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Abstract: Irreversible pulmonary hypertension (PH) mainly results from vascular remodeling, in which the aberrant 
growth of pulmonary arterial smooth muscle cells (PASMCs) plays a significant role. Our previous work suggested 
that KLF5 and HIF1α are closely associated with the pathogenesis of hypoxic PH as they intervene in the growth 
of PASMCs. MicroRNAs (miRNAs) have been demonstrated to be involved in the control of cell proliferation and 
apoptosis. In the present study, we detected the expression of six miRNAs connected with KLF5 in hypoxia-exposed 
rat PH models and PASMCs and then further investigated the role of miR-320-3p in the abnormal proliferation of 
hypoxic PASMCs and in the progression and treatment outcomes of hypoxia-induced PH. The results indicated that 
miR-320-3p was downregulated in hypoxia-exposed rat PH models, hypoxia-induced PASMCs and chronic thrombo-
embolic pulmonary hypertension (CTEPH) patients. Moreover, miR-320-3p directly regulated the expression of KLF5 
and HIF1α. miR-320-3p mimics inhibited proliferation and migration and promoted apoptosis in hypoxic PASMCs. 
KLF5 and HIF1α reversed the above effects of miR-320-3p. In conclusion, miR-320-3p plays a certain role in the 
progression of hypoxic PH via KLF5 and HIF1α and might be a potent therapeutic tool for PH.
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Introduction

Pulmonary hypertension (PH) is a chronic, pro-
gressive and life-threatening disease charac-
terized by vasoconstriction and pulmonary-
selective vascular remodeling. PH has been 
divided into five groups in the clinic, and hypox-
ia-induced PH is classified as part of the third 
group, “PH due to lung disease” [1, 2]. Vascular 
remodeling underlying irreversible PH occurs in 
all three layers of distal pulmonary arteries, in 
which cells within the vessel wall present a pro-
proliferative and antiapoptotic phenotype 
under hypoxic conditions. The aberrant biologi-
cal behavior of pulmonary arterial smooth mus-
cle cells (PASMCs) plays a crucial role. 
Previously approved therapies targeting vaso-
constriction have had poor curative efficacy. 
Although some specific therapeutic methods 
targeting vascular remodeling, including molec-
ular targeted therapeutics and natural prod-

ucts, have been explored in some studies, the 
current options for therapies to reverse vascu-
lar remodeling are limited [1, 3, 4]. Therefore, 
developing a more effective and selective ther-
apeutic strategy targeting smooth muscle 
remodeling for PH is a promising research 
direction.

Many molecular mechanisms have been 
authenticated in vascular remodeling [4]. 
Kruppel-like factor 5 (KLF5), a zinc-finger tran-
scription factor that is upregulated in PH, pro-
motes PASMC proliferation and apoptosis resis-
tance, and the induction of hypoxia relies on 
STAT3 activation. Moreover, small interfering 
RNA targeting KLF5 inhibited hypoxia-induced 
vascular remodeling and significantly decreased 
mean pulmonary arterial pressure (mPAP), RV/
(LV+S) and pulmonary vascular resistance (PVR) 
in a rat PH model [5]. Our previous study 
revealed that KLF5 exerts biological effects on 
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hypoxic PASMCs by upregulating and directly 
interacting with Hypoxia-inducible factor 1 sub-
unit alpha (HIF1α) [6]. As a transcription factor, 
KLF5 can also regulate genes related to the cell 
cycle, angiogenesis, apoptosis and migration, 
such as cyclin D1, VEGFα, Survivin, and MMP9 
[7-10]. KLF5 can also mediate WNT signaling, 
RAS signaling, NOTCH signaling, JNK signaling, 
and TGFβ signaling [11-15]. HIF1α upregulation 
under oxidative stress plays a significant role in 
the proliferation of PASMCs by targeting VEGFα 
rather than HIF2α [16].

