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Atherosclerosis is the main cause of cardio-cerebrovascular dis-
eases. Endothelial-mesenchymal transition plays an important
role in atherosclerosis. Icariin has a protective effect on athero-
sclerosis; however, the underlying mechanism remains unclear.
In this study, we explored themolecularmechanism underlying
the protective function of icariin in oxidized low-density lipo-
protein-stimulated human umbilical vein endothelial cells.
H19, a long non-coding RNA, was identified to be downregu-
lated in the background of the oxidized low-density lipopro-
tein-induced endothelial-mesenchymal transition in human
umbilical vein endothelial cells. Icariin upregulated H19
expression and inhibited the transformation of endothelial
cells into interstitial cells. Overexpression of H19 affected
endothelial-mesenchymal transition in oxidized low-density li-
poprotein-stimulated human umbilical vein endothelial cells,
whereas H19 knockdown reversed endothelial protective effects
of icariin and reduced human umbilical vein endothelial cell
migration. Knockdown of H19 significantly downregulated
oxidized low-density lipoprotein-induced E74-like factor 5
and upregulated miR-148b-3p, which was reversed by icariin.
Thus, icariin may play a protective role in atherosclerosis,
and H19 may be a potential therapeutic target.

INTRODUCTION
In recent years, with changes in lifestyle and dietary habits, the inci-
dence and mortality rates of cardiovascular and cerebrovascular dis-
eases caused by atherosclerosis (AS) have increased annually,
becoming the main cause of death.1 AS is a complicated chronic dis-
ease characterized by lipid deposition in the blood vessel wall,
involving an inflammatory and proliferative cascade of functional
cells, including smooth muscle, endothelial, and immune cells.2 The
formation of AS plaque is not only related to lipid deposition in the
blood vessel walls but also closely related to the accumulation of arte-
rial intima mesenchymal cells. The origin of new endometrial mesen-
chymal cells in plaques has received widespread attention.3–5 Studies
have shown that these new mesenchymal cells originate from endo-
thelial cells in large numbers.6 AS can easily damage the vascular
endothelium, and this damage changes the endothelial cell phenotype
such that it acquires interstitial properties. During this process, endo-
thelial cells gradually lose their morphology and function and acquire
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the phenotype and characteristics of mesenchymal cells with respect
to proliferation, migration, and collagen synthesis, a process referred
to as endothelial-mesenchymal transition (EndMT).4 Recently, an
increasing number of studies have shown that EndMT plays an
important role in AS.

Icariin (ICA) is one of the active ingredients of Epimedium. There is
extensive research on its pharmacological activities, including anti-in-
flammatory, anti-osteoporotic, and immune regulatory effects.7,8 In
recent years, researchers have conducted several studies on the
anti-AS effect of ICA, confirming the protective effect of ICA on
the cardiovascular system, but its specific targets, related biological
processes, and signal transduction pathways need further exploration.

Long non-coding RNAs (lncRNAs) exist in the nucleus or cytoplasm
without a full open reading frame (ORF). Studies have shown that
most lncRNAs contain conserved regions, which affect gene expres-
sion via genomic imprinting, chromatin compensation, X chromo-
some inactivation, and epigenetic modification.9,10 lncRNAs play an
important role in various diseases. lncRNA H19 is paternally im-
printed but maternally expressed. Brannan et al.11 revealed that the
three ORFs of H19 contain many translational termination signals
but no clear protein-coding sections. Thus, it was proposed that
H19 mRNA only encodes RNA and not protein. lncRNA H19 is
widely expressed in various tissues and cells and exerts its effects
via various regulatory modes.12 We previously showed upregulated
lncRNA H19 expression upon ICA intervention in mice. The mech-
anism underlying H19 involvement in AS remains unclear. Zhu
et al.13 identified a miR-148b-3p-binding site in H19 and found
that the binding leads to decreased H19 expression in human hepatic
sinusoidal endothelial cells. Zhang et al.14 demonstrated that miR-
148b-3p inhibits the pro-angiogenic phenotype of endothelial cells.
Hence, we hypothesized that miR-148b-3p contributes to the effect
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Figure 1. ICA suppressed ox-LDL-induced EndMT in HUVECs

(A–E) Expression levels of CD31, VE-cadherin, a-SMA, and S100A4 in HUVECs exposed to 200 mMox-LDL or ox-LDL+10 mM ICA, determined using western blotting. ##p <

