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A B S T R A C T

Oxidized-low density lipoprotein (ox-LDL)-induced endothelial cell dysfunction is a crucial event in the pa-
thogenesis of atherosclerosis (AS). Long noncoding RNAs (lncRNAs) have been shown to play important roles in
this process. The purpose of this study was to investigate the biological effects of lncRNA H19 on the ox-LDL-
induced endothelial cell injury and to explore the underlying molecular mechanisms. In the present study, the
expression of H19 in the serum of patients with AS and in the ox-LDL-treated human umbilical vein endothelial
cells (HUVECs) was significantly up-regulated. H19 knockdown by transfection with H19 siRNAs in ox-LDL-
treated HUVECs remarkably promoted cell viability, suppressed the secretion of interleukin (IL)-1β, IL-6, and
tumour necrosis factor (TNF)-α, decreased the expression of vascular cell adhesion molecule 1 (VCAM1), in-
tercellular adhesion molecule 1 (ICAM1) and E-selectin, reduced levels of reactive oxygen species (ROS) and
malondialdehyde (MDA), increased superoxide dismutase (SOD) levels, and reduced cell apoptosis. Moreover,
H19 knockdown significantly down-regulated the ox-LDL-induced expression of periostin, but did not affect the
expression of let-7a, which directly targets the 3′-UTR of periostin mRNA. In addition, periostin overexpression
partly reversed the biological effects of H19 knockdown in ox-LDL-treated HUVECs, which were almost re-
capitulated by let-7 overexpression. In conclusion, these data suggest that H19 knockdown suppressed ox-LDL-
induced inflammation, apoptosis and oxidative stress in HUVECs, which may be related to the down-regulation
of periostin by interfering with let-7 bioavailability.

1. Introduction

Atherosclerosis (AS) is a multistep cardiovascular disease that is
promoted by several risk factors, such as hypertension, hyperglycaemia,
hyperlipidaemia, smoking and drinking [1]. Endothelial cell injury has
been reported to be a key early event in the pathogenesis of AS, which is
a complex process that includes apoptosis, inflammation, and oxidative
stress [2,3]. Previous studies have shown that oxidized low-density li-
poprotein (ox-LDL) is an important factor in the occurrence and de-
velopment of AS, and there is an obvious increase in ox-LDL in the
lesions of AS [4]. In the early stage of AS, ox-LDL promotes the for-
mation of foam cells, and releases a large number of inflammatory
factors, which further aggravates the course of AS [5,6]. Therefore,
studies targeting ox-LDL-induced endothelial cell injury can further
elucidate the pathogenesis of AS.

LncRNAs are transcripts longer than 200 nucleotides, which play

important roles in various biological and pathological processes by in-
teracting with multiple molecules, including DNA, RNA, and proteins
[7]. H19, as an lncRNA, has been shown to act either as a tumour
suppressor or oncogene, being involved in the development of multiple
cancers [8,9]. In recent years, it has been found that H19 can also
participate in the regulation of cardiovascular diseases, such as diabetic
cardiomyopathy [10] and even AS [11]. However, the mechanisms of
action of H19 in AS need more detailed explanations. MiRNAs are a
class of 18–22 nucleotides long, non-coding RNAs, which have been
identified as negative regulators of gene expression at the post-tran-
scriptional level [12]. It has been reported that H19 harbours both
canonical and non-canonical binding sites for the let-7 family of mi-
croRNAs, which plays important roles in regulating inflammation in
diabetes-associated AS [13]. H19 acts as a molecular sponge to mod-
ulate let-7 availability [14]. Therefore, we speculated that H19 may
modulate ox-LDL-induced endothelial cell injury by interacting with
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let-7.
MiRNAs are incorporated into the RNA-induced silencing complex

and bind to the seed sequence in the 3′-untranslated regions (3′-UTRs)
of their target mRNAs to silence gene translation viamRNA degradation
and/or translational repression. Periostin was shown to be a target gene
of let-7. Periostin is a 90-kDa secreted matricellular protein that can
alter extracellular matrix (ECM) remodelling in response to tissue in-
jury. The dysregulation of periostin has been involved in a variety of
disorders, including cancers [15,16], inflammatory diseases [17,18]
and cardiovascular diseases [19,20]. One study has proved that peri-
ostin acts as a regulator of AS lesion formation and progression, sug-
gesting that periostin could be a therapeutic target for AS plaque for-
mation through modulation of the immune response and ECM
remodelling [21]. Thus, we speculated that the H19/let-7/periostin axis
may play a crucial role in ox-LDL-induced endothelial cell injury.