MicroRNAs (miRNAs), which are 21-23 nucleo-
tides in length, repress gene expression at the 
transcription level by targeting the 3’ untrans-
lated region (3’UTR) of the genes. It is generally 
believed that at least 1/3 of human genes can 
be regulated by miRNA [17], and miRNA plays a 
pivotal role in cellular activities such as cell pro-
liferation, migration, and apoptosis. miR-15a 
and miR-16-1 prolong the G0/G1 phases of the 
cell cycle and shorten the S phase to inhibit the 
cell growth of gastric adenocarcinoma by tar-
geting YAP1 [18]. Ectopic expression of miR-
224 promotes the proliferation, migration, and 
invasion of non-small-cell lung cancer cells 
[19]. miR-449a promotes apoptosis and inhib-
its the migration of liver cancer cells by target-
ing SOX4 [20]. Recent studies have demon-
strated that miRNAs are related to the develop-
ment and treatment response of PH [21, 22]. 
To determine the conserved homologous miR-
NAs in humans and rats, we used bioinformat-
ics software (TargetScan, miRwalk, miRanda) 
to identify miRNAs with seed regions that have 
direct binding sites for the 3’UTR of KLF5. Thus, 
miR-9a-5p, miR-145-5p, miR-153-3p, miR-320-
3p, miR-375-3p and miR-495 were further 
explored. The expression profile, function, and 
potential therapeutic value of these miRNAs in 
pulmonary arterial hypertension (PAH) progres-
sion are still unclear.

This study revealed the expression profile of 
miR-320-3p in hypoxia-induced PASMCs and 
chronic thromboembolic pulmonary hyperten-
sion (CTEPH) patients (data from GSE56914). 
Further, this study showed that miR-320-3p 
attenuates proliferation and migration and 
enhances apoptosis in hypoxia-induced PA- 
SMCs via KLF5 and HIF1α. Thus, the present 
study provides a new therapy for PAH.

Materials and methods

Ethics statement

The rat experiments were approved by the 
Committee of Huazhong University of Science 
and Technology and Tongji Hospital and fol-
lowed NIH guidelines (Guide for the Care and 
Use of Laboratory Animals).

Animal experiments and hemodynamic mea-
surements

The rats (Sprague-Dawley, male, 6 weeks old) 
were randomly divided into normoxia and 
hypoxia groups (n=6 per group). Rats in the 
hypoxia group were put into a hypobaric cham-
ber (10% O2 and 90% N2) for 8 h every day for 4 
weeks, while rats in the normoxia group inhab-
ited a normoxic environment (21% O2).

After hypoxic treatment for 4 weeks, the rats 
were anesthetized to measure right ventricular 
systolic pressure (RVSP) by inserting a polyvinyl 
catheter into the right ventricle. The signals 
were continuously recorded by Power Lab (AD 
Instruments, Australia).

Cell culture and experiments

PASMCs isolated from four-week-old male SD 
rats were cultured according to our previous 
study method [23]. PASMCs were cultured in 
Dulbecco’s modified Eagle’s medium:F-12 
(DMEM/F12) (Promotor, China) containing 10% 
certified FBS (BI, Israel). The cells were cultured 
at 37°C in a CO2 incubator with 21% O2, 5%  
CO2, and 74% N2 or in a three-gas incubator 
with 5% O2, 5% CO2, and 90% N2. The cells were 
transfected with mimics/control mimics at 50 
nM or inhibitor/control inhibitor at 100 nM with 
Lipofectamine 3000 reagents (Invitrogen, 
USA). The miR-320-3p reagents were all pur-
chased from RiboBio (Guangzhou, China). The 
KLF5 and HIF1α overexpression plasmids (with 
pcDNA3.1 as the vector backbone) were pur-
chased from GeneChem Biotech (Shanghai, 
China).

