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LncRNA SRA deregulation contributes to the development
of atherosclerosis by causing dysfunction of endothelial cells
through repressing the expression of adipose triglyceride lipase
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Abstract. It has been well established that long non-coding
RNAs (IncRNAs) are crucial mediators in a diverse range of
diseases, including atherosclerosis. The present study aimed
to examine the molecular mechanisms underlying the asso-
ciation between steroid receptor RNA activator (SRA) and
atherosclerosis. Reverse transcription-quantitative polymerase
chain reaction analysis, western blot analysis and luciferase
assays were performed to examine interactions among
SRA, adipose triglyceride lipase (ATGL) and peroxisome
proliferator-activated receptor (PPARY), and the effect of
resveratrol (RSV) on the levels of SRA, ATGL and PPARY.
ELISA was performed to determine the effects of SRA and
RSV on the production of inflammatory-associated cytokines.
The results showed that knockdown of the expression of
SRA by transfecting HUVECs with short hairpin RNA-SRA
inhibited the production of ATGL and PPARY. A plasmid
coding SRA RNA, but not the SRAP protein, attenuated the
luciferase activity of the ATGL promoter. PPARYy had no effect
on the luciferase activity driven by the ATGL promoter in the
absence of rosiglitazone, whereas the luciferase activity of
the ATGL promoter was elevated in the presence of rosigli-
tazone. This effect was eliminated by SRA. SRA enhanced the
production of inflammatory-associated cytokines, including
tumor necrosis factor-a, interleukin-6, monocyte chemotactic
protein-1 and intercellular adhesion molecule-1; however,
the promoting effect of SRA was eliminated by RSV. RSV
increased the expression of ATGL and PPARYy, but not that of
SRA. RSV distinctly and concentration-dependently upregu-
lated the luciferase activity of ATGL, compared with that in
the cells without RSV treatment, whereas treating with rosi-
glitazone inhibited the effect of RSV on the luciferase activity
of ATGL. The present study examined the roles of SRA in
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atherosclerosis, and the effects of changes in SRA and ATGL
on inflammatory cytokines and HUVEC dysfunction.

Introduction

Atherosclerosis is the most frequent pathological process
resulting in cardiovascular diseases, a disease of medium-
and large-sized arteries characterized by the development
of atherosclerotic plaques consisting of foam cells, leuko-
cytes, endothelial cells (ECs), inflamed smooth muscle
cells (SMCs), built-up modified lipids, calcified regions and
necrotic cores (1). These characteristics of atherosclerotic
plaques show that atherosclerosis is a complex disorder, and
several compositions of the immune, metabolic and vascular
systems are involved in this process. It is well demonstrated
that diabetes mellitus is an independent risk factor of cardio-
vascular disease and atherosclerosis (2). Several studies
have shown that patients with diabetes have higher risks of
cardiovascular disease and atherosclerosis, compared with
normal subjects (3).