In the present study, we aimed to investigate the effects of H19 in
ox-LDL-treated endothelial cells by assessing cell viability, apoptosis,
inflammatory factor secretion and oxidative stress, and to further in-
vestigate whether the action of H19 was associated with the let-7/
periostin axis.

2. Materials and methods

2.1. Patients

Twenty serum samples from patients with AS and 20 serum samples
from healthy volunteers were collected at Weihai Municipal Hospital.
Informed consent was obtained from all patients and healthy volun-
teers. The study was approved by the ethics committee of Weihai
Municipal Hospital.

2.2. Cell culture and treatment

Human umbilical vein endothelial cells (HUVECs, Cat. No.: CRL-
1730) were purchased from American Type Culture Collection (ATCC,
Manassas, Virginia, USA), and they were used in the main text. Primary
human umbilical vein endothelial cells (HUVECs, Cat. No.: PCS-100-
010) and HUVEC/TERT 2 (Cat. No.: CRL-4053) were purchased from
ATCC, and they were used in supplementary materials. HUVECs are
cells derived from the endothelium of veins from the umbilical cord.
They are used as a laboratory model system for study of the function
and pathology of endothelial cells [22]. They were cultured in DMEM
(Invitrogen, Carlsbad, CA, USA) supplemented with 10% foetal bovine
serum (Sigma-Aldrich, St. Louis, MO, USA), 100 U/ml penicillin and
100 μg/ml streptomycin. Cells were cultured in a humidified atmo-
sphere containing 5% CO2 at 37 °C. HUVECs were treated with 100 μg/
ml ox-LDL for 12 h, 18 h and 24 h for the subsequent experiments.

2.3. Cell transfection

H19 siRNAs and siRNA negative control (si-NC), let-7a mimics and
mimic negative control (mimic-NC) were purchased from GenePharma
(Shanghai, China). PcDNA3.1-periostin plasmids were constructed by
Sangon Biotech (Shanghai, China). The transfection was performed
using Lipofectamine 2000 (Invitrogen) when the cells reached 70%
confluence according to the manufacturer's instructions.

2.4. Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from serum samples and cells using Trizol
reagent according to the manufacturer's guidelines. RNA was reverse
transcribed into cDNA using a Prime-Script RT-PCR kit (TaKaRa,
Dalian, China). The expression of H19 and periostin was analysed by
using SYBR Premix Ex Taq kit (Takara), and GAPDH was used as an
endogenous control. The expression of let-7 was analysed by using
TaqMan microRNA assays (Applied Biosystems, Foster City, CA, USA),

and U6 was used as an endogenous control. qRT-PCR was performed on
an HT7900 Real-Time PCR System (Applied Biosystems). The relative
expression was calculated using the 2−ΔΔCt method.

2.5. Cell viability assay

The cell viability was detected by MTT assay. Briefly, the HUVECs
were cultured in 96-well plates. After cell transfection followed by ox-
LDL treatment for 24 h, 10 μl of MTT solution (Millipore, Billerica, MA,
USA) was added to each well, followed by incubation for 4 h. Then
150 μl of DMSO was added to dissolve for 15min. Optical density was
measured at 490 nm using a microplate reader.

2.6. Enzyme-linked immunosorbent assay (ELISA)

Levels of interleukin (IL)-1β, IL-6, tumour necrosis factor (TNF)-α of
cell culture supernatants were determined by ELISA (Beyotime
Biotechnology, Shanghai, China) following the manufacturer's instruc-
tions.

2.7. Western blot analysis

Total protein was extracted from cells using RIPA buffer containing
protease and phosphatase inhibitors. Protein concentration was quan-
tified using the BCA protein assay kit (Pierce, Rockford, IL, USA). Then,
the protein samples were separated by SDS-PAGE and transferred onto
polyvinylidene difluoride (PVDF) membranes (Millipore). After
blocking with 5% non-fat milk at room temperature, the membranes
were incubated with primary antibodies at 4 °C overnight: anti-VCAM1
(Abcam, Cambridge, MA, USA), anti-ICAM1 (Abcam), anti-E-selectin
(Sigma-Aldrich, Saint Louis, MI, USA), anti-p-p65 (Cell Signaling
Technology, Danvers, MA, USA), anti-p-IκB-α (Cell Signaling
Technology), anti-Nrf2 (Cell Signaling Technology), anti-HO-1 (Cell
Signaling Technology), anti-cleaved Caspase-3 (Cell Signaling
Technology), anti-periostin (Abcam) and anti-GAPDH (ZSGB-BIO,
Beijing, China), followed by incubation with horseradish peroxidase-
conjugated secondary antibodies (ZSGB-BIO) at room temperature for
1 h. Signals were detected using ECL reagent (Millipore), and the re-
lative intensities of protein blots were quantified using Image J soft-
ware.