0.01 versus control group; **p < 0.01 versus ox-LDL group; n = 3. Measurement data are expressed as mean ± SD. ICA, icariin; ox-LDL, oxidized low-density lipoprotein;

EndMT, endothelial-mesenchymal transition; HUVEC, human umbilical vein endothelial cell.
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of H19 in AS. E74-like factor 5 (ELF5) plays a vital role in cell differ-
entiation and tissue formation.15,16 Moreover, ELF5 inhibits EndMT,
and miR-148b-3p was predicted to bind to the ELF5 30 UTR. In the
present study, we investigated the role of H19, miR-148b-3p, and
ELF5 in oxidized low-density lipoprotein (ox-LDL)-induced AS in
human umbilical vein endothelial cells (HUVECs).

RESULTS
ICA suppressed ox-LDL-induced EndMT in HUVECs

To verify the effects of ICA on ox-LDL-induced EndMT in HUVECs,
we treated HUVECs with ox-LDL or ox-LDL+ICA. Specific proteins
of endothelial cells (such as vascular endothelial cadherin [VE-cad-
herin] and CD31) and specific proteins of mesenchymal cells (such
as a-smooth muscle actin [a-SMA] and S100A4) were detected using
western blot analysis. As shown in Figure 1, ICA inhibited the expres-
sion of specific proteins in mesenchymal cells (a-SMA and S100A4)
and upregulated the expression of specific proteins in endothelial cells
(VE-cadherin and CD31).

ICA promoted ox-LDL-induced H19 expression in HUVECs

Our previous research has confirmed that ICA increases the expres-
sion of H19 in ApoE�/�mouse arteries. In order to explore the mech-
anism of ICA-induced inhibition of EndMT further, we studied the
effects of ICA on EndMT-related molecules. The data showed that
H19 expression was markedly decreased in HUVECs stimulated us-
ing ox-LDL. However, ICA increased the expression of H19 in HU-
VECs exposed to ox-LDL (Figure 2A). To further examine the role
of H19 in EndMT, we modified H19 expression using pLVX-H19
and short hairpin RNA (shRNA) against H19 sh-H19 (Figure 2B).
Our data indicated that H19 overexpression inhibited EndMT, as evi-
denced by enhanced VE-cadherin and CD31 expression and downre-
gulated the expression of a-SMA and S100A4. In contrast, sh-H19
promoted EndMT, as evidenced by enhanced a-SMA and S100A4
expression and downregulated expression of VE-cadherin and
CD31 (Figures 2C–2G). In themeantime, wound-healing (Figure 2H)
and transwell assays (Figure 2I) proved that H19 overexpression
reduced the migration of HUVECs and that sh-H19 reversed this ef-
fect. These results suggested that the aberrant expression of H19 was
involved in ox-LDL-induced EndMT of HUVECs.

H19 knockdown attenuated EndMT inhibition by ICA

We further explored whether H19 is involved in EndMT inhibition by
ICA. The results showed that ICA inhibited EndMT, as evidenced by
enhanced VE-cadherin and CD31 expression, and downregulated the
expression of a-SMA and S100A4 (Figures 3A–3E), as well as reduced
the migration ability of HUVECs (Figures 3F and 3G), while H19
knockdown reversed the inhibitory effect of ICA on EndMT. These
findings revealed that H19 played a crucial role in the inhibition of
EndMT by ICA.

ICA regulated miR-148b-3p and ELF5 expression in HUVECs by

upregulating H19

We also demonstrated that the upregulation of miR-148b-3p expres-
sion (Figure 4A) and reduction of ELF5 expression at the mRNA and
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Figure 2. ICA promoted ox-LDL-induced H19 expression, and H19 affected EndMT in HUVECs

(A) The expression of H19 in HUVECs in control, ox-LDL, or ox-LDL+ICA groups was detected using quantitative real-time PCR. (B) Following transfection with recombinant

