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Ischemia-reperfusion (IR) injury is a major cause of clinical emergencies during and after surgical procedures.
Propofol protects the heart from cardiovascular IR injury by inhibiting autophagy. MicroRNAs (miRNAs)
participate in anesthetic-regulated cardiovascular injury. MiR-20b-5p targets unc-51-like autophagy activating
kinase 1 (ULK1). Its role in propofol-modulated cardiovascular IR injury remains unclear, however. In this
study, we used an in vitro model of hypoxia-reoxygenation (HR)-induced injury to human umbilical vein
endothelial cells (HUVECs) to determine the protective effect of miR-20b-5p in cells preconditioned with
propofol. We found that miR-20b-5p was signiﬁcantly higher and ULK1 was lower in propofol-preconditioned
HUVECs with HR injury than in HUVECs with HR injury only. Additionally, miR-20b-5p overexpression
increased cell viability and repressed autophagy and apoptosis more in propofol-preconditioned HUVECs with
HR injury than in HUVECs with HR injury only. A luciferase reporter assay conﬁrmed the target reaction
between miR-20b-5p and ULK1. Overexpression of ULK1 restrained the protective effect of miR-20b-5p in
propofol-preconditioned HUVECs with HR injury. In conclusion, our results indicate that propofol inhibits
autophagic cell death via the miR-20b-5p-ULKI axis and that ULK1 may be a therapeutic target for cardiovascular IR injury.
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1. Introduction
Ischemia-reperfusion (IR) injury is a common postoperative complication in patients who undergo cardiac
surgery. It is a main cause of high morbidity and
mortality rates of heart disease (Perricone and Vander
Heide 2014). Anesthetic preconditioning renders tissues and cells more resistant to IR insult (Chen et al.
2016) Propofol is a widely used intravenous anesthetic
in clinical anesthesia and maintenance of sedation or
anesthesia (Chidambaran et al. 2015). It reportedly has
protective effects against IR injury in both the heart and
brain (Harman et al. 2012). However, the underlying
mechanisms of propofol preconditioning in IR injury
and cardiac protection are unclear.
Autophagy is an adaptive survival process of cells in
response to various stresses (Parzych and Klionsky
2014). Autophagy helps maintain tissue homeostasis
http://www.ias.ac.in/jbiosci

by recycling and degrading excess, aged, or dysfunctional proteins (White et al. 2015). However, excess
autophagy can induce apoptosis and cellular death or
necrosis, which is known as autophagic cell death
(Ordonez Rueda 1983). Autophagic cell death has
critical roles in regulating cancers, diabetes, neurodegenerative disorders, and cardiovascular disease (Ghavami et al. 2014). Anesthetic agents, including volatile
and intravenous anesthetics, can inﬂuence autophagy in
various diseases (Ye and Zuo 2017). One study found
that intravenous propofol alleviated IR-induced autophagic cell death and protected human umbilical vein
endothelial cells (HUVECs) against IR injury (Chang
et al. 2015). Thus, propofol-regulated autophagy during IR may be a therapeutic target for treating IR injury.
MicroRNAs (miRNAs) are non-coding, small RNAs
consisting of 20–26 nucleotides. They modulate gene
expression by targeting the 30 untranslated region, leading

35

Page 2 of 9

Wang Zhen et al.

to translation inhibition (Liu et al. 2017). MiRNAs regulate diverse cellular processes, including viability,
apoptosis, and differentiation. They also are important
targets for many diseases, including hepatic IR injury
(Liang et al. 2018; Sun et al. 2018). Several miRNAs
have been proven to be involved and functional in regulating anesthetic preconditioning (Chen et al. 2013).
Hypoxia-reoxygenation (HR) is used to establish
in vitro cell models of IR (Zhou et al. 2018). A recent
study found that miR-20b-5p was upregulated more in
post-hypoxic, propofol-treated cardiovascular cells than in
cells exposed to HR only (Chen et al. 2013). The online
bioinformatics software TargetScan predicts that miR20b-5p targets unc-51-like autophagy activating kinase 1
(ULK1), which is essential for regulating autophagy (Jiao
et al. 2015). Thus, miR-20b-5p might modulate the protective effect of propofol in IR injury. In the current study,
we used an in vitro model of HR-exposed HUVECs to
investigate the role and underlying mechanism of
propofol and miR-20b-5p in IR injury. This investigation
explored novel insights into miRNA functions and may
provide new treatment targets for cardiac IR injury.
2. Material and methods
2.1 Cell culture
HUVECs were purchased from the American Type
Culture Collection (Manassas, VA, USA). Cells were
cultured in vascular cell basal medium (Gibco, Rockville, MD, USA) containing 10% fetal bovine serum
and antibiotics (100 mg/mL concentration of streptomycin and 100 IU/mL concentration of penicillin;
Gibco) and then incubated in 5% CO2 at 37°C.