Endothelial dysfunction (ED) has been identified as being
associated with the clinical course and pathogenesis of all
identified cardiovascular disorders, occurring in response
to cardiovascular risk factors, followed by the occurrence
of atherosclerosis (4,5). ED is active in the process of
lesion formation, facilitating the late and early mechanisms
of atherosclerosis, and resulting in the promotion of EC
permeability, vascular SMC proliferation and migration,
platelet activation and oxidized-low density lipoprotein
(ox-LDL), and the upregulation of leukocyte adherence,
cytokine secretion, chemokine and adhesion molecules (5).
For all these factors, ED is one of the main mechanisms in
atherosclerotic disorders (6). The access of insulin to the
tissue can be decreased by compromised endothelial functions
in metabolic syndrome, and reduces the sensitivity of insulin
independently from the direct effects of the muscle cells (7).
The systemic knockout of adipose triglyceride lipase (ATGL),
a critical enzyme in triglyceride lipolysis, leads to a murine
phenotype featuring severe heart failure and progredient
cardiac steatosis (8). It has been shown that global ATGL
deficiency results in marked vascular endothelial dysfunction,
which is partially due to the downregulated vascular expression
of endothelial nitric oxide synthase (eNOS), possibly through
activation/upregulation of the 26S proteasome (8).
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Long non-coding RNAs (IncRNAs) are a major family
that emerges from pervasive transcription, which broadly refer
to RNAs >200 nucleotides in length with no marked ability
to code. Current evidence has annotated and supported the
identification of >14,000 IncRNA gene units in the human
genome (9). Of the genome, 1% (gencode v20) comprises
the exonic region of human IncRNAs, which contain
approximately the same quantity of DNA as protein-coding
exons (10). Equivalent, substantial quantities of IncRNA genes
are estimated to present in other mammalian genomes (11).
Certain IncRNAs have been shown to have a functional role
in the pathogenesis of the occurrence of atherosclerosis; for
example, ANRIL is closely associated with the severity of
atherosclerosis (12). The H19 IncRNA is also prevalent in the
neointima following damage and in human atherosclerotic
lesions, but is rarely produced in normal arteries (13). Their
effects in atherosclerosis, particularly in foam cells, have
not been reported, although HULC is important in cell lipid
afflux. Hu et al identified two IncRNAs in foam cells, namely
IncRNA-DYNLRB2-2 and IncRNA-RP5-833A20.1, which
modulated inflammation and foam cell cholesterol efflux (14).

It has been shown that SRA functions as a regulator of
ATGL indirectly by suppressing the expression of PPARY, a
transcription factor of ATGL, and that ATGL deficiency may
cause the dysregulation of inflammatory cytokines, including
tumor necrosis factor (TNF)-a, and interleukin (IL)-6 (15,16).
The downregulation of ATGL is responsible for the dysfunc-
tion of endothelial cells, which is one of the major causes of
atherosclerosis (8). In addition, resveratrol (RSV) has been
reported to suppress the inflammatory reaction caused by
the deficiency of ATGL (16). In the present study, the effects
of SRA and ATGL on endothelial cells were examined, and
the effects of alterations of SRA and ATGL on inflammatory
cytokines and endothelial cell dysfunction were investigated.

Materials and methods

Cell culture. HUVECs were obtained from Lonza (Basel,
Switzerland), and radioimmunoprecipitation assay
(RPMI)-1640 medium (Gibco; Thermo Fisher Scientific, Inc.
Waltham, MA, USA) containing 10% fetal bovine serum (FBS;
Sijiging Biological Engineering Materials Co. Ltd., Hangzhou,
China) and 1% streptomycin-penicillin was utilized to main-
tain the cells under an atmosphere of 5% CO,/95% air at 37°C.

Vector construction. The pGL3-SRA human SRA expres-
sion vector was generated by inserting the full sequence of
SRA into the pGL3-Basic vector (Promega Corporation,
Madison, WI, USA) using BamHI and HindlIII endonucleases,
and the full sequence of SRA was amplified by PCR using
DNA polymerase (Promega Corporation) and the following
primer sequences: Forward, 5'-CTCCTGAAGTGGGAA
ACGAAG-3'; and reverse, 5'-GAGGTTGGCTTCCATGTC
TAA-3"). The thermocycling conditions used for PCR were
as follows: 95°C for 3 min; followed by 30 cycles of 94°C for
40 sec, 56°C for 35 sec and a final extension at 72°C for 60 sec.
All experiments were performed three times.