2.8. ROS measurement

Reactive oxygen species (ROS) levels were determined by 2,7-di-
chlorodihydrofluorescein diacetate probes (DCHF-DA, Beyotime
Biotechnology). DCHF-DA can be oxidized to the fluorescent 2,7-di-
chlorofluorescein (DCF). Briefly, cells were incubated with 10 μM
DCHF-DA for 20min and then analysed by flow cytometry.

2.9. Measurement of SOD and MDA levels

The production of malondialdehyde (MDA) and superoxide dis-
mutase (SOD) was determined by commercial kits (Jiancheng Biotech,
Nanjing, China) according to the manufacturer's guidelines.

2.10. Apoptosis analysis

Cellular apoptosis was determined using the Annexin V-FITC/PI
apoptosis detection kit (Jiancheng Biotech). HUVECs were seeded in 6-
well plates. After cell transfection followed by ox-LDL treatment for
24 h, the cells were washed in PBS and resuspended in binding buffer.
Then the cells were labelled with Annexin V-FITC and PI at room
temperature in the dark for 20min. The apoptosis rates were analysed
using a FACSCalibur (Becton Dickinson, San Jose, CA, USA) within 1 h.
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2.11. Dual-luciferase reporter assay

The 3′-UTR fragment of periostin containing the let-7a binding site
was amplified by PCR using human cDNA as a template, and then
cloned into a psiCHECK2 vector opened with XhoI and NotI, and named
psiCHECK2-periostin. Mutations in the 3′-UTR of periostin with let-7a
target site were generated with the QuickChange Site-Directed
Mutagenesis kit (Stratagene, La Jolla, CA, USA), and named
psiCHECK2-periostin mut. HUVECs were seeded into 48-well plates,
and co-transfected the indicated luciferase reporter and let-7a mimic or
mimic-NC using Lipofectamine 2000. Forty-eight hours after transfec-
tion, the luciferase activities were measured using the Dual-Luciferase
Reporter Assay (Promega, Madison, WI, USA) according to the manu-
facturer's protocol. Renilla luciferase (Rluc) activity was normalised
against Firefly luciferase activity.

2.12. Statistical analysis

All experiments were performed at least in triplicate. The statistical
analysis was performed using GraphPad Prism software. Data are pre-
sented as the mean ± standard deviation (SD). Comparisons between 2
groups were analysed by the t-test, and comparisons between> 2
groups were analysed by one-way analysis of variance followed by the
Bonferroni test. p < 0.05 was considered to be statistically significant.

3. Results

3.1. H19 was up-regulated in AS patients and ox-LDL-induced HUVECs

We first examined the expression of H19 in the serum of AS patients
and normal controls. As shown in Fig. 1A, the H19 expression in AS
patients was significantly (p < 0.05) up-regulated compared with that
in the normal controls. We further treated HUVECs with ox-LDL to in-
duce endothelial cell injury, as shown in Fig. 1B; the H19 expression
was gradually increased in a time-dependent manner. To investigate the

effects of H19 in the ox-LDL-treated HUVECs, we used H19 siRNAs to
knockdown its expression (Fig. 1C). The cell viability analysis showed
that, compared with the untreated group, ox-LDL treatment induced a
significant reduction (p < 0.05); H19 knockdown markedly
(p < 0.05) elevated the cell viability compared with the ox-LDL group
(Fig. 1D).

3.2. H19 knockdown suppressed ox-LDL-induced inflammation

To investigate the effects of H19 in the ox-LDL-treated HUVECs, we
first measured the expression levels of inflammatory cytokines by ELISA
and Western blot. As shown in Fig. 2A–C, compared with the untreated
group, ox-LDL treatment induced increased levels of IL-1β, IL-6, TNF-α,
which were significantly (p < 0.05) suppressed by the knockdown of
H19. Similar results were obtained in two alternative HUVEC cell lines
(Supplementary Fig. 1 and Fig. 2). We further measured the protein
levels of adhesion molecules, the data are shown in Fig. 2D–G. H19
knockdown markedly (p < 0.05) suppressed the ox-LDL-induced in-
creased expression of VCAM1, ICAM1 and E-selectin. Moreover, we
detected the protein levels related with classical NF-κB inflammatory
signaling. As shown in Fig. 2H and I, compared with untreated group,
the levels of p-p65 and p-IκB-α were obviously (p < 0.05) elevated in
the ox-LDL group. Compared with the ox-LDL group, the levels of p-p65
and p-IκB-α were significantly (p < 0.05) decreased in the si-
H19+ox-LDL group.