using a miRNA Isolation Kit (Ambion, Austin, TX,
USA) according to the manufacturer’s protocols. A
dual-beam ultraviolet spectrophotometer (Eppendorf,
Hamburg, Germany) was used to detect the purity and
concentration of the RNA samples. Expression of
miRNA was analyzed using a Taqman miRNA assay
(Applied Biosystems, Foster City, CA, USA) and
normalized to U6 small nuclear RNA expression. The
relative miRNA level was quantiﬁed using the 2-44Ct
method.
2.4 Western blot
After washing with phosphate-buffered saline, cells
were placed in lysis buffer on ice for 30 minutes and
then centrifuged (12,000 rpm/min) for 10 min at 4°C.
Subsequently, bicinchoninic acid assays (Pierce,
Rockford, IL, USA) were performed to determine
protein concentrations. Equal amounts (20 lg) of proteins were separated by sodium dodecyl sulfate polyacrylamide
gel
electrophoresis
(SDS-PAGE),
transferred to a polyvinylidene ﬂuoride (PVDF) membrane (Bio-Rad, Hercules, CA, USA), and blocked in
5% non-fat milk for 1 hour, followed by incubation
with primary antibodies at 4°C overnight. The primary
antibodies anti-ULK1, anti-LC3 I, anti-LC3 II, p62,
NBR1, and anti-b-actin were purchased from Abcam
(Cambridge, UK). The membranes then were incubated
with a secondary antibody at room temperature for 1 h.
Bands were visualized by enhanced chemiluminescence detection and analyzed with Image-Pro Plus 6.0
software. The relative protein expression was normalized to b-actin.
2.5 Cell transfection

2.2 Hypoxia-reoxygenation induction
and propofol preconditioning
To induce HR, HUVECs were ﬁrst maintained in a
hypoxic chamber with 5% CO2 and 95% N2 at 37°C
for 4 h. Then, the cells were reoxygenated in normoxic
(95% air and 5% CO2) conditions at 37°C for 10 h. For
propofol preconditioning, 100 lM of propofol was
added to the cells at 4 h prior to hypoxia.

The miR-20b-5p mimic, mimic control, miR-20b-5p
inhibitor, or inhibitor control (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were transfected into
HUVECs using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA). Cells were then treated with
propofol and stimulated with HR conditions.
2.6 Cell counting kit-8 assay

2.3 Quantitative real-time PCR
The expression of miR-20b-5p was measured by qRTPCR. Brieﬂy, total RNA of HUVECs was extracted

A CCK-8 assay was conducted to assess cell viability.
Cells were maintained in 96-well plates (2 9 103 cells/
well). The CCK-8 reagents (10 lL/well; Beyotime
Institute of Biotechnology, Jiangsu, China) were added.
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The absorbance was measured with a microplate reader
(Bio-Rad) at 450 nm.
2.7 Flow cytometry
The apoptosis of HUVECs was assessed by ﬂow
cytometry using an Annexin V-FITC propidium iodide
kit (Sigma, St. Louis, MO, USA). In brief, after
washing with phosphate-buffered saline and resuspending with the kit binding buffer, cells were incubated with 10 lL of Annexin V-FITC and 5 lL of
propidium iodide for 15 min in the dark. Fluorescence
was detected using a ﬂow cytometer (Becton Dickinson,
San Jose, CA, USA).

2.8 Luciferase reporter assay
A 500 bp sequence from the 30 untranslated region of
ULK1, containing a putative miR-20b-5p binding site,
was ampliﬁed by PCR using the cDNA synthesized
from HUVECs. The sequence for the mutation within
the miR-20b-5p binding site was ampliﬁed using a
KOD-Plus mutagenesis kit (Toyobo, Osaka, Japan)
according to the manufacturer’s protocols. The sequences were obtained and then sub-cloned into the pmirGLO Luciferase reporter vector (Promega, Madison,
WI, USA) with NotI and XbaI. Correctness of recombinant plasmids was assessed by DNA sequencing. For
luciferase activity detection, 10 ng of the recombinant
plasmids or pmirGLO empty vector were co-transfected
with 100 nM of miR-20b-5p mimics into the HUVECs.