Quantitative real-time PCR

Total RNA from pulmonary artery samples or 
PASMCs was extracted by using TRIzol reagent. 
For miRNA profile detection, the miDETECT A 
Track miRNA qRT-PCR Starter Kit and Bulge-
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Loop miRNA qRT-PCR Start Kit (RiboBio, 
Guangzhou, China) were used for specific 
reverse transcription and amplification. Specific 
reverse transcription primers for miRNAs (rno-
miR-9a-5p, miR-145-5p, miR-153-3p, miR-320-
3p, miR-375-3p, miR-495) and U6 RNA were 
obtained from RiboBio (Guangzhou, China). 
mRNA expression was quantified using a TB 
Green kit (Takara) on a CF-Connect system 
(Bio-Rad, USA). U6 and actin were used as 
internal controls.

Western blotting

PASMCs were lysed using ice-cold RIPA lysis 
buffer (Bioyear, Wuhan, China). A bicinchoninic 
acid (BCA) kit (Bioyear) was used to measure 
the concentrations of proteins following the 
manufacturer’s protocol. Proteins were electro-
phoresed by SDS-PAGE, transferred to PVDF 
membranes and incubated with different anti-
bodies against KLF5, HIF1α, PCNA, survivin, 
MMP9, BAX, Bcl2, cleaved caspase-3, and 
actin. The protein bands were detected by an 
enhanced chemiluminescence detection sys-
tem (Bio-Rad, Hercules, USA).

Luciferase reporter assay

For the wild-type reporter vector, fragments of 
the wild-type 3’UTRs of KLF5 and HIF1α were 
designed to contain the putative miR-320-3p 
binding site. In contrast, the mutant reporter 
vector was designed to retain point mutations 
in the seed regions of the miR-320-3p binding 
sites. The wild-type and mutant vectors were 
cloned into the GV272 vector expressing firefly 
luciferase protein by GeneChem Biotech 
(Shanghai, China). PASMCs were cotransfected 
with GV272-KLF5/HIF1α-WT or GV272-KLF5/
HIF1-Mut, miR-320-3p or control mimics, and 
then the relative luciferase activities were 
quantified by the Dual-Luciferase Reporter 
Assay System (Promega, USA) after 48 h of 
transfection.

Cell counting kit-8 assay

The viability of PASMCs exposed to hypoxic con-
ditions for 24 h was detected by the Cell 
Counting Kit-8 (CCK-8) assay. After incubating 
the cells with 10 μl CCK-8 reagent for 2 h, the 
absorbance of treated PASMCs in 96-well 
plates was measured at 450 nm.

EdU proliferation assay

The proliferation of PASMCs after hypoxic treat-
ment for 24 h was determined by an EdU prolif-
eration assay kit (RiboBio). The EdU activity was 
determined using inverted fluorescence micros-
copy (Nikon, Japan).

Cell migration assay

The migration of treated PASMCs was detected 
with a Transwell migration assay kit (Corning). 
The treated PASMCs were replanted into 
24-well upper Transwell chambers containing 
DMEM/F12 with 5% FBS, while the lower cham-
ber was filled with 15% FBS. After hypoxic expo-
sure for 8 h, the migrated cells were fixed with 
4% paraformaldehyde and stained with 1% 
crystal violet for 15 min. Five random fields per 
chamber were observed using a light micro-
scope to count the number of migrated cells.

Annexin V/PI assay

Cell apoptosis was detected using an annexin 
V/propidium iodide (PI) detection kit (RiboBio). 
Briefly, treated PASMCs digested with EDTA-
free trypsin and the supernatant were collected 
into tubes. After centrifugation at 1000 rpm for 
5 min with PBS, the treated PASMCs were incu-
bated with Annexin V/PI reagents for 15 min 
and analyzed by flow cytometry (BD Bioscience, 
USA) within 1 h.

Data and statistical analysis

The data were analyzed using GraphPad Prism 
software. Student’s t-test was performed for 
comparisons between two groups. One-way 
ANOVA was performed for multiple groups. 
Then, Dunnett’s test was used to compare the 
control group with other groups, and the Sidak 
test was used to compare two certain groups. 
However, if the standard deviation (SD) was sig-
nificantly different in multiple groups, Brown-
Forsythe and Welch ANOVA followed by 
Dunnett’s T3 and Tamhane’s T2 tests was per-
formed. Differences with a P value less than 
0.05 were considered statistically significant.