Transfection. The cells were seeded into 96-well plates without
antibiotics at a final density of 2x10* per well. When the
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HUVECsS had grown to 80% confluence, Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) was utilized to
perform transfection. Three independent tests were run.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis. TR1zol®
(Invitrogen; Thermo Fisher Scientific, Inc.) was utilized to
extract total RNA from HUVECs according to the manufac-
turer's protocol. Subsequently, TagMan One-Step RT-PCR
master mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.) was used to perform RT-qPCR analysis with a 25 ul
reaction mixture [2 ul cDNA template (2 pl), standard Taq
reaction buffer (2.5 ul), 10 mM dNTPs (0.5 ul), 10 uM
forward primer (0.5 ul; 5'-CTCCTGAAGTGGGAAACG
AAG-3"), 10 uM reverse primer (0.5 pl; 5'-GAGGTTGGCT
TCCATGTCTAA-3") and Tag DNA polymerase (1.25 pl), and
the remaining volume consisted of nuclease-free water]. The
RT-qPCR cycling conditions were as follows: Initial poly-
merase activation at 95°C for 10 min, followed by 40 cycles for
15 sec at 95°C and 60 sec at 60°C. For the IncRNA SRA assay,
a TagMan RNA reverse transcription kit (Applied Biosystems,
Thermo Fisher Scientific, Inc.) was used to reverse transcribe
1 ug of purified RNA to single-stranded cDNA, the tempera-
ture protocol of which was performed at 16°C for 30 min,
followed by 42°C for 30 min, 85°C for 5 min. Following this,
gPCR was performed in 48-well plates with a Step One Plus
sequence detection system (Applied Biosystems, Thermo
Fisher Scientific, Inc.), and the thermocycling conditions used
were as follows: 2 min at 50°C and 10 min at 95°C; followed
by 30 cycles of 15 sec at 95°C and 60 sec at 60°C. U6 served
as an internal control. The comparative quantification (Cq)
method (17) was utilized to calculate the relative IncRNA
expression of SRA, and mRNA expression of ATGL and
PPARY. Three independent reactions were repeated.

Luciferase assay. PCR was performed to amplify the promoter
region of the ATGL human gene from the genomic DNA,
and the full region of the ATGL promoter was treated with
endonuclease digestion sites overhangs. The PCR-amplified
fragments were then ligated to the pGL3-Basic vector
(Promega Corporation) to generate the pGL3-ATGL-1LUC
reporter construct. The expression vector of the human SRA
pGL3-SRA expression vector was obtained by inserting
full sequence of SRA into the pGL3-Basic vector (Promega
Corporation). HUVECs were seeded into 96-well plates at a
final density of 2x10* per well. When the HUVECs had grown
to 80% confluence, Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) was used for co-transfection with the
pGL3-SRA SRA expression vector or luciferase reporter
plasmids and the pRL-TK-Renilla vector for luciferase assays.
The Dual-Luciferase reporter system (Promega Corporation)
was used to detect the luciferase activity of Renilla and firefly
luciferase at 48 h post-transfection according to the manufac-
turer's protocol. All experiments were performed three times.

Western blot analysis. RIPA lysis buffer (Roche Diagnostics,
Basel, Switzerland) was utilized to lyse HUVECs in accordance
withthe manufacturer's protocol. A Pierce bicinchoninicacid assay
protein assay kit (Thermo Fisher Scientific, Inc.) was performed
to quantify total protein. A 10% (w/v) polyacrylamide gel was
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Figure 1. Effects of SRA on the expression of ATGL and PPARY. (A) shRNA-SRA effectively decreased the expression of SRA. (B) shRNA-SRA effec-
tively increased the expression of ATGL. (C) shRNA-SRA effectively increased the expression of PPARY. (D) shRNA-SRA effectively increased the protein
expression of PPARy and ATGL. "P<0.01 vs. blank vector control group. shRNA, short hairpin RNA; SRA, steroid receptor RNA activator; ATGL, adipose

triglyceride lipase; PPARY, peroxisome proliferator-activated receptor v.

