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Abstract. - OBJECTIVE: To investigate the
effects of micro ribonucleic acid (miR)-21 on
pulmonary hypertension (PH) in rats via regu-
lating tumor growth factor-g1 (TGF-B1)/moth-
ers against decapentaplegic homolog 2 (Smad?2)
signaling pathway and the possible underlying
mechanism.

MATERIALS AND METHODS: MiR-21 inhi-
bition vector (pLKO-anti-miR-21) was first con-
structed. The rat model of PH was established
by hypoxia feeding induction. A total of three
groups were established, including: blank con-
trol group, model group and miR-21 low-expres-
sion group were set up, with 12 rats in each
group. The expression level of miR-21 ig
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Introduction

Pulmonary hypertension (PH) is a common
cardiovascular disease, which seriously threat-
ens human life and health. Research evidence has
shown that the average survival time of PH patients
is only 1.9 years after the occurrence of significant
clinical symptoms'. The main pathological fea-
ture of PH is the abnormal increase in pulmonary
vascular resistance. This may lead to continuous
proliferation of pulmonary arteries and recon-
struction of pulmonary vessels, eventually causing
right heart failure and even death?. At present, the
pathogenesis of PH remains unclear. Various fac-
tors can lead to increased blood flow and resistance
of pulmonary circulation, thus inducing the occur-
rence of multiple diseases. Therefore, most current
treatment methods cannot effectively improve the
pathological state of patients with PH. Further-
more, this may lead to poor prognosis of patients*.
Therefore, the key to effective treatment of PH is to
find new targets and discoveries through in-depth
analysis of the molecular mechanism of PH.
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Role of MiR-21 in pulmonary hypertension

A large number of studies™® have found that
micro ribonucleic acids (miRNAs) participate
in the physiological and pathological processes
of various diseases, such as cell differentiation,
proliferation and apoptosis. MiR-21 involves in
vascular tension and relaxation, reduces the apop-
tosis of vascular cells, and participates in vascular
remodeling through multiple signaling pathways’.
At the same time, over-expression of miR-21 in-
hibits the apoptosis of myocardial cells. Pariskh
et al® have found that the expression level of miR-
21 in myocardial cells of rats with myocardial
ischemia is significantly increased. Meanwhile,
over-expression of miR-21 can notably reduce the
apoptosis of myocardial cells. Research evidence
has suggested that the tumor growth factor-fl
(TGF-Bl)/mothers against decapentaplegic homo-
log 2 (Smad?) signaling pathway is involved in the
process of pulmonary vascular remodeling. Bai et
al’ have indicated that activation of the TGF-B1/
Smad?2 signaling pathway promotes fibrosis after
myocardial injury, in which TGF-I plays a vital
role. However, few studies have investigated the
regulatory effect of miR-21 on TGF-f1/Smad2 as
well as its role in pulmonary hypertension.
study, a rat model of PH was established
poxia feeding induction. Moreover, we eva
the effect of miR-21 on PH in rats and furthd
plored the regulatory effect of miR-21 on TG
Smad? signaling pathway.
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2)%. According to the circadian rhythm,
all animals had free access to food and water.

After one week’s adaptation to the environment,
SD rats were randomly divided into blank con-
trol group, model group and miR-21 lo
sion group. 12 rats were included 1
after ensuring the success of mode
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group were raised in norm i
those in model group a

3 weeks, the success of es-
odel was evaluated (hypoxia

in Rats

The rats were first anesthetized by intraperito-
neal injection of 5% chloral hydrate. Then the rats
were fixed on the experimental operating table.
RVSP of rats in each group was measured using a
right cardiac catheter and recorded. After the rats
were killed, heart samples were separated, and the
right ventricle free wall (RV) and left ventricle +
ventricular septum (LV+S) were removed. Final-
ly, the RVHI was calculated after weighing based
on the following formula: RVHI=RV/(LV+S).

Pathological Changes
in Lung Tissues of Rats

Hematoxylin and eosin (H&E) staining
(Boster, Wuhan, China) was used to detect the
pathological changes of lung tissues in rats of each
group. After killed, lung tissues of rats in each
group were separated and rinsed with pre-cooled
phosphate-buffered saline (PBS) to remove blood
stains. After fixing with paraformaldehyde, the
lung tissues were dehydrated with different con-
centrations of ethanol, followed by transparency
with xylene. Then the lung tissues were embed-
ded with paraffin and sliced into 5 um-thick sec-
tions. After dewaxing, the sections were hydrated



F. Ding, T. You, X.-D. Hou, K. Yi, X.-G. Liu, P. Zhang, X.-K. Wang

with 95%, 90%, 80%, 75% and 50% ethanol, re-
spectively. Subsequently, they were stained with
hematoxylin and eosin, respectively. After stain-
ing, the sections were dehydrated with different
concentrations of ethanol, followed by trans-
parency with xylene and mounting with neutral
resin. Finally, the morphological changes in lung
tissues of rats in each group were observed under
the bright field of microscope.

