma via targeting
SIRTI1. The limitation of the present study is we
did not explain why miR-221 increased in
asthma. Currently, available therapies for allergic
asthma are usually effective, but not enough for
treating severe asthma. microRNA-based thera-
peutics may be a useful strategy for improving
the curative effect of severe asthma. Considering
the essential role of airway epithelial cells in
asthma pathogenesis, we believe miR-221 may be
a potential therapeutic target in asthma.
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