Results

The expression profile of miR-320-3p in 
hypoxia-induced PH rat models and PASMCs 
exposed to hypoxic conditions

After hypoxic treatment for 4 weeks, the expres-
sion levels of the six miRNAs in the pulmonary 
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artery of hypoxia-induced PH rat models were 
determined by qRT-PCR. The data showed that 
the expression of miR-320-3p and miR-153-3p 
was significantly decreased after hypoxic expo-
sure (Figure 1A). The expression of the six miR-
NAs was detected in hypoxia-induced PASMCs, 
and the results showed that both miRNAs were 
downregulated (Figure 1B). The data from a 
Gene Expression Omnibus (GEO) dataset 
(GSE56914) also showed that miR-320-3p 
expression was decreased in a group of CTEPH 
patients at the plasma level (Figure 1C). Among 

the miRNAs, miR-320-3p had the lowest 
expression levels in vivo and vitro (Figure 1A-C). 
Then, qRT-PCR and western blotting were per-
formed to further explore the hypoxia-induced 
dynamic changes in miR-320-3p, KLF5, and 
HIF1α expression at the indicated time points 
(0, 0.5, 1, 2, 4, 8, 16, and 24 h). The expression 
of miR-320-3p was upregulated before 1 h but 
later downregulated gradually. At 8 h of expo-
sure to hypoxia, the miR-320-3p expression 
level was decreased by 62.6% compared with 
that at 0 h (Figure 1F). On the other hand, KLF5 

Figure 1. Downregulated miR-320-3p in hypoxic PH rat model and in hypoxic-exposed PASMC and dynamic changes 
in miR-320-3p, KLF5 and HIF1α expression in vitro. (A, B) The levels of miRNAs, including miR-9a-5p, miR-145-
5p, miR-153-3p, miR-320-3p, miR-375-3p and miR-495 in rat pulmonary artery at the 4th week after hypoxia or 
hypoxic-exposed pulmonary artery smooth muscle cells (PASMCs) in vitro via real-time PCR. (C) GSE56914 from 
Gene Expression Omnibus (GEO) database was performed to analyze the expression of miR-320-3p in plasma of 
CTEPH patients (n=8). The expression levels of KLF5 (D), HIF1α (E) and miR-320-3p (F) in PASMC exposed to 5% 
O2 (hypoxia) at the indicated time points were determined by real-time PCR. (G-I) The protein expressions of KLF5 
and HIF1α were analyzed with western blotting and the protein levels were evaluated. The levels of miR-135a-5p 
were normalized to that of U6 RNA. *P < 0.05, **P < 0.01, ***P < 0.005. (PAH, pulmonary arterial hypertension).
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and HIF1α expression were increased at 8 h, 
while miR-320-3p expression was significantly 
decreased (Figure 1D-F). The protein expres-
sion of KLF5 was significantly increased at 4 h 
and 8 h, while the expression of HIF1α was sig-
nificantly increased at 8 h. (Figure 1G-I). The 
results suggest that miR-320-3p expression is 
downregulated in hypoxia-induced PH and 
PASMCs.

KLF5 and HIF1α are direct target genes of 
miR-320-3p

After transfection with control inhibitor/miR-
320-3p inhibitor in normoxic conditions or con-
trol mimics/miR-320-3p mimics in hypoxic con-
ditions, PASMCs were collected to determine 
the expression levels of KLF5 and HIF1α by 
qRT-PCR and western blotting. The data 
showed that overexpression of miR-320-3p sig-
nificantly decreased the mRNA expression of 
KLF5 and HIF1α compared to that in the nor-
mal and control mimic groups (Figure 2A). The 
protein expression of KLF5 and HIF1α was 
highly upregulated in PASMCs after exposure to 
hypoxia but was suppressed by miR-320-3p 
mimics (Figure 2B). The dual-luciferase report-
er assay showed that the luciferase activity of 
the GV272-KLF5-WT reporter in PASMCs was 
suppressed by miR-320-3p mimics while that 
of GV272-KLF5-Mut was not altered, indicating 
a trend similar to that for the reporter vector of 
HIF1α (Figure 2C, 2D). All the above results 
indicate that miR-320-3p could directly target 
KLF5 and HIF1α in hypoxia-induced PASMCs.