3.3. H19 knockdown suppressed ox-LDL-induced oxidative stress and cell
apoptosis

We further assessed the effects of H19 on the oxidative stress by
detecting the production levels of ROS, SOD and MDA. As shown in
Fig. 3A–C, ox-LDL treatment induced oxidative stress, including ele-
vated ROS and MDA levels, and decreased SOD level. Compared with
the ox-LDL group, H19 knockdown remarkably (p < 0.05) decreased
ROS and MDA levels, and inhibited the decline of SOD production

Fig. 1. H19 was up-regulated in AS patients and ox-
LDL-induced HUVECs. (A) The expression levels of
H19 in the serum of 20 pairs of AS patients and
normal controls were detected using RT-PCR and
normalised to GAPDH levels. (B) The HUVECs were
treated with 100 μg/ml ox-LDL for 12, 18 and 24 h.
The expression levels of H19 were detected using RT-
PCR. (C) Untreated group, normal cultured HUVECs;
ox-LDL group, HUVECs treated with ox-LDL for 24 h;
si-H19+ ox-LDL group, HUVECs transfected with
H19 siRNAs for 24 h, followed by treatment with ox-
LDL for 24 h; si-NC+ ox-LDL group, HUVECs trans-
fected with H19 siRNA negative control for 24 h,
followed by treatment with ox-LDL for 24 h. The
expression levels of H19 were detected using RT-
PCR. (D) The cell viability was examined by MTT
assay. n=4, *p < 0.05 vs. normal or untreated
group, #p < 0.05 vs. ox-LDL group.
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caused by ox-LDL treatment. Similar results were obtained in two al-
ternative HUVEC cell lines (Supplementary Fig. 1 and Fig. 2). The flow
cytometry analysis showed that, compared with the untreated group,
ox-LDL treatment significantly (p < 0.05) elevated the cell apoptosis,
which was suppressed by H19 knockdown (Fig. 3D and E). Further-
more, we measured the protein levels related with antioxidant Nrf2/
HO-1 signaling and cell apoptosis. As shown in Fig. 3F–H, compared
with the untreated group, the expression of Nrf2 and HO-1 was sig-
nificantly (p < 0.05) down-regulated, while the level of cleaved Cas-
pase-3 was remarkably (p < 0.05) up-regulated in the ox-LDL group.
H19 knockdown blocked the reduction of Nrf2 and HO-1 induced by ox-
LDL treatment, but down-regulated the increased level of cleaved
Caspase-3 caused by ox-LDL treatment.

3.4. H19 regulated periostin expression by antagonising let-7

As H19 has been reported to act as a “sponge” to sequester let-7
[14], and periostin was predicted to be a target gene of let-7, we
measured the expression levels of let-7a and periostin in ox-LDL-treated
HUVECs. As shown in Fig. 4A–C, ox-LDL treatment induced decreased
levels of let-7a, and increased mRNA and protein expression of peri-
ostin. Compared with the ox-LDL group, the expression of periostin was
significantly (p < 0.05) down-regulated in the si-H19+ox-LDL group;
however, the expression level of let-7a was not affected by H19
knockdown, suggesting that H19 may regulate periostin expression by

antagonising let-7 bioavailability. Similar results were obtained in two
alternative HUVEC cell lines (Supplementary Fig. 3 and Fig. 4). To
confirm the target relationship between let-7 and periostin, a dual-lu-
ciferase reporter assay was performed. As shown in Fig. 4D, the Rluc
activity decreased in response to let-7a overexpression in the HUVECs
containing psiCHECK2-periostin; and the decreased Rluc activity of
psiCHECK2-periostin mut in response to let-7a overexpression was not
observed, confirming that let-7a directly targeted at the 3′-UTR of
periostin to regulate its expression. Furthermore, the mRNA and protein
expression of periostin was down-regulated by let-7a overexpression
(Fig. 4E and F).