utilized to separate protein extracts with SDS-PAGE, which
were then electro-transferred onto a BiolTrace NT membrane
(Pall Life Sciences, Port Washington, NY, USA). PBS containing
0.1% Tween-20 and 5% fat-free milk was utilized to block the
membrane for 60 min. Primary anti-ATGL antibody at a dilution
of 1:5,000 (cat. no. 3370-1; Epitomics, Burlingame CA, USA),
anti-PPARY antibody at a dilution of 1:5,000 (cat. no. RNO75PW;
Medical & Biological Laboratories Co., Ltd., Tokyo, Japan), and
anti-B-actin antibody at a dilution of 1:10,000 (cat. no. 4970; Cell
Signaling Technology, Inc., Danvers, MA, USA) were utilized to
maintain membrane overnight at 4°C. Subsequently, secondary
horseradish peroxidase (HRP)-labeled antibody at a dilution of
1:15,000 (cat. no. AP187P; EMD Millipore, Billerica, MA, USA)
was utilized to treat the membrane at room temperature for 2 h.
Electrochemiluminescence blotting detection reagent (Thermo
Fisher Scientific, Inc.) was utilized to detect the bands of the
target proteins. A Chemioscope Mini system (ChemiQ 4800;
Bioshine, Shanghai, China) was utilized to quantify and capture
images of the protein bands of ATGL and PPARY. Three inde-
pendent tests were performed.

ELISA. Carbonate-bicarbonate buffer (50 mM) with mouse
polyclonal IgG against ATGL (1:5,000; cat. no. 2138;
Cell Signaling Technology, Inc.)/PPARy (1:5,000; cat.
no. sc-398394; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) was utilized to treat cells (2x10° /well) in a 24-well
plate, followed by incubation for 12 h at 4°C, and PBS with
4% bovine serum albumin (BSA; Invitrogen; Thermo Fisher
Scientific, Inc.) was then utilized to treat the plates for 1 h.
PBS with 0.1% Tween-20 was utilized to wash the plates twice
for 3-5 min. A 50 pl volume of purified intercellular adhesion
molecule-1 (ICAM-1), tumor necrosis factor (TNF)-a, IL-6
and monocyte chemotactic protein-1 (MCP-1) antigen as
well as clinical samples were distributed into 96-wells, and
incubated for 2 h at 37°C. This was followed by washing and
culture for 60 min at 37°C in 100 ul PBS containing 1% BSA
and rabbit monoclonal IgG against ICAM-1 (cat. no. 4915;
Cell Signaling Technology, Inc.), TNF-a (cat. no. 6945;
Cell Signaling Technology, Inc.), IL-6 (cat. no. 12153) and

MCP-1 (cat. no. 2027; both Cell Signaling Technology, Inc.)
at dilutions of 1:1,500. Subsequently, secondary antibodies
conjugated to HRP (1:3,000; cat. no. 7074; Cell Signaling
Technology, Inc.) and 1% BSA (LI-COR Biosciences, Lincoln,
NE, USA) were utilized to maintain the plate for 24 h at 37°C.
A microplate reader was utilized to determine the immuno-
plate HRP activity with the use of O-phenylenediamine in
accordance with the absorbance at 492 nm. H,O, served as
an internal control. Three independent tests were performed.

Statistical analysis. All data are presented as the mean =+ stan-
dard error of mean of three independent experiments. SPSS
23.0 statistical software (IBM SPSS, Armonk, NY, USA)
was utilized to perform all statistical analysis. Student's t-test
(two-tailed) was utilized to analyze differences between two
groups, and the Wilcoxon signed rank test was utilized to
compare relative expression levels of IncRNA SRA ATGL and
PPARy among groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

SRA suppresses the transactivation of ATGL via PPARy. SRA
has been shown to inhibit the transcription activity of the
ATGL promoter, and it was well established that PPARY serves
as a transcription factor of ATGL. Therefore, the present study
aimed to examine whether SRA repressed the transactivation
of ATGL through PPARY. As shown in Fig. 1, knockdown of
the expression of SRA (Fig. 1A) using shRNA against SRA
substantially reduced the mRNA levels of expression ATLG
(Fig. 1B) and PPARY (Fig. 1C), and the protein (Fig. 1D) levels
of the two. This suggested that IncRNA-SRA suppressed the
production of ATGL via inhibiting the expression of PPARY.

