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CTRP3 Alleviates Ox-LDL–Induced Inflammatory Response
and Endothelial Dysfunction in Mouse Aortic Endothelial Cells
by Activating the PI3K/Akt/eNOS Pathway

Lei Chen,1,5 Lijun Qin,2 Xin Liu,3 and Xiangyun Meng4

Abstract—C1q/tumor necrosis factor-related protein-3 (CTRP3) is a novel, certified, adipo-
kine that beneficially regulates metabolism and inflammation in the cardiovascular system.
Atherosclerotic plaque rupturing and secondary thrombosis cause vascular disorders, such as
myocardial infarction and unstable angina. However, the underlying role of CTRP3 in
atherosclerosis remains unclear. In this study, we aimed to elucidate whether and how CTRP3
ameliorates inflammation and endothelial dysfunction caused by oxidized low-density lipo-
protein (ox-LDL).We first confirmed that CTRP3 expressionwas inhibited inApoE−/−mice,
compared to normal mice. Then, pcDNA-CTRP3 and siCTRP3 were transfected into mouse
aortic endothelial cells after ox-LDL stimulation, and we observed that enhanced CTRP3
remarkably downregulated CRP, TNF-α, IL-6, CD40, and CD40L. We also observed that
overexpression of CTRP3 elevated cell activity and decreased lactated hydrogenase release,
accompanied by a marked reduction in cell apoptosis induced by ox-LDL. Meanwhile,
overexpressed CTRP3 caused a decrease in Ang II, ICAM-1, and VCAM-1 expression,
and it restored the balance between ET-1 and NO. Mechanism analysis confirmed that
incremental CTRP3 upregulated p-PI3K, p-Akt, and p-eNOS expression, indicating that
CTRP3 facilitated activation of the PI3K/Akt/eNOS pathway. On the contrary, siCTRP3
exerted the opposite effect to this activation. Blocking these pathways using LY294002 or L-
NAME attenuated the protective role of CTRP3. Overall, these results suggest that CTRP3
can efficiently inhibit the inflammatory response and endothelial dysfunction induced by ox-
LDL in mouse aortic endothelial cells, perhaps by activating the PI3K/Akt/eNOS pathway,
indicating a promising strategy against atherosclerosis.
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INTRODUCTION

Atherosclerosis is a major cause of cardio-cerebro-
vascular diseases, which are the leading causes of mortality
and disability worldwide [1]. Plaque rupture and secondary
thrombus formation are the main causes of death and
disability in cardiovascular disease [2]. The inflammatory
response and endothelial dysfunction are highly associated
with the stability of atherosclerotic plaques [3]. Thus, most
research about atherosclerosis treatment targets these two
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areas. Although widely applied in atherosclerosis treat-
ment, medical and surgical therapies have been ineffective
[4]. Therefore, the molecular base and mechanism of ath-
erosclerosis urgently require elucidation.

C1q/tumor necrosis factor–regulated proteins
(CTRPs) belong to a highly conserved family of adi-
ponectin paralogs [5]. The CTRP superfamily
(CTRP1–15) contains an N-terminal collagenous re-
gion and a C-terminal globular head domain [6].
CTRPs have various physiological functions, including
metabolism regulation, endothelial injury protection,
and angiogenesis [7, 8]. CTRP3 is expressed in carti-
lage and has been found in murine and human adipose
tissue, as well as monocytic and osteosarcoma cells
[9]. CTRP3 is reported to suppress chemokine and
cytokine release in adipocytes and monocytes in vitro
[10]. Most importantly, CTRP3 can stimulate endothe-
lial cell proliferation and migration and regulate the
inflammatory response [11]. Evidence suggests that
inflammation has vital roles in different stages of ath-
erosclerosis [12]. However, the potential effect of
CTRP3 on inflammatory response and endothelial dys-
function during atherosclerosis remains unclear.

Serine/threonine kinase (Akt) is a downstream
effector of phosphatidylinositol-3-kinase (PI3K). Akt
regulates cell survival and triggers apoptosis and an-
giogenesis in response to many death stimuli [13, 14].
PI3K causes the activation of Akt and its phosphory-
lation on threonine 308 and on serine 473 [15]. Akt
also activates endothelial nitric oxide synthase (eNOS),
which produces NO, mediating endothelial cell surviv-
al [16]. The PI3K/Akt/eNOS pathway likely amelio-
rates vascular endothelium dysfunction and atheroscle-
rosis [17]. Activation of this pathway also could inhibit
thrombosis [18]. CRTP3 is closely related to adiponec-
tin, which is a direct activator of eNOS that may
reverse endothelial dysfunction [19]. Low-density lip-
oproteins (LDL) can be trapped into arterial walls and
oxidized in the course of atherosclerosis [20]. Oxidized
low-density lipoprotein (ox-LDL), a key inducer in
endothelial injury, stimulates endothelial cell inflam-
mation, oxidative stress, and apoptosis and contributes
to endothelial dysfunction and plaque destabilization,
playing a major role in the development and progres-
sion of atherosclerosis [21, 22]. Given this back-
ground, we explored whether CTRP3 could alleviate
inflammation and endothelial dysfunction in mouse
aortic endothelial cells (MAECs) exposed to ox-LDL
and the mechanisms involved in the PI3K/Akt/eNOS
pathway.