miR-320-3p mimics inhibited the proliferation 
and migration and promoted the apoptosis of 
PASMCs

To explore the role of miR-320-3p in the prolif-
eration, migration, and apoptosis of PASMCs, 
PASMCs were transfected with miR-320-3p 
mimics for 8 h under hypoxic (5% O2) exposure 
or with inhibitor under normoxic conditions. 
Western blot analysis revealed that miR-320-
3p mimics attenuated the hypoxia-induced 
upregulation of the PCNA and survivin proteins 
(Figure 3A). The CCK-8 and EdU staining assays 
showed that miR-320-3p mimics attenuated 
the effects of hypoxia on the viability and prolif-
eration of cells (Figure 3B-D). However, the 
miR-320-3p inhibitor did not affect PASMC pro-
liferation but did affect the expression of sur-
vivin under normoxic conditions (Figure 3A-D). 

Western blot analysis showed that the upregu-
lation of MMP9 expression induced by hypoxia 
was attenuated by miR-320-3p mimics (Figure 
4A). The migration assay revealed that the 
increased number of migrated cells under 
hypoxic conditions was significantly suppressed 
by miR-320-3p mimics (Figure 4D). However, 
the miR-320-3p inhibitor did not significantly 
impact PASMC migration (Figure 4A, 4D). As 
shown in Figure 4B and 4C, miR-320-3p mim-
ics reversed the hypoxia-induced decreases in 
the ratios of BAX/Bcl2 and cleaved caspase-3/
procaspase-3 (Figure 4B, 4C). The Annexin V/PI 
assay results emphasized that miR-320-3p 
mimics enhanced cell apoptosis (Figure 4E). 
However, the miR-320-3p inhibitor had no evi-
dent effect on PASMC apoptosis (Figure 4B, 
4C, 4E). The results above indicate that miR-
320-3p plays a determinant role in hypoxia-
induced PH.

KLF5 and HIF1α reversed the effects of miR-
320-3p mimics on PASMC proliferation, migra-
tion, and apoptosis

Rescue experiments showed that overexpres-
sion of KLF5 and HIF1α upregulated the expres-
sion of PCNA and survivin, which was sup-
pressed by miR-320-3p mimics (Figure 5A). 
Overexpression of KLF5 and HIF1α reversed 
the suppressive effects of miR-320-3p on cell 
viability and proliferation (Figure 5B-D). The 
expression of MMP9, which was reduced by 
miR-320-3p mimics, was increased by KLF5 
and HIF1α overexpression (Figure 6A). The 
decrease in the number of migrated cells 
induced by miR-320-3p mimics was reversed 
by the overexpression of KLF5 and HIF1α 
(Figure 6D). Overexpression of KLF5 and HIF1α 
prevented the increase in the ratio of BAX/Bcl2 
and cleaved caspase-3/procaspase-3 induced 
by miR-320-3p (Figure 6B, 6C). The upregula-
tion of apoptosis induced by miR-320-3p mim-
ics was attenuated by the enforced expression 
of KLF5 and HIF1α (Figure 6E, 6F). These 
results show that KLF5 and HIF1α reverse the 
effects of miR-320-3p mimics in hypoxia-
induced PASMCs.