H19 plasmids or sh-H19, the expression of H19was detected using quantitative real-time PCR. (C–G) The expression of CD31, VE-cadherin, a-SMA, and S100A4 in ox-LDL-

treated HUVECs was determined using western blot analysis. (H) Transwell assays were used to assess the migration capacity of HUVECs incubated for 24 h. (I) HUVECs

were incubated for 24 h and subjected to a wound-healing assay to assess cell migration. Images were acquired at 0 and 24 h. *p < 0.05, **p < 0.01 versus pLVX-negative

control (NC) group; #p < 0.05, ##p < 0.01 versus sh-NC group; n = 3. Measurement data are expressed as mean ± SD. Scale bars, 100 mm.
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protein levels (Figures 4B and 4C) in HUVECs treated with ox-LDL
were reversed by ICA. Hence, we next aimed to estimate whether H19
regulates the expression of miR-148b-3p and ELF5. The results
demonstrated that low expression of H19 caused a significant increase
in miR-148b-3p expression (Figures 4D and 4E) and resulted in ELF5
downregulation (Figures 4F and 4G), while ICA led to a contrary
effect.
466 Molecular Therapy: Nucleic Acids Vol. 23 March 2021
H19 positively regulated the expression of ELF5 by regulating

miR-148b-3p transcription

Bioinformatic analyses predicted that H19 and miR-148b-3p targeted
each other, but the role of miR-148b-3p in AS was not confirmed.
More importantly, bioinformatics-based prediction showed that
miR-148b-3p could bind to ELF5 (a key transcription factor in
EndMT), a member of the E26 transformation-specific (ETS)



Figure 3. H19 knockdown attenuated the inhibitory effect of ICA on EndMT

(A–E) Western blot analysis was performed to detect the expression of CD31, VE-cadherin, a-SMA, and S100A4 in HUVECs. (F and G) Transwell (F) and wound-healing

assays (G) were used to assess cell migration in HUVECs treated with ox-LDL with or without ICA for 24 h. #p < 0.05, ##p < 0.01 versus control group; *p < 0.05, **p < 0.01

versus ox-LDL group; Dp < 0.05, DDp < 0.01 versus ox-LDL+ICA+sh-NC group; n = 3. Measurement data are expressed as mean ± SD. Scale bars, 100 mm.
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transcription factor family with epithelial specificity, and the deletion
of ELF5 might lead to EndMT. Thus, it was hypothesized that H19,
miR-148b-3p, and ELF5 might form an axis that modulates EndMT
in AS. We performed dual-luciferase reporter assays and found that
the miR-148b-3p mimic significantly reduced H19- and ELF5 30

UTR-dependent luciferase activity but did not influence the luciferase
activity of the mutant reporter (Figures 5A and 5B). Notably, H19
overexpression decreased the expression of miR-148b-3p (Figure 5C)
and upregulated ELF5 mRNA (Figure 5D) and protein expression
(Figure 5E) while inhibiting H19-upregulated miR-148b-3p and
H19-downregulated ELF5 expression, indicating that H19 regulated
the transcription of miR-148b-3p to positively modulate ELF5
expression level in HUVECs. However, abnormal expression of
miR-148b-3p inhibited H19-induced depletion of miR-148b-3p (Fig-
ure 5F) and ELF5 upregulation (Figures 5G and 5H). These data re-
vealed that H19 could function as an endogenous miR-148b-3p
sponge that regulated ELF5 expression.

ICA repressed EndMT by regulating the H19/miR-148b-3p/ELF5

axis

We then verified whether the inhibitory effect of ICA on EndMT was
achieved through the H19/miR-148b-3p/ELF5 axis. We investigated
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Figure 4. ICA regulated ox-LDL-mediated miR-148b-3p and ELF5 expression in HUVECs by upregulating H19

(A–C) miR-148b-3p (A) as well as ELF5mRNA (B) and protein (C) expression levels in HUVECs in control and ox-LDL (with or without ICA) groups. #p < 0.05, ##p < 0.01 versus

control group; *p < 0.05, **p < 0.01 versus ox-LDL group; n = 3. (D–G) H19 (D), miR-148b-3p (E), and ELF5mRNA (F) and protein (G) expression levels in HUVECs transfected

with vector (sh-NC) and sh-H19, together with ICA treatment. ##p < 0.01 versus sh-NC group; *p < 0.05, **p < 0.01 versus sh-H19 group; n = 3. Measurement data are

expressed as mean ± SD.
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themechanismbywhichmiR-148b-3p regulated EndMTdevelopment.
As presented in Figures 6A–6G,H19 upregulation inhibited EndMT, as
evidenced by elevated VE-cadherin and CD31 expression and downre-
gulated expression of a-SMA and S100A4, and reduced the migration
ability of HUVECs, while the miR-148b-3p mimic restored the related
protein expression and migration of HUVECs. Finally, we investigated
the role of ELF5 in EndMT. As shown in Figures 7A–7J, ELF5 knock-
down partly reversed the inhibitory effect of H19 on EndMT. These re-
sults showed that H19 negatively regulated miR-148b-3p expression to
inhibit EndMT of HUVECs by upregulating ELF5.