SRA represses the transcription ability of the ATGL promoter
via modulating PPARYy. The endothelial cells were transfected
with vectors encompassing SRA or SRAP. As shown in
Fig. 2A, transfection of cells with a vector coding SRA RNA
but not SRAP protein reduced the luciferase activity driven
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Figure 2. SRA represses the luciferase activity driven by ATGL via PPARYy. (A) Transfection with a plasmid coding SRA RNA but not SRAP reduced the
luciferase activity driven by the ATGL promoter. (B) Overexpression of PPARy had no effect on luciferase activity driven by the ATGL promoter in the
absence of rosiglitazone. (C) SRA eliminated the promoting effect of PPARy and rosiglitazone on the activity of the ATGL promoter. ‘P<0.01 vs. control
group; "P<0.01 vs. vehicle control group. SRA, steroid receptor RNA activator; SRAP, SRA protein; ATGL, adipose triglyceride lipase; PPARY, peroxisome

proliferator-activated receptor y.
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Figure 3. Repression of inflammatory-related cytokines by SRA. (A) Higher protein levels of TNF-a, IL-6, MCP-1 and ICAM-1 were detected in HUVECs
following knockdown of the expression of SRA, detected using ELISA. (B) Higher protein levels of TNF-a, IL-6, MCP-1 and ICAM-1 were detected in
HUVECsS following knockdown of the expression of SRA, detected using western blot analysis. "P<0.01 vs. vehicle control group. SRA, steroid receptor RNA
activator; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6; MCP-1, monocyte chemotactic protein-1; ICAM-1, intercellular adhesion molecule-1; ShRNA,

short hairpin RNA.

by the ATGL promoter, compared with control. PPARY is also
considered to be a transcription factor of ATGL. Therefore, it
was crucial to clarify the effect of PPARy on the expression of
ATGL. As shown in Fig. 2B, without rosiglitazone, a PPARYy
ligand, the upregulated expression of PPARY had no effect on
the luciferase activity driven by the ATGL promoter (Fig. 2B).
However, in the presence of rosiglitazone, PPARY increased
the luciferase activity of the ATGL promoter, compared with
that in the vehicle control (Fig. 2B). As shown in Fig. 2C, the
promoting effect of PPARYy and rosiglitazone on the activity
of ATGL promoter was eliminated by the overexpression of
SRA (condition 3 in Fig. 2C), suggesting that SRA repressed
the luciferase activity driven by ATGL via suppressing PPARY.

Repression of inflammatory-related cytokine levels by SRA.
It is well established that inflammation is important in the
development and progression of atherosclerosis, therefore
ELISA and western-blot analysis were performed in the
present study to investigate whether SRA was associated with

atherosclerosis via affecting the production of inflammatory
cytokines. As shown in Fig. 3, higher protein levels of TNF-a,
IL-6, MCP-1 and ICAM-1 (Fig. 3A and B) were observed in
the HUVECSs with loss of the expression of SRA, compared
with control group.

RSV alters the expression of SRA and downstream of SRA.
RSV is known as an inhibitor of inflammation and is widely
used as a drug to treat diseases caused by chronic inflamma-
tion, including atherosclerosis (18). To examine whether RSV
was involved in inflammation through SRA and downstream,
RT-qPCR analysis was performed to examine the levels of
SRA, PPARy and ATGL in cells treated with RSV. As shown
in Fig. 4A, no significant difference in the levels of SRA were
found between the cells treated with RSV and the untreated
cells. By contrast, RSV markedly enhanced the expres-
sion of PPARYy (Fig. 4B) and ATGL (Fig. 4C) at the mRNA
levels and protein (Fig. 4D) levels, compared with the levels
in the untreated cells, confirming that RSV was involved in
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Figure 4. RSV alters the expression of SRA and downstream of SRA. (A) RSV suppressed the production of SRA. (B) RSV elevated the mRNA expression of
PPARy. (C) RSV upregulated the mRNA expression of ATGL. (D) RSV increased the protein expression levels of PPARy and ATGL. "P<0.01 vs. untreated
group. RSV, resveratrol; SRA, steroid receptor RNA activator; ATGL, adipose triglyceride lipase; PPARY, peroxisome proliferator-activated receptor v.
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Figure 5. Effect of RSV and rosiglitazone on the luciferase activity driven by ATGL. (A) RSV markedly and dose-dependently elevated the
luciferase activity driven by ATGL. (B) Rosiglitazone inhibited the effect of RSV on the luciferase activity driven by ATGL. "P<0.01 vs. untreated
group; "P<0.01 vs. control group. SRA, steroid receptor RNA activator; ATGL, adipose triglyceride lipase; RSV, resveratrol; PPARY, peroxisome