Discussion

PH is a chronic, progressive vascular disease 
that leads to right heart failure in severe cases; 
thus, effective therapeutic strategies are 
urgently needed based on the currently limited 
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Figure 2. miR-320-3p reduced KLF5 and HIF1α expression and targeted the two genes directly. A. The mRNA ex-
pression of KLF5 and HIF1α in normal, control inhibitor/miR-320-3p inhibitor groups or control mimics/miR-320-3p 
mimics groups. B. PASMCs were transfected with control mimics or miR-320-3p mimics in normoxia or with control 
inhibitor or miR-320-3p inhibitor in hypoxia and KLF5 and HIF1α protein expression were analyzed. C, D. PASMCs 
were co-transfected with control mimics/miR-320-3p mimics and KLF5-WT/KLF5-Mut plasmid or HIF1α-WT/HIF1α-
Mut plasmid for 48 h, and then the luciferase activity was detected. *P < 0.05, **P < 0.01. (WT, wild type; Mut, 
mutative type).
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Figure 3. miR-320-3p inhibited the proliferation of PASMCs. A. The protein expression of PCNA and Survivin were 
analyzed with western blotting and the proteins expression were evaluated. B. The viability of PASMCs was deter-
mined by CCK-8 tests. C. The EDU proliferation assay was used to measure PASMCs proliferation ability. D. Quantita-
tion of EDU positive cells. All images are presented at 400× magnification. The data statistics are shown as mean 
± SD. CCK-8, cell-counting kit-8. *P < 0.05, **P < 0.01, ***P < 0.005.

treatment methods. Our present study aimed to 
explore a novel therapy for PH. Our research 

found that miR-320-3p was downregulated in 
vitro and in vivo in hypoxia-induced PASMCs as 
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Figure 4. miR-320-3p inhibited migration and promoted apoptosis of PASMCs. A. The protein related to migration 
(MMP9) was detected by western blotting. B, C. The expression level of apoptosis proteins (Bcl2, BAX, pro-caspase3, 
cleaved-caspase3) and the ratio of BAX/Bcl2 and Cl-caspase3/Pro-caspase3 were calculated. D. The PASMC migra-
tion ability was measured by Transwell assay and the number of migrated cells was counted. E. The cell apoptosis 
of transfected cells was evaluated by Annexin V/PI assay and the percentage of apoptotic cells was analyzed. *P < 
0.05, **P < 0.01, ***P < 0.005.
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Figure 5. KLF5 and HIF1α restored the attenuated proliferation of PASMCs affected by miR-320-3p. PASMCs were 
transfected with control mimics or miR-320-3p mimics for 12 hr., and then transfected with pcDNA3.1, KLF5 plas-
mid or HIF1α plasmid. A. Proteins related to proliferation (PCNA and Survivin) were determined by western blotting. 
B. The PASMC viability was detected by CCK-8 tests. C, D. The PASMC proliferation ability was measured by EdU 
proliferation assay. *P < 0.05, **P < 0.01, ***P < 0.005.

well as in CTEPH patients compared to con-
trols. miR-320-3p downregulated the expres-
sion of KLF5 and HIF1α by directly targeting 
their 3’UTRs. Overexpression of miR-320-3p 
repressed the proliferation and migration and 
enhanced the apoptosis of PASMCs, and the 
effects were rescued by KLF5 and HIF1α over-
expression. The miR-320-3p inhibitor did not 
affect cell proliferation, apoptosis or migration 
but did affect survivin expression under nor-
moxic conditions. The present study demon-
strates that the miR-320-3p/KLF5/HIF1α sig-
naling pathway is involved in the progression of 
PAH and that miR-320-3p could be a new thera-
peutic strategy for PH.