2.9 Construction of ULK1 overexpression plasmid
and cell transfection
Recombinant ULK1 vectors were constructed using
pFLAG plasmid (Invitrogen). Brieﬂy, the expression
sequences encoding ULK1 were ampliﬁed from
cDNA, which was synthesized from total RNA
extracted from the HUVECs and then sub-cloned into
the pFLAG plasmid. For ULK1 overexpression,
HUVECs were transfected with 100 lM of pFLAG ULK1 plasmid using Lipofectamine 3000.
2.10 Statistical analysis
All experiments were repeated at least three times. Data
are presented as the mean ± SD and analyzed by one-
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way analysis of variance followed by Dunnett’s test
among multiple groups and a two-tailed t test between
two groups using SPSS 22.0 software (SPSS Inc.,
Chicago, IL, USA). Differences were considered signiﬁcant if P \ 0.05.

3. Results
3.1 Propofol preconditioning elevated miR-20-5p
expression and inhibited ULK1 expression
in human umbilical vein endothelial cells exposed
to hypoxia-reoxygenation
To establish an in vitro model of cardiovascular IR
injury, propofol-preconditioned HUVECs were stimulated with hypoxia for 4 h and then reoxygenation
for 10 hours. The qRT-PCR analysis showed signiﬁcant higher miR-20b-5p expression in the HR group
than in the control group (P \ 0.05). However,
HUVECs in the HR ? prop group had signiﬁcantly
higher miR-20b-5p expression than those in the HR
group (P \ 0.05), as shown in ﬁgure 1A. A Western
blot showed that the protein expression of ULK1 was
signiﬁcantly higher in the HR group than in the control group and lower in the HR ? prop group than in
the HR group (P \ 0.05), as shown in ﬁgure 1B
and C.

3.2 MiR-20b-5p regulated propofolpreconditioning-induced cell viability in human
umbilical vein endothelial cells exposed to hypoxiareoxygenation
To explore the role of miR-20b-5p in propofol-regulated IR injury, a miR-20b-5p mimic or inhibitor was
transfected into HUVECs preconditioned with propofol
and exposed to HR. As shown in ﬁgure 2A, the
expression of miR-20b-5p was dramatically higher in
the HR ? prop ? miR-20b-5p mimic group than in
the HR ? prop group and lower in the HR ? prop ?
miR-20b-5p inhibitor group than in the HR ? prop
group (P \ 0.05). Cell viability was measured using
the CCK-8 method, and the results showed that preconditioning with propofol restored the decreased cell
viability induced by HR. Moreover, cell viability signiﬁcantly increased in the HR ? prop ? miR-20b-5p
mimic group and decreased in the HR ? prop ? miR20b-5p inhibitor group, compared with the HR ? prop
group (P \ 0.05), as shown in ﬁgure 2B.
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Figure 1. Propofol preconditioning elevated miR-20-5p expression and inhibited ULK1 expression in human umbilical
vein endothelial cells exposed to hypoxia-reoxygenation. Control group, normal HUVECs; HR group, HUVECs induced
with hypoxia for 4 h and then reoxygenation for 10 h; HR ? prop group, HUVECs incubated with propofol for 4 h then
treated the same as the HR group. (A) MiRNA expression was measured by qRT-PCR and normalized to U6 small nuclear
RNA expression. (B and C) ULK1 protein expression was measured by Western blot and normalized to GAPDH. *P \ 0.05.

Figure 2. MiR-20b-5p regulated propofol-preconditioning-induced cell viability in human umbilical vein endothelial cells
exposed to hypoxia-reoxygenation. Control group, normal HUVECs; HR group, HUVECs induced with hypoxia and then
reoxygenation; HR ? prop group, HUVECs incubated with propofol then treated the same as the HR group;
HR ? prop ? miR-20b-5p mimic group, HUVECs transfected with miR-20b-5p mimic for 24 h and then treated the
same as the HR ? prop group; HR ? prop ? mimic control group, HUVECs transfected with mimic control for 24 h and
then treated the same as the HR ? prop group; HR ? prop ? miR-20b-5p inhibitor group, HUVECs transfected with miR20b-5p inhibitor l for 24 h and then treated the same as the HR ? prop group; HR ? prop ? inhibitor control group,
HUVECs transfected with inhibitor control for 24 h and then treated the same as the HR ? prop group. (A) MiRNA
expression was measured by qRT-PCR and normalized to U6 small nuclear RNA expression. (B) Cell viability was detected
by CCK-8 assay. *P \ 0.05.