3.5. Let-7a/periostin axis was involved in the biological roles of H19 in ox-
LDL-induced HUVECs

To further elucidate whether the biological roles of H19 were as-
sociated with the regulation of let-7/periostin axis, we transfected
HUVECs with the combination of si-H19 and pcDNA3.1-periostin
plasmids, or let-7a mimic, followed by the ox-LDL treatment. The se-
cretion of inflammatory cytokines, the ROS level and the cell apoptosis
was detected. As shown in Fig. 5, compared with si-H19 group, the up-
regulated levels of IL-1β, IL-6 and TNF-α, the elevated ROS production
and the increased cell apoptosis rate were detected in the si-
H19+periostin group, suggesting that periostin overexpression partly
reversed the effects of H19 knockdown in the ox-LDL-induced HUVECs.

Fig. 2. H19 knockdown suppressed ox-LDL-induced inflammation. The secreted levels of IL-1β (A), IL-6 (B) and TNF-α (C) were detected by ELISA. (D) The protein
expression levels of VCAM1, ICAM1 and E-selectin were detected by Western blot assay and normalised to GAPDH expression. The relative protein expression of
VCAM1 (E), ICAM1 (F) and E-selectin (G) are indicated by histograms. (H) The protein levels of p-p65 and p-IκB-α were detected by Western blot assay and the
relative protein expression are indicated by histograms (I). n=3, *p < 0.05 vs. untreated group, #p < 0.05 vs. ox-LDL group.
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Moreover, the biological effects caused by H19 knockdown were almost
recapitulated by let-7 overexpression, including the down-regulated
levels of IL-1β, IL-6 and TNF-α, the decreased ROS production and the
reduced cell apoptosis. These results suggest that H19 regulates ox-LDL-
induced inflammation, apoptosis and oxidative stress, at least partly via
modulating the let-7a/periostin axis.

4. Discussion

At present, AS is still one of the leading causes of mortality in the
world, despite great advances in both basic and clinical research
[23,24]. In recent years, the roles of non-coding RNA in endothelial
function and AS have attracted increasing attention. Chen et al. have
reported that lncRNA GAS5 was significantly increased in the plaque of
atherosclerosis, which regulates the apoptosis of macrophages and en-
dothelial cells via exosomes [25]. Yong et al. revealed that lncRNA
MALAT1 protects the endothelium from ox-LDL-induced endothelial
cell dysfunction partly through competing with miR-22-3p for en-
dogenous RNA, thus up-regulating the expression of the miR-22-3p
target genes CXCR2 and AKT [26]. Pan has shown that H19 promotes
AS by regulating the MAPK and NF-kB signaling pathway [11]. In the
present study, we further investigated the biological roles of H19 in the
ox-LDL-induced endothelial cell injury and clarified its underlying

mechanism.
Consistent with Pan's study [11], we found that H19 was highly

expressed in the serum of patients with AS, confirming its crucial role in
AS. We further showed that H19 expression was significantly increased
in ox-LDL-treated HUVECs, which characterised by endothelial cell
injury, including increased inflammatory factors, cell apoptosis and
oxidative stress [6,27]. Inflammation plays an important role during
the progression of endothelial dysfunction. The expression of in-
flammatory cytokines, including inflammatory factors and cell adhe-
sion molecules, can promote the adhesion of monocytes to the vascular
endothelium, leading to the activation of macrophages; these macro-
phages then absorb lipoprotein, resulting in foam cell formation, which
further stimulates vascular inflammation [28,29]. In the present study,
we found that the elevated levels of IL-1β, IL-6, TNF-α, VCAM1, ICAM1
and E-selectin induced by ox-LDL were all suppressed by the knock-
down of H19. NF-κB is the critical transcription factor that mediates the
inflammatory response, and it is activated through I-κBα phosphor-
ylation, and then translocates to the nucleus. We further found that ox-
LDL induced the increased levels of p-IκB-α and p-p65, implying the
activation of NF-κB signaling. Compared with the ox-LDL group, the
levels of p-p65 and p-IκB-α were significantly decreased by the
knockdown of H19, implying the suppression of NF-κB activation.
These results demonstrate that H19 knockdown protects the endothelial