Several recent studies discovered a series of 
miRNAs contributing to the regulation of pulmo-

nary arterial vascular remodeling [21]. miR-204 
significantly reduced the mPAP and vascular 
wall thickness in the monocrotaline (MCT)-PAH 
model [24]. The hypoxia-induced increases in 
RVSP and vascular wall thickness were signifi-
cantly reduced in miR-143-/- mice [25]. miR-
140-5p, miR-125a-5p, and miR-340-5p altered 
vascular remodeling by affecting the prolifera-
tion and apoptosis of PASMCs [26-29]. In the 
present study, enhanced expression of miR-
320-3p inhibited cell proliferation and migra-
tion and promoted apoptosis in hypoxic 
PASMCs. It is well known that PAH and cancer 
have analogous hypoxic microenvironments; 
the function of miR-320-3p in PASMCs was 
identical to that found in studies in the cancer 
field. Rno-miR-320-3p has the same sequence 
as hsa-miR-320a. The plasma level of miR-
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Figure 6. KLF5 and HIF1α reversed the attenuated migration and enhanced apoptosis of PASMCs affected by 
miR-320-3p. A. The expression level of MMP9. B, C. Proteins related to apoptosis (Bcl2, BAX, pro-Caspase3 and 
cleaved-Caspase3) were detected. D. Crystal violet staining of PASMC was presented at 200× magnification for the 
transwell assay and the number of migrated cells was calculated manually. E, F. The cell apoptosis of transfected 
cells was evaluated by Annexin V/PI assay and the percentage of apoptotic cells was analyzed. *P < 0.05, **P < 
0.01, ***P < 0.005.
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320a was downregulated in a group of colorec-
tal cancer patients [30]. miR-320a inhibited 
cell proliferation and migration and was down-
regulated in malignant pleural mesothelioma 
by targeting PDL1. Moreover, overexpression of 
p53 upregulated miR-320a [31]. In a hepato-
cellular carcinoma study, miR-320a exerted a 
tumor suppressor function by inhibiting ERK1/2 
activation by targeting PBX3 [32]. Additionally, 
as a tumor suppressor gene, miR-320-3p inhib-
ited cell proliferation in prostate cancer, ovari-
an cancer, cholangiocarcinoma, and gastric 
cancer [33-38]. Similarly, we found that miR-
320-3p inhibited PASMC proliferation under 
hypoxic conditions.

Many studies have shown that KLF5 plays a 
crucial role in cell proliferation, apoptosis and 
migration based on multiple molecular mecha-
nisms. At the transcriptional level, KLF5 directly 
targets genes related to proliferation, apopto-
sis and migration by binding to their GC-rich 
promoter regions. At the translational level, 
KLF5 directly interacts with p53 and PARP-1 [9, 
39]. KLF5 and p53 can bind to the promoters of 
HIF1α and survivin [9, 40]. A recent study dem-
onstrated that KLF5 was a target of miR-320-
3p as well [37]. Our study explained that KLF5 
and HIF1α were direct targets of miR-320-3p 
and reversed the effects caused by overexpres-
sion of miR-320-3p in hypoxia-treated PASMCs. 
Our recent study demonstrated that KLF5 
mediates vascular remodeling by directly regu-
lating HIF1α in hypoxic pulmonary tissue [6]. 
This result suggests that the miR-320-3p/
KLF5/HIF1α signaling pathway might be 
involved in PH.

The present study also has some limitations. 
First, we focused on revealing the mechanism 
of miR-320-3p in hypoxic PASMCs. Thus, PAH 
animal models should be implemented to fur-
ther study the role of miR-320-3p in the patho-
physiology of PAH. Second, since miRNAs tar-
get multiple genes, the miR-320-3p network 
that regulates the progression of PAH may be 
further explored. Third, the profile of miR-320-
3p in CTEPH (the fourth PH type) plasma is 
based on the GEO database. Thus, the miR-
320-3p plasma profile in hypoxic PAH (the third 
PH type) should be investigated further.

In conclusion, our findings demonstrate that 
miR-320-3p is downregulated in PH and that 
miR-320-3p attenuates hypoxia-induced prolif-

eration and migration and enhances cell apop-
tosis via KLF5 and HIF1α. Our present study 
demonstrates that miR-320-3p exerts a novel, 
prominent and evident role in regulating the 
biological effect of hypoxia in PASMCs.
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