Detection of Apoptosis via Terminal
Deoxynucleotidyl Transferase dUTP
Nick End Labeling (TUNEL) Assay

Lung tissue sections of rats in each group were
dewaxed into water, treated with prepared 3%
hydrogen peroxide for 10 min and washed with
PBS for 3 times. After that, proteinase K solution
was added to the sections, followed by digestion
at 37°C in a wet box for 10 min. Then, the sec-
tions were washed with PBS for 3 times. Subse-
quently, 40 uL. mixed solution of TdT and DIG-
d-UTP was added. The sections were labeled in
a wet box at 4°C for 2 h and washed with PBS
for 3 times. Next, the sections were incubated
with 40 pL sealing solution at room tempeg
for 30 min. The antibody was added for #
tion in a wet box at 37°C for 40 min, follow
washing with PBS for 3 times. The sections
incubated with strept avidin-biotin complex-
orescein isothiocyanate (SABC g

37°C in a wet box for 40
quenchlng sealing liquid

were TUNEL-
cells. TUNE

ratio of 100 mg: 1 mL after weighing. After that,
lung tissues were homogenized on an icebox un-
til no tissue fragments were visible to
After standing for 5 min, 200 ey’
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12000 rpm for 10 min. Subseq
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was used as the internal reference. The relative
expression level of miR-21 in lung tissues of rats
in each group was calculated by the 244 method.

Western Blotting

After rats in each group were euthanized, lung
tissues were separated and added with radio-im-
munoprecipitation assay (RIPA) lysate (Beyo-
time Biotechnology Co., Ltd., Shanghai, China)
at a ratio of 100 mg: 1 mL after weighing. After
adding 1% protease inhibitor and 1% phosphatase
inhibitor, they were homogenized on an ice box
by ultrasonic homogenizer. The concentration
of extracted total protein in lung tissues of rats
in each group was detected by the bicinchoninic
acid (BCA) Protein Determination Kit (R&D Sys-
tems, Minneapolis, MN, USA). A sample loading

Sequence

Forward primer: 5-CCGGTCAAGAGAGAGAGAGAGATA-3’
Reverse primer: 5-GGTCTGTACAATCTACGGT-3’

Forward primer: 5-CAGTGCCAGCCTCGTCTCAT-3’
Reverse primer: 5~ AGGGCCATCCACAGTCTTC-3’
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system of equal concentration was prepared and
boiled at 95°C. Subsequently, the proteins were
separated by sodium dodecyl sulphate (SDS) gel
at 80 V and transferred onto membranes at 100 V
using the wet membrane transfer method. Then,
the membranes were blocked with freshly pre-
pared 5% skim milk powder at room temperature
for 2 h. Target bands were cut according to the
molecular weight of target proteins. The mem-
branes were incubated with primary antibodies
of b-cell lymphoma 2 (Bcl-2), Bel-2-associated X
protein (BAX), Bax, Caspase-3, TGF-B1, Smad2,
phosphorylated (p)-Smad2 and GAPDH (anti-
bodies were purchased from CST and diluted at
1:1000, Danvers, MA, USA) at 4°C overnight.
After washing with Tris-buffered saline and
Tween-20 (TBST) for 3 times, the membranes
were incubated with secondary antibody conju-
gated with horseradish peroxidase (HRP) (Shang-
hai Yihyson Biotechnology Co., Ltd. Shanghai,
China) at room temperature for 1 h. After wash-
ing with TBST for 3 times, freshly prepared elec-
trochemiluminescence (ECL) mixture was added
(Thermo Fisher Scientific, Waltham, MA, USA).
The bands were treated with software afterg
development in dark. Ultimately, the exp
level of corresponding proteins in each grotl
calculated.

Statistical Analysis

Statistical Product and
(SPSS) 22.0 software (IB
was used for all statistica,

ng Tissues of Rats
PCR was performed to detect the
bression level of miR-21 in lung tissues of rats
cach group. The results revealed that compared
blank control group, the expression level of
miR¥ in lung tissues of rats in model group was
significantly increased (p<0.01). Meanwhile, miR-

21 expression in miR-21 low-expression group was
significantly reduced after transfection of the miR-
21 inhibition vector (p<0.01) (Figure 1).
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After anesthesia, the RVSP '8
group was measured by a iz

ickened with a large number
ammatory cells and edema,
g in alveoli. Moreover, the
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cantly reduced (Figure 3).

s Level in Lung Tissues
f Rats'in Each Group

TUNEL staining was adopted to detect the
level of apoptosis in lung tissues of rats in each
group. As shown in Figure 4, there were no ob-
vious TUNEL-positive cells in lung tissues of
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Figure 1. Expression level of miR-21 in lung tissues of rats
in each group detected via Real-time qPCR. The expression
level of miR-21 in lung tissues of rats in model group was sig-
nificantly higher than those of blank control group and miR-21
low-expression group. **p<0.01 vs. blank control group and
#p<0.01 vs. model group.
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Figure 2. Detection of the RVSP and RVHI of rats. The RVSP and RVHI of rats in, roup were nota i than those of
blank control group and miR-21 low-expression group. **p<0.01 vs. blank control '»<0.01 vs. mode p.

rats in blank control group and model group. Fur-
thermore, the number of TUNEL-positive cells
in lung tissues of rats in miR-21 low-expression
group was evidently larger than that of model

group (p<0.01).