3.3 MiR-20b-5p regulated propofolpreconditioning-inhibited autophagy and apoptosis
in human umbilical vein endothelial cells exposed
to hypoxia-reoxygenation
A ﬂow cytometry evaluation of HUVEC apoptosis
showed a signiﬁcantly higher rate of apoptosis in

HUVECs in the HR group than those in the control group
and lower rates of apoptosis in HUVECs in the
HR ? propofol group than those in the HR group
(P \ 0.05). Moreover, miR-20b-5p overexpression
decreased and miR-20b-5p inhibition increased HUVEC
apoptosis more than HR and propofol treatment alone
(P \ 0.05), as shown in ﬁgure 3A and B. HR stimulation
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increased and propofol preconditioning decreased the
autophagy marker ratio of proteins LC3II to LC3 I.
Consistent with the apoptosis results, miR-20b-5p overexpression attenuated and miR-20b-5p inhibition elevated
the ratio of LC3 II to LC3 I in HUVECs more than HR
and propofol alone (P \ 0.05), as shown in ﬁgure 3C
and D. The protein expression levels of p62 and
NBR1 were signiﬁcantly lower in the HR group than in
the control group and higher in the HR ? prop group
than in the HR group (P \ 0.05). Moreover, miR-20b-5p
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overexpression signiﬁcantly increased, whereas miR-20b5p inhibition decreased p62 and NBR1 protein expression
in propofol-preconditioned, HR-stimulated HUVECs
(P \ 0.05), as shown in ﬁgure 3E–G.
3.4 MiR-20b-5p directly targeted ULK1
To verify the target reaction between miR-20b-5p and
ULK1, as predicted by TargetScan (ﬁgure 4A), dual-

Figure 3. MiR-20b-5p regulated propofol-preconditioning-inhibited autophagy and apoptosis in human umbilical vein
endothelial cells exposed to hypoxia-reoxygenation. (A and B) Apoptosis was measured using ﬂow cytometry. (C–G) Protein
expression was measured by Western blot and normalized to GAPDH. *P \ 0.05.
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luciferase reporter assays were performed. Co-transfection with ULK1-wt and miR-20b-5p mimics signiﬁcantly decreased luciferase activity in HUVECs
(P \ 0.05), as shown in ﬁgure 4B. Our data also
demonstrated that transfection with the miR-20b-5p
mimic decreased and transfection with the miR-20b-5p
inhibitor increased ULK1 protein expression
(P \ 0.05), as shown in ﬁgure 4C and D.
3.5 ULK1 overexpression restrained the protective
effect of miR-20b-5p in human umbilical vein
endothelial cells exposed to hypoxia-reoxygenation
To conﬁrm the correlation between miR-20b-5p and
ULK1, we constructed a ULK1 overexpression vector.

As shown in ﬁgure 5A and B, transfection with the
ULK1 overexpression vector increased ULK1 protein
expression signiﬁcantly more in the HR ? propofol ? miR-20b-5p mimic ? ULK1 group than in the
HR ? propofol ? miR-20b-5p
mimic
group
(P \ 0.05). The ratio of LC3 II to LC3 I was higher
(ﬁgure 5C), cell viability was lower (ﬁgure 5D), and
apoptosis was higher (ﬁgure 5E and F) in the
HR ? propofol ? miR-20b-5p mimic ? ULK1 group
than in the HR ? propofol ? miR-20b-5p mimic
group (P \ 0.05). Moreover, transfection with the
ULK1 overexpression vector signiﬁcantly decreased
p62 and NBR1 protein expression in the
HR ? propofol ? miR-20b-5p
mimic ? ULK1
group, compared with the HR ? propofol ? miR-20b5p mimic group (P \ 0.05), as shown in ﬁgure 5G–I.