proliferator-activated receptor vy.

inflammation through promoting the expression of PPARy and
ATGL.

RSV represses the luciferase activity driven by ATGL. As
it was found that RSV enhanced the expression of ATGL,
luciferase constructs were generated to analyze this further,
following which the HUVECs were treated with different
doses of RSV and rosiglitazone. As shown in Fig. 5A, treat-
ment with RSV elevated the luciferase activity driven by
ATGL in a concentration-dependent manner, compared with
that in the HUVECS not treated with RSV. The effect of RSV
on the luciferase activity driven by ATGL was inhibited by
treatment with rosiglitazone (Fig. 5B), demonstrating that RSV
attenuated the luciferase activity driven by ATGL via PPARY.

RSV eliminates the effect on inflammatory-related cytokines
induced by SRA. ELISA and western blot analysis were

performed to investigate whether RSV can eliminate the effect
of SRA on the production of inflammatory-related cytokines.
As shown in Fig. 6A and B, treatment with RSV eliminated
the effect of treatment with SRA shRNA, suggesting that
RSV eliminated the effect on the production of TNF-a, IL-6,
MCP-1 and ICAM-1 induced by SRA.

Discussion

Several IncRNAs have been reported to be involved in
cardiovascular disorders. SRA, a gene encoding an IncRNA
and initially identified as a steroid receptor coactivator in
steroid hormone target tissues, is situated in a 600-kb region
of linkage disequilibrium associated with cardiomyopathy.
Depletion of the SRA homolog in zebrafish leads to serious
myocardial dysfunction (19). It has also been suggested
that SRA enhances insulin-stimulated glucose uptake and
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Figure 6. RSV eliminates the effect of SRA on inflammatory-related cytokines. (A) Based on the results of the ELISA, the knockdown of SRA significantly
increased the production of TNF-a, IL-6, MCP-1 and ICAM-1, whereas RSV eliminated the effects of treatment with SRA shRNA. (B) Base on results of the
western blot analysis, knockdown of SRA significantly upregulated the production of TNF-a, IL-6, MCP-1 and ICAM-1, whereas RSV eradicated the effect of
SRA shRNA. "P<0.01 vs. shRNA-SRA group. SRA, steroid receptor RNA activator; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6; MCP-1, monocyte
chemotactic protein-1; ICAM-1, intercellular adhesion molecule-1; shRNA, short hairpin RNA; RSV, resveratrol.

adipocyte differentiation in adipocytes in vitro via multiple
mechanisms, including suppressing the production of
adipocyte-related inflammatory genes or enhancing the
expression of insulin receptors, and coactivating the tran-
scriptional activity of PPARy (20). Previously, to evaluate
the function of SRA in vivo, global Sral gene-knockout mice
were established; these mice exhibited decreased inflam-
mation, improved insulin sensitivity and reduced hepatic
triacylglycerol contents (21). Another clinical manifestation
of atherosclerosis is erectile dysfunction (ED), particularly
in type II diabetes mellitus (22,23). One key mechanism
of ED in diabetes mellitus is a change in the signaling
pathways, which results in the activation of eNOS in the
endothelium. This process has been widely investigated
and SRA has been found to be a regulator of this signaling
pathway (24-27). The present study examined whether SRA
affected the transactivation of ATGL through PPARY using
RT-qPCR and western blot analyses, and it was found that
SRA inhibited the expression of ATGL through inhibiting
the production of PPARY. A luciferase assay was performed
to evaluate the effect of SRA on its transcription ability,
and it was found that the luciferase activity of the ATGL
promoter was downregulated following cell transfection
with a vector coding SRA RNA.