Expression Level of Apoptotic
Proteins in Lung Tissues of Rats
in Each Group

The expression level of apoptotic protei
lung tissues of rats in each group was dete
via Western blotting. Results d

was carried out to detect the
proteins related to TGF-f1/
thway in lung tissues of rats

1 and p-Smad2 in lung tissues
ts in model group were notably higher than
nk control group (p<0.01). Moreover,
w expression of miR-21 could effectively reduce
the expressions of TGF-B1 and p-Smad?2 (p<0.01).

Discussion

PH is a clinical syndrome characterized by
pulmonary vascular occlusive disease and in-
creased pulmonary circulation pressure induced

miR-21 low-
expression group

Model group

3. Pathological changes in lung tissues of each group of rats detected via H&E staining (magnification: 100x). In
roup, there was a large amount of inflammatory infiltration in lung tissues, edema and fusion appear in the alveoli. The
degree of lung tissue injury in miR-21 low-expression group was obviously reduced.
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Figure 4. Apoptosis level in lung tissues of rats ig detected us NEL staining. There were no significant
TUNEL-positive cells in lung tissues of rats in blank gaadel group. The number of TUNEL-positive cells in lung
tissues of rats in miR-21 low-expression group was evid : gel group (Bar=50 pm). #p<0.01 vs. model group.

Caspase 3

Figure 5. Expression level
of apoptotic proteins in lung
tissues of rats in each group
detected by Western blotting.
i Compared with model group,
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Figure 6. Expression level of proteins related to TGF-
Western blotting. Compared with blank control group, t

by various factors'®. In
apoptotic level of pulmg

y, Sprague-Dawley (SD) rats
1a environment for 21 consec-

ere significantly increased
those of normal rats. This

o also demonstrated that lung tissues in model
gup were much more seriously injured. Sisnie-

g function decline and lung tissue injury.
A large amount of research evidence has shown
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that miR-21 exerts a regulatory effect on many
kinds of cells, such as myocardial cells, vascu-
lar smooth muscle cells and vascular endothelial
cells. Tong et al'> showed that over-expression of
miR-21 was closely related to the proliferation of
myocardial cells and myocardial remodeling. In
this study, the expression level of miR-21 in lung
tissues of rats in each group was further detect-
ed through qPCR. The results manifested that the
expression level of miR-21 in lung tissues of rats
in model group was markedly higher than that of
blank control group. Next, RNA interference was
used to reduce the expression level of miR-21 in
lung tissue of rats in model group. Subsequent re-
sults indicated that the RVSP and RVHI of rats in
miR-21 low-expression group were significantly
reduced. Meanwhile, lung tissue injury was also
evidently reduced. These results highly suggest
that miR-21 is involved in the regulation of PH
which is an important factor affecting PH.

Shi et al'®have found that increased expression
level of miR-21 in myocardial cells of rats signifi-
cantly reduces the level of apoptosis. In this study,
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TUNEL staining was conducted to detect the lev-
el of apoptosis in lung tissues of PH model rats. It
was observed that the level of apoptosis in lung
tissues of rats in miR-21 low-expression group
was notably higher than those of model group and
blank control group. In addition, Western blot-
ting also demonstrated that the expression levels
of apoptosis-related proteins, Caspase 3 and Bcl-
2/Bax in lung tissues of miR-21 low-expression
group were significantly reduced. Xu et al'”” have
also demonstrated that miR-21 plays an anti-apop-
totic role by mediating toll-like receptor (TLR)
signaling pathway, regulating TLR4 and inhib-
iting the expression of programmed death factor
4. This can eventually activate NF-xB. Moreover,
Iliopoulos et al' have also indicated that miR-21
plays an anti-apoptotic role by mediating immune
and inflammatory responses.

TGF-B1, as a multifunctional cell activity
regulator, plays a regulatory role in the differ-
entiation, proliferation and apoptosis of smooth
muscle cells and vascular fibroblasts. After
TGF-Pl1 is activated and binds to the receptor,
it can further activate the phosphorylatlon of
its downstream protem Smad2. Mean

tein and transfer to the nucleus, thereby p
a vital role”. Liao et al?° identiﬁed that the

muscle cells. This leads to Z
resistance and induces vag

rats in model group
Suppressing the
tissues could a

that miR-21 regulates the symp-
s of PH in rats by activating TGF-B1/Smad2
aling pathway. MiR-21 can be used as an in-
for the efficacy of patients with PH, which
can M50 be applied to evaluate the efficacy and
prognosis of patients.
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