ICA inhibited the activation of TGF-b by regulating H19

expression to suppress EndMT

Transforming growth factor-b (TGF-b) plays a key role in EndMT and
is mainly involved in regulating cell proliferation and differentiation. In
our present study, we explored whether ICA affects the expression of
TGF-b via the H19 axis to inhibit EndMT. The results showed that
ICA inhibited TGF-b expression, which was increased by ox-LDL,
while H19 knockdown restored TGF-b expression (Figure 8A). To
further clarify the role of TGF-b in EndMT, we added galunisertib
(TGF-b receptor inhibitor) to the cells, and our data showed that galu-
nisertib significantly inhibited the expression of TGF-b and reversed
the promoting effect of sh-H19 on EndMT, as evidenced by the upre-
gulated expression of VE-cadherin and CD31 and downregulated
expression of a-SMA and S100A4 (Figures 8B–8G).

DISCUSSION
Cardiovascular disease is a major threat to human health with high
morbidity and mortality worldwide, and AS is an important patho-
468 Molecular Therapy: Nucleic Acids Vol. 23 March 2021
logical process leading to coronary atherosclerotic heart disease.
Therefore, research aimed at regulating the progression of AS is of
great significance for preventing and treating cardiovascular disease.
Recent studies have found that EndMT plays a key role in regulating
endothelial function and the development and structural remodeling
of the myocardium, blood vessels, and valves, suggesting that it has
important research significance in the field of cardiovascular diseases.

EndMT is a biological process in which endothelial cells are stimu-
lated by external factors to change their characteristics and gain a
mesenchymal cell or myofibroblast phenotype and express mesen-
chymal cell proteins.17–19 EndMT can lead to plaque calcification,
fibrous cap thinning, and increased plaque instability.20 Researchers
have always thought that the cells in the plaque are composed of mac-
rophages, smooth muscle cells, and foam cells, which are formed after
these cells engulf lipids. Recent studies have observed endothelial cells
that undergo EndMT in the plaque.4,21 This transitionmay be because
the endothelial cells that undergo EndMT exhibit the migration prop-
erties of mesenchymal cells. Therefore, these cells pass through the
arterial intima and enter the AS plaque and cooperate with other cells
to promote plaque formation in the diseased part of AS. Unstable pla-
que may pose a serious threat to the patient’s life. If a plaque is unsta-
ble, it will rupture, form a thrombus, and block arteries, causing
myocardial infarction and unstable angina pectoris. Therefore, con-
trolling plaque stability is an important way to prevent adverse car-
diovascular events. Through the detection of different types of plaque
fiber cap thickness and the number of endothelial cells that under-
went EndMT in the plaque, Evrard et al.3 found that the existence
of the two was negatively correlated; that is, the higher the number



Figure 5. H19 positively regulated the ELF5 expression by sponging miR-148b-3p

(A and B) The relative luciferase activity in 293T cells co-transfected with miR-148b-3p mimic, NC, and wild-type mimics, or mutant (Mut) vector plasmids of H19 (A) or the

ELF5 30 UTR (B). **p < 0.01 versus miR-NC group; n = 3. (C–E) miR-148b-3p (C) as well as ELF5 mRNA (D) and protein (E) expression levels in HUVECs transfected with

pLVX-H19, sh-H19, or their NCs. **p < 0.01 versus pLVX-NC group; ##p < 0.01 versus sh-NC group; n = 3. (F–H) miR-148b-3p (F) as well as ELF5 mRNA (G) and protein (H)

expression levels in HUVECs co-transfected with vector or H19 and NCmimic or miR-148b-3p mimic. **p < 0.01 versus pLVX-NC+miR-NC group; ##p < 0.01 versus pLVX-

H19+miR-NC group; n = 3. Measurement data are expressed as mean ± SD.
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of EndMT endothelial cells in the plaque, the worse the stability.
EndMT may be a key link in the prevention and treatment of AS.
Cheng et al.22 found that knocking out wnt7 could promote AS calci-
fication and that this effect is related to the upregulation of EndMT in
human aortic endothelial cells. Hyperlipidemia is a key factor in the
formation of AS, and studies have shown that ox-LDL promotes
EndMT of human aortic endothelial cells and damages endothelial
cell function.23