Fig. 3. H19 knockdown suppressed ox-LDL-induced oxidative stress and cell apoptosis. (A) ROS production was measured by flow cytometry using DCHF-DA probes.
SOD (B) and MDA (C) levels were detected by commercial kits and are indicated by histograms. Cell apoptosis was measured by flow cytometry (D) and indicated by
histograms (E). (F) The protein expression levels of Nrf2, HO-1 and cleaved Caspase-3 were detected by Western blot assay. The relative protein expression of Nrf2
and HO-1 (G), and cleaved Caspase-3 (H) are indicated by histograms. n=3, *p < 0.05 vs. untreated group, #p < 0.05 vs. ox-LDL group.
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cells against ox-LDL-induced inflammation.
Oxidative stress, known as the increased bioactivity of ROS relative

to antioxidant defences, has been shown to be an important event in
endothelial cell dysfunction [30]. Nrf2 is an important transcription
factor regulating several antioxidant enzyme genes, such as HO-1 [31].
HO-1 is regarded as an antioxidative and cytoprotective enzyme
[32,33]. In the present study, the knockdown of H19 was found to
suppress ox-LDL-induced oxidative stress by decreasing ROS and MDA
levels, and inhibited the decline of SOD production. Meanwhile, the
reduction of Nrf2 and HO-1 caused by ox-LDL treatment was also
blocked by H19 knockdown. It has been reported that oxidative stress is
closely associated with various pathological processes, including in-
flammation and apoptosis. Endothelial cell apoptosis can destroy the
structure and function of the endothelium, accelerating the formation
of foam cells [34]. During mitochondrial apoptosis, active cleaved
Caspase-3 increases, which contributes to the cleavage of cellular target
proteins [35]. As we have shown, the ox-LDL-induced cell apoptosis and
increased cleaved caspase-3 were suppressed by H19 knockdown. These
results demonstrate that H19 knockdown protects endothelial cells
against ox-LDL-induced oxidative stress and apoptosis.

LncRNAs can act as “sponges” to bind specific miRNAs and regulate
their function [36,37] by modulating the expression of their target

genes [38]. Kallen et al. reported that the conserved, imprinted lncRNA
H19 could bind to let-7 and interferes with its function, acting as a
natural molecular sponge for let-7 [14]. The H19/let-7 axis has been
shown to play important roles in many biological processes, such as
tumorigenesis [39], the production of steroids [40] and glucose meta-
bolism [41]. Subsequent bioinformatic analysis and dual-luciferase re-
porter assay confirmed that let-7 directly targets the 3′-UTR of periostin
mRNA. Actually, low levels of periostin are detected in various adult
tissues at baseline, but dramatically increased expression and secretion
are found with acute injury [42,43]. In the present study, H19 knock-
down significantly down-regulated the ox-LDL-induced periostin ex-
pression, but did not affect the expression level of let-7a, suggesting
that H19 knockdown inhibited the expression of periostin at least partly
via modulating the bioavailability of let-7, but not its expression; this
was consistent with the previous result H19 regulates gene expression
by antagonising let-7. Thus, we speculated that regulation of the let-7a/
periostin axis was involved in the biological roles of H19. The detection
of inflammatory factor secretion, ROS levels and cell apoptosis showed
that periostin overexpression partly reversed the biological effects of
H19 knockdown, which were almost recapitulated by let-7a over-
expression (elevated let-7a bioavailability). Taken together, the above
results suggest that H19 regulates the ox-LDL-induced inflammation,

Fig. 4. H19 acts as a molecular sponge for let-7 to regulate periostin expression. (A) The expression level of let-7a was detected by RT-PCR assay and normalised to
U6 levels. The mRNA (B) and protein (C) expression of periostin were detected by RT-PCR and Western blot assay, respectively. *p < 0.05 vs. untreated group,
#p < 0.05 vs. ox-LDL group. (D) Predicted 3′-UTR sequence of periostin containing the let-7a binding sites. The psiCHECK2-periostin or psiCHECK2-periostin mut
plasmids were co-transfected into HUVECs with the let-7a mimic or mimic-NC. The Rluc activity was analysed by dual-luciferase reporter assay 48 h post-trans-
fection. The mRNA (E) and protein (F) expression of periostin in HUVECs transfected with let-7a mimic or mimic-NC were detected by RT-PCR and Western blot
assay, respectively. n=4, *p < 0.05 vs. mimic-NC group.
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apoptosis and oxidative stress at least partly via interfering with let-7
bioavailability, and thus modulating periostin expression.

In summary, these results demonstrate that H19 was up-regulated in
the serum of patients with AS. H19 knockdown suppressed ox-LDL-in-
duced inflammation, apoptosis and oxidative stress in HUVECs, which
may be related to the down-regulation of periostin by interfering with
let-7 action. Therefore, targeting H19/let-7/periostin axis may reveal a
potential therapeutic strategy for endothelial cell dysfunction.
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