MATERIALS AND METHODS

Cell Culture

Male homozygous mice that were deficient in
apolipoprotein E (ApoE) were used for this study.
The mice (n = 35) were randomly divided into two
groups: an atherosclerosis (ApoE−/−) group and a con-
trol (ApoE) group. ApoE−/− mice (n = 25) weighing
30 ± 0.5 g and aged 12 weeks were obtained from the
Jackson Laboratory (Bar Harbor, Maine, USA). They
consumed an atherogenic diet of semi-purified chow
containing 1.25% cholesterol and 0% cholate (Re-
search Diets, New Brunswick, NJ, USA) for 12 weeks.
Age-matched ApoE wild-type C57BL/6J mice (n = 10)
weighing 29 ± 0.6 g were obtained from CEBIO/
Instituto de Ciências Biológicas (UFMG, Belo Hori-
zonte, MG, Brazil). All mice were kept in a controlled
room (22 ± 3 °C, 45 ± 10% humidity) with a 12-h light/
dark cycle in cages that were appropriate for their size.
They were given sterile water. The mice were deprived
of food starting 24 h before the experiment but allowed
free access to water. All mice were sacrificed under
anesthesia, and tissues were collected. All animal care
and experimental procedures complied with guidelines
for the humane use of laboratory animals in strict
accordance with the Chinese Animal Welfare Legisla-
tion and were approved by the animal ethics committee
of the Gansu Provincial Hospital of TCM.

Cell Culture and Administration

Mouse aortic endothelial cells (MAECs; ATCC,
Manassas, VA, USA) were cultured in DMEM/F12
with 10% fetal bovine serum in a humidified incubator
at 37 °C and 5% CO2. Cells were then exposed to
100 μg/mL of ox-LDL for 48 h. MAECs were seeded
into 6-well plates with serum-free media and incubated
at 37 °C. MAECs were randomly divided into six
groups: control (MAECs), ox-LDL (100 μg/mL),
pcDNA-CTRP3 (10 μg), siCTRP3 (5 μg), pcDNA-
CTRP3 + LY294002, and pcDNA-CTRP3 + L-NAME.
Ox-LDL was obtained from the Beijing Xiesheng Bio-
technology (Beijing, China). The PI3K/Akt agonist
LY294002 (10 μM) and the eNOS inhibitor L-NAME
(3 mM) were obtained from Sigma (St. Louis, MO,
USA). MAECs were stimulated with ox-LDL for 48 h.
LY294002 and L-NAME, when used, were added
30 min prior to adding ox-LDL.

1351CTRP3 Alleviates Inflammatory Response and Endothelial Dysfunction



Small Interfering RNA (siRNA) and Overexpression
Transfection

To silence CTRP3, siRNA-targeting CTRP3 was
designed, synthesized, and verified by Sigma-Aldrich (St.
Louis, Missouri, USA) (siCTRP3 group). A scrambled
sequence was used as a control for knockdown analysis.
To assess the overexpression of CTRP3, pcDNA3.1(+)-
CTRP3 was constructed as previously described [23].
Briefly, total RNAwas extracted from MAECs using TRI-
Zol (Invitrogen, Carlsbad, CA, USA) and reverse-
transcribed to cDNA using the SuperScript II First-Strand
Synthesis System (Invitrogen). The full-length CTRT3
cDNAwas amplified using two primers [24]: sense primer
5′-GCCCCCGTATCAGGTGTGTATTT-3′ and antisense
primer 5′-TGAAGACTGTGTTGCCGTTGTGC-3′. Sub-
sequently, the full-length sequences of CTRP3 were subcl-
oned into the pcDNA3.1(+) vector to generate the recom-
binant plasmids of CTRP3-pcDNA3.1(+). An empty vec-
tor served as the negative control. For transfection, the
recombinant plasmids of pcDNA3.1(+)-CTRP3 (pcDNA-
CTRP3 group) or siCTRP3 were transfected into MAECs,
respectively, using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s protocol.