As one of the main active compounds of Epimedium, ICA reportedly
demonstrates an anti-AS effect. ICA delays the progression of AS by
inhibiting biological processes, such as oxidative damage, immune
response, and chemotaxis.24–28 Wang and Huang29 found that ICA
reduces oxidative stress damage in endothelial cells. Xiao-Hong
et al.30 confirmed that ICA reduces the level of reactive oxygen species
and delays endothelial cell senescence induced by homocysteine. To
date, few studies have examined the underlying role of ICA in AS.
Our current study showed that ICA could inhibit ox-LDL-induced
EndMT, thereby supporting the hypothesis that ICA exerts an endo-
thelial protective effect in vitro.

lncRNAs play an important role in regulating endothelial cells, mac-
rophages, vascular smooth muscle cells, vascular inflammation, and
lipid metabolism. In recent years, studies have provided strong evi-
dence that non-coding RNAs play vital roles in the occurrence and
development of AS.10 H19 was the first lncRNA to be discovered.
H19 is an imprinted gene with paternal imprinting characteristics
that can selectively express maternal alleles. Studies have shown
Molecular Therapy: Nucleic Acids Vol. 23 March 2021 469
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Figure 6. miR-148b-3p overexpression reversed H19-mitigated EndMT in ox-LDL-treated HUVECs

Cells were transfected with H19 plasmids or miR-148b-3p mimic and exposed to ox-LDL. (A–E) After that, the expression levels of CD31, VE-cadherin, a-SMA, and

S100A4 in HUVECs were determined using western blot analysis. (F and G) Cell migration capacity was measured using wound-healing (F) and transwell assays (G). *p <

0.05, **p < 0.01 versus pLVX-NC+miR-NC group; #p < 0.05, ##p < 0.01 versus pLVX-H19+miR-NC group; n = 3. Measurement data are expressed as mean ± SD. Scale

bars, 100 mm.
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that H19 is highly expressed in various tumors and is closely related to
tumor metastasis and prognosis.31,32 However, H19 has different ef-
fects on different diseases, and the mechanism is also different. It is
regulated by multiple factors. Conigliaro et al.33 found that H19 could
be released by CD90+ hepatocytes in the form of exosomes. The
released H19 induces the upregulation of angiogenesis-related genes,
such as VEGF, VEGFR, and ICAM in HUVECs. The results of our
current study revealed that HUVECs exposed to ox-LDL had lower
levels of H19. ICA promoted H19 expression in HUVECs. Further-
more, we found that low expression of H19 could reverse ICA-
induced EndMT inhibition. These findings revealed the involvement
of H19-mediated signaling in the regulation of EndMT as an under-
lying mechanism for the endothelial protective action of ICA.

Usually, lncRNAs are used as competing endogenous RNAs (ceR-
NAs) to regulate microRNAs (miRNAs) competitively, thereby regu-
lating the expression of miRNA target genes.34,35 To further explore
the molecular mechanism of H19 function, we used bioinformatics-
based prediction and functional assays and discovered that H19 could
directly interact with miR-148b-3p and function as a ceRNA to regu-
late the expression of ELF5. miR-148b-3p is a non-coding small RNA
highly abundant in cells. It regulates many physiological processes
and has potential therapeutic significance for many diseases,
including cancer and inflammation. Du et al.36 previously confirmed
that inhibition of miR-148b-3p alleviates oxygen-glucose depriva-
tion/reoxygenation-induced apoptosis and oxidative stress in HT22
hippocampal neurons. The ETS transcriptional regulator was discov-
ered by the Frederick National Cancer Institute in the United States.
The ETS transcription factor family plays an important role in various
physiological processes, including cell proliferation and differentia-
tion, migration and apoptosis, angiogenesis, and organ formation.
Previous research has shown that ELF5 inhibits TGF-b-driven
EndMT in prostate cancer by repressing SMAD3 activation.37 Our
current study revealed that ICA suppressed EndMT in HUVECs by
inhibiting miR-148b-3p expression and enhancing ELF5 expression.
A dual-luciferase reporter experiment confirmed that H19 could
directly interact with miR-148b-3p and function as a ceRNA to regu-
late the expression of ELF5 in HUVECs.We further explored whether
miR-148b-3p and ELF5 were involved in EndMT in ox-LDL-stimu-
lated AS. In addition, we also confirmed that ICA inhibited the acti-
vation of TGF-b, which is essential for EndMT, through the H19 axis.
In accordance with our hypothesis, miR-148b-3p upregulation and
ELF5 knockdown antagonized the H19-mediated inhibition of
EndMT, which might be a critical molecular mechanism involved
in ox-LDL-induced EndMT.