The dysfunction of endothelial cells is considered to
be important in the development of atherosclerosis, and the
dysregulated production of inflammatory cytokines may be
a sign of the dysfunction of endothelial cells (28,29). In the
present study, ELISA and western blot analysis were performed
to investigate whether SRA affected the production of inflam-
matory cytokines, and it was revealed that SRF increased the
expression of TNF-a, IL-6, MCP-1 and ICAM-1.

ATGL was first identified as the main TG hydrolase in
heart and adipose tissue. Reports indicate it also has a primary
role in other tissues, including the liver (30). ATGL affects
the downstream partitioning of its fatty acid (FA) products.
ATGL functions as a critical modulator of PPAR in addition
to its effects on FA trafficking. It has been demonstrated that
mice or primary hepatocytes, which are exposed to ATGL
shRNA have decreased production of PPARa in addition
to its downstream target genes (30). These findings are in

accordance with microarray analysis of tissues in whole-body
ATGL-knockout mice and previous results revealing that
ATGL modulates brown adipose tissue, small intestine, and
PPAR in the heart (31,32).

FAs are considered the main physiological ligands to
stimulate PPAR, although a number of metabolites can bind
to PPAR (33). It has been shown that they are not sufficient
to eliminate the chronic inflammatory changes in adipose
tissue, which develop in the context of diet-induced obesity,
although the suppression of ATGL-mediated adipocyte
lipolysis decreases the adipose tissue inflammatory reaction
to acute lipolysis (34). Of note, regardless of a comparable
reduction in adipocyte lipolysis, global ATGL-knockout
mice exhibit elevated, not lower, susceptibility to hepatic
inflammation, likely due to the effect of hepatic ATGL being
necessary for hepatic lipid homeostasis and for stimulation of
the anti-inflammatory effects of PPARa (35). Compared with
wild-type bone marrow-transplanted LDL receptor (Ldlr)-/-
mice following feeding with an atherogenic Western-type
diet for nine weeks, grafting of Atgl-/- bone marrow into
v-irradiated Ldlr-/- mice led to substantially reduced formation
of atherosclerotic lesions. However, compromised clearance
of apoptotic macrophages in advanced atherosclerotic lesions
causes the formation of a necrotic core and secondary necrosis.
A similar effect was found without the presence of ATGL,
and TG built-up in macrophages with elevations in typical
markers of apoptosis, including the externalization of phos-
phatidylserine in poly-(ADP-ribose) polymerase cleavage and
plasma membrane, and caspase-3 (36). In the present study,
it was found that RSV upregulated the luciferase activity of
ATGL in a concentration-dependent manner, whereas the
luciferase activity of ATGL in the cells treated with RSV and
rosiglitazone was comparable with that in the untreated cell.
The present study also investigated whether RSV can elimi-
nate effect of SRA on the production of inflammatory-related
cytokines using ELISA and western blot analysis, and it as
revealed that RSV eliminated the promoting effect of SRA on
the production of TNF-a, IL-6, MCP-1 and ICAM-1.

In conclusion, the results of the present study indicated that
IncRNA SRA promoted atherosclerosis in through repressing
the expression of ATGL. The upregulated SRA suppressed the
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expression of ATGL, which induced endothelial dysfunction,
and endothelial dysfunction has been established to be involved
in the pathogenesis and clinical course of atherosclerosis.

Therefore, IncRNA SRA may be used as a novel biomarker of

atherosclerosis in patients with diabetes mellitus.
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