Figure 4. MiR-20b-5p directly targeted ULK1. (A) Prediction of binding sequence between miR-20b-5p and ULK1. m
marks the mutant point in the ULK1 sequence. (B) Relative luciferase activity in HUVECs that were co-transfected with the
miR-20b-5p mimic or mimic control, together with pmirGLO empty vector or luciferase reporter constructs containing either
wild-type (wt) or mutant-type (mut) ULK1 30 UTR; (C and D) Protein expression was measured by Western blot and
normalized to GAPDH. *P \ 0.05.
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Figure 5. ULK1 overexpression restrained the protective effect of miR-20b-5p in human umbilical vein endothelial cells
exposed to hypoxia-reoxygenation. Control group, normal HUVECs; HR group, HUVECs induced with hypoxia and then
reoxygenation; HR ? prop group, HUVECs incubated with propofol and then treated the same as the HR group;
HR ? prop ? miR-20b-5p mimic group, HUVECs transfected with miR-20b-5p mimic for 24 h and then treated the same as
the HR ? prop group; HR ? prop ? miR-20b-5p mimic ? ULK1 group, HUVECs transfected with miR-20b-5p mimic and
ULK1 overexpression vector for 24 h and then treated the same as the HR ? prop group. (A–C) Protein expression was
measured by Western blot and normalized to GAPDH. (D) Cell viability was measured by CCK-8 assay. (E and F) Apoptosis
was measured using ﬂow cytometry. (G–I) Protein expression was measured by Western blot and normalized to GAPDH.
*P \ 0.05.
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4. Discussion
The protective effect of anesthetics against cardiovascular damage during cardiac surgery is an important
topic. Preconditioning with propofol improves longterm outcomes and survival rates of surgical patients
(Soro et al. 2012). In the last decade, studies have
revealed the crucial role of miRNAs in cardiac development and homeostasis. The expression of several
miRNAs is reportedly altered in anesthetic-regulated
cell injury. One of these miRNAs, miR-20b-5p, is
upregulated in cardiovascular cells treated with
propofol and exposed to HR (Chen et al. 2013). Thus,
miR-20b-5p may modulate the function of anesthetic in
IR injury. In the current study, we investigated the
cardioprotective effects of miR-20b-5p using an
in vitro model of HUVECs exposed to HR and preconditioned with propofol.
MiR-20b-5p belongs to the miR-17 family and is
transcribed from miR-17-miR-92 clusters (Abasi et al.
2017). MiR-20b has important roles in regulating various disease and cellular processes. It acts as a tumor
promoter and diagnostic biomarker in several cancers,
such as breast, cervical, and colorectal cancers (Liu
2018; Liu et al. 2018; Luengo-Gil, Gonzalez-Billalabeitia et al. 2018). MiR-20 also regulates exercisebased prevention of coronary artery disorder (Wang
et al. 2017). Another study has indicated that miR-20b
inhibits ischemia in myocardiocytes, suggesting a
potential protective effect of miR-20b-5p in cardiac
disease (Nie et al. 2017; Wang et al. 2017). Our study
demonstrated that miR-20b-5p signiﬁcantly increased
in HR-induced HUVECs. Furthermore, preconditioning with propofol increased miR-20b-5p expression, as
reported by Zhuo Chen et al. and conﬁrmed by our
study (Chen et al. 2013). Propofol regulates HR-induced injury by inﬂuencing cell viability (Zhang et al.
2016). We found that in HUVECs, miR-20b-5p overexpression elevated cell viability and miR-20b-5p
inhibition decreased cell proliferation more than
propofol preconditioning and HR exposure alone.
These results suggest that miR-20b-5p may be a therapeutic target for propofol-regulated cardiac protection.
Autophagy plays a regulatory role in cardiovascular
disorders. Autophagy involves the assembly of
autophagosomes, which are regulated by converting
LC3 I into LC3 II (Sukseree et al. 2013). Thus, levels
of LC3 I and LC3 II and the ratio of LC3 II to LC3 I
indicate an autophagic response. NBR1 and p62 are
well known negative regulators of autophagy and are
often used as markers to detect autophagy (Hafren
et al. 2017; Yoshii and Mizushima 2017). Propofol

protects against cardiovascular IR injury by regulating
autophagy (Cui et al. 2013). In our study, the expression of LC3 II and ratio of LC3 II to LC3 I were
elevated by HR exposure and then reversed by
propofol preconditioning. Additionally, miR-20b-5p
regulated the autophagy response in propofol-preconditioned, HR-stimulated HUVECs.
Autophagy-induced apoptosis is critical in the progression of IR injury (Huang et al. 2018). In our study,
the results conﬁrmed that HR induced apoptosis in
HUVECs. Moreover, miR-20b-5p-regulated propofol
preconditioning decreased apoptosis. ULK1 reportedly
is upregulated during autophagy (Wang et al. 2018).
For the ﬁrst time, our study identiﬁed the target reaction between miR-20b-5p and ULK1. The ULK1
compensation experiments further conﬁrm that miR20b-5p protected injured HUVECs from regulating
ULK1. These results indicate that miR-20b-5p regulated the protective effect of propofol in HR-induced
endothelial cell injury by targeting ULK1 and modulating autophagic cell death. However, there could be
more than one target gene for miRNA, and miR-20b-5p
might interact with other autophagy-related genes. The
underlying mechanism of miR-20b-5p in regulating
HUVECs cell injury thus should be further
investigated.
In conclusion, our study highlights the signiﬁcant
protective effect of miR-20b-5p against HR injury in
propofol-preconditioned HUVECs by targeting ULK1
and inhibiting autophagic cell death. These ﬁndings
provide a novel understanding of how propofol preconditioning can regulate cardiovascular IR injury.
They also may provide a new way to prevent IR injury
in heart surgery.
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