In conclusion, our results verified that H19 plays a protective role by
regulating EndMT, while ICA exerts protective effects in ox-LDL-
Figure 7. ELF5 downregulation reversed H19-mitigated EndMT in ox-LDL-trea

Cells were transfected with H19 plasmids or si-ELF5 and exposed to ox-LDL. (A–H) Afte

in HUVECs were determined using western blot analysis or quantitative real-time PCR. (

assays (J). *p < 0.05, **p < 0.01 versus pLVX-NC+si-NC group; #p < 0.05, ##p < 0.01 vers

Scale bars, 100 mm.
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stimulated HUVECs. We also determined the mechanisms down-
stream of H19, including miR-148b-3p/ELF5, which may serve as a
promising therapeutic strategy for AS. However, the role and mech-
anism of H19 in AS still need to be further explored in animal models.

MATERIALS AND METHODS
Cell culture

HUVECs were cultured in endothelial cell culture medium (Ham’s F-
12K) (CM0122, Procell Life Science and Technology,Wuhan, China),
containing 10% fetal bovine serum, 0.05 mg/mL endothelial cell
growth supplement, 0.1 mg/mL heparin, and 1% penicillin/strepto-
mycin at 37�C in a 5% CO2 atmosphere.

Cell treatment

HUVECs were exposed to 200 mg/mL ox-LDL only (Yiyuan Biotech-
nology, Guangzhou, China), ox-LDL and 10 mM ICA (Weiqi Biotech-
nology, Sichuan, China), or ox-LDL and 10 mM ICA and galunisertib
(lot no. 63191, MedChemExpress, Shanghai, China) for 24 h.

Cell transfection

lncRNA H19 overexpression (pLVX-H19), sh-H19, and empty vec-
tors (pLVX-negative control [NC], sh-NC) were prepared by LandM
Biotechnology (Guangzhou, China). miR-148b-3p mimics, miRNA
NC (miR-NC), and si-ELF5 were prepared by GenePharma Technol-
ogy (Jiangsu, China). HUVECs were seeded in 24-well plates and
transfected according to the manufacturer’s instructions.

Wound-healing assay

Cells in the logarithmic growth phase were seeded in six-well plates,
and the cell density was adjusted to 4 � 105 cells/mL. Cells were
cultured in a CO2 incubator with 5% CO2 at 37�C for 24 h. After
forming a single layer of fusion, scratches were introduced, and
they were rinsed with phosphate-buffered saline three times to re-
move suspended cells. Then, the cells were continuously cultured in
serum-free medium for 24 h, imaged using an optical microscope
(Olympus, Beijing, China), and the scratch width at the same position
was recorded. ImageJ software was used tomeasure the scratch area at
different times.

Transwell assay

Cells were digested and the culture medium was discarded. Then, a
serum-free medium containing bovine serum albumin (BSA) was
used to resuspend the cells. In detail, 500 mL of the endothelial cell cul-
ture medium was added to the lower chamber. Then, 4% paraformal-
dehyde was added for fixation at 20�C–25�C for 15 min, and 0.1%
crystal violet solution was used at the same temperature for 10 min
after air-drying. Eventually, the cells within the upper chamber
ted HUVECs

r that, the expression levels of H19, ELF5, CD31, VE-cadherin, a-SMA, and S100A4

I and J) Cell migration capacity was measured using wound-healing (I) and transwell

us pLVX-H19+si-NC group; n = 3. Measurement data are expressed asmean ± SD.