qRT-PCR Assay

Total RNAwas extracted from the mice aorta tissues
and MAECs using TRIzol reagent (Takara Bio, Inc., Otsu,
Japan) and reverse-transcribed into cDNA using the Prime-
Script™ RT reagent kit (Takara Bio, Inc.) according to the
manufacturer’s instructions. Real-time quantitative poly-
merase chain reaction (RT-qPCR) was performed using
an Applied Biosystems StepOnePlus Real-Time PCR sys-
tem and SYBR®-Green PCR master mix (both from Ap-
plied Biosystems, Foster City, CA, USA). The mRNA
expression levels of CTRP3, CRP, TNF-α, IL-6, CD40,
and CD40L were measured via RT-qPCR with an ICycler
IQ Real-Time PCR detection system (Bio-Rad Laborato-
ries Inc., Hercules, CA, USA). Each measurement was
repeated in triplicate. The relative mRNA expression of
eachmolecule was calculated using the 2-ΔΔCt method and
normalized to GADPH. The primer sequences are as
follows. CTRP3 forward 5′-ATGGAGGTGAGCAG
AAGAGC-3′ and reverse 5′-CACAGTCCCCGTTT
TAGCAT-3′, CRP forward 5′-CTCGGACTTTTGGT
CATGAAG-3′ and reverse 5′-AAAGGTGTTCAGTG
GCTTCTTT-3′, TNF-α forward 5′-CCAGACCCTCA-
CACTCACAA-3′ and reverse 5′-TTGAGATCCATGCC
GTTG-3′, IL-6 forward 5′-CCTCTCTGCAAGAG
ACTTCCAT-3′ and reverse 5′-AGTCTCCTCTCCGG

ACTTGT-3′, CD40 forward 5′-AATCTAGATGCCGC
CTGGTCTCACCTCG-3 ′ and reverse 5 ′-AAAA
GCTTGCCAACTGCCTGTTTGCCCACG-3′, CD40L
forward 5′-GACGTCAGCATGATAGAAACATACAG
CCAACCT-3′ and reverse 5′-GCCGAATTCTCAGA
GTTTGAGTAAGCCAAAAGA-3′, GAPDH forward 5′-
GGTGAAGGTCGGAGTCAACG-3′ and reverse 5′-
TGGGTGGAATCATATTGGAACA-3′.

Western Blot Analysis

Total protein from theMAECswas extracted byRIPA
Lysis Buffer containing PMSF, according to the manufac-
turer’s instructions (Beyotime, Shanghai, China). Protein
concentration was measured using the Bradford method.
Equal amounts of protein were electrophoresed by 15%
SDS-PAGE and transferred to polyvinyl difluoride mem-
branes. The membranes were blocked in 5% non-fat milk
in Tris-buffered saline, followed by incubation with prima-
ry antibodies, including anti-CTRP3 (1:1000; Abcam,
Cambridge, UK), anti-PI3K (1:1000, Sigma), anti-p-PI3K
(1:1000, Sigma), anti-Akt (1:1000, Sigma), anti-p-Akt
(1:1000, Sigma), anti-eNOS (1:200, Santa Cruz Biotech-
nology Inc., CA, USA), anti-p-eNOS (1:500, Santa Cruz
Biotechnology Inc.), and β-actin (1:2000, Santa Cruz Bio-
technology Inc.) at 4 °C overnight. Secondary antibodies
were labeled with HRP (1:10000, Bio-Rad Laboratories),
and the signals were detected using an ECL kit (Pierce
Biotech, Rockford, IL, USA). Subsequently, the images
were analyzed by Image J 1.43 software. Each measure-
ment was normalized to GAPDH.

ELISA Assay

The concentrations of CRP, TNF-a, IL-6, CD40,
CD40L, Ang II, ICAM-1, VCAM-1, ET-1, and NO in
MAECs were measured using the corresponding ELISA
kits (R&D Systems, Minneapolis, MN, USA) according to
the manufacturer’s instructions. Plates were read using an
ELISA reader (Bio-Tek, Winooski, VT, USA) at a wave-
length of 450 nm.

MTTAssay

Cell viability was investigated by measuring the me-
tabolism ofMTT. TheMTTsolution (5 mg/mL) was added
to the culture medium, and the pretreated arterial endothe-
lial cells were sustained for 4 h at 37 °C, after which the
MTTsolution was removed. The addition of 20% SDS and
50% dimethylformamide were used to dissolve the
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formazan. Absorptions at 490 nm were measured. Cell
viability was determined as the percentage of living cells.

Lactated Hydrogenase Activity Assay

Cell injury was quantified by measuring LDH release
at 6 h, using a colorimetric LDH cytotoxicity detection kit
(Clontech, Mountain View