Figure 8. ICA inhibited the expression of TGF-b through H19, and galunisertib reversed the promoting effect of sh-H19 on EndMT

(A) Cells were transfected with sh-H19 and exposed to ox-LDL (with or without ICA); western blot analysis was performed to detect the expression of transforming growth

factor-b (TGF-b) in HUVECs. (B–G) After adding galunisertib, the expression of TGF-b, CD31, VE-cadherin, a-SMA, and S100A4 in HUVECs was also determined using

western blot analysis. #p < 0.05, ##p < 0.01 versus control group; *p < 0.05, **p < 0.01 versus ox-LDL group; Dp < 0.05, DDp < 0.01 versus ox-LDL+ICA group; Vp < 0.05,
VVp < 0.01 versus ox-LDL+ICA+sh-H19 group; &p < 0.05, &&p < 0.01 versus ox-LDL+ICA+sh-NC group; n = 3. Measurement data are expressed as mean ± SD.
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were removed with a cotton swab, and the number of cells in the lower
chamber was examined in five random image fields.

Luciferase reporter assay

The chemically synthesized H19 and the 30 UTR of the ELF5 fragment
containing the miR-148b-3p binding site and mutated binding site
were cloned into the psiCHECK-2 luciferase vector. Transfection
was performed using a Lipofectamine 2000 kit (Invitrogen, Carlsbad,
CA, USA), according to the manufacturer’s instructions, and the re-
combinant reporter vector and miR-148b-3p mimic or NC mimic
were co-transfected into 293T cells (American Type Culture Collec-
tion [ATCC], Manassas, VA, USA). After transfection for 48 h, the
luciferase activity of the samples was detected using the Dual-Lucif-
erase reporter assay system (Promega, Madison, WI, USA).
Western blot analysis

Lysates of cells were prepared as representatives of total protein ex-
tracts. The protein extracts were centrifuged at 12,000 � g for
15 min, and the supernatant was collected. Then, the bicinchoninic
acid (BCA) protein assay kit (lot no. B68010, Yeasen Biotech,
Shanghai, China) was used to detect the protein content. After that,
the samples were boiled with 5� sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) loading buffer to denature
the proteins. Proteins were separated by 10% SDS-PAGE, and the
protein amount in each lane was 40 mg. The proteins were then trans-
ferred onto polyvinylidene fluoride (PVDF) membranes and incu-
bated with TBST containing 5% BSA for 1 h at 20�C–25�C. The
PVDF membranes were probed overnight with CD31 (lot no.
3528S, Cell Signaling Technology, Danvers, MA, USA), VE-cadherin
Molecular Therapy: Nucleic Acids Vol. 23 March 2021 473
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(lot no. 2500S, Cell Signaling Technology), a-SMA (lot no. 19245S,
Cell Signaling Technology), S100A4 (lot no. 13018S, Cell Signaling
Technology), and TGF-b (lot no. A18692, ABclonal Biotech, Wuhan,
China) primary antibodies at 4�C. After washing three times with
TBST, the membranes were incubated with horseradish peroxidase
(HRP)-labeled secondary antibody (dilution ratio of 1:5,000, lot no.
33101ES60, Yeasen Biotech) for 1 h at 20�C–25�C. Afterward,
enhanced chemiluminescence (ECL) reagent (Absin Biotech,
Shanghai, China) was added to the membranes, which were then
incubated for 5 min in the dark. Images of the bands were taken using
a Tanon imaging system (Bioscience Biotech, Beijing, China). ImageJ
software (Bio-Rad, Hercules, CA, USA) was used to analyze the gray
value of each protein band and calculate the relative ratio by
comparing each band intensity with that of the internal reference
(GAPDH).

Quantitative real-time polymerase chain reaction (PCR)

After the cells were treated with different factors, the mediumwas dis-
carded, and the total RNA was extracted using a general total RNA
rapid extraction kit (R1051, Dongsheng Biotech, Guangzhou, China).
The content and purity were determined using ultraviolet spectro-
photometry (Purkinje General Instrument, Beijing, China). cDNA
was synthesized using an All-in-One first-strand cDNA synthesis
kit (N20726, TransGen Biotech, Beijing, China) or a miRNA first-
strand cDNA synthesis kit (N10824, TransGen Biotech). Quantitative
real-time PCR was performed using an all-in-one qPCR mix kit
(N10426, TransGen Biotech). GAPDH and U6 were used as endoge-
nous references. The sequences of primers for quantitative real-time
PCR are shown in Table S1. The relative expression was calculated us-
ing the 2�DDCt method.

Statistical analysis

Experimental data are presented as the mean ± standard deviation
(SD). Statistical differences between groups were analyzed using the
Student’s t test. GraphPad Prism 7.0 software was used for statistical
analysis. p <0.05 indicated statistically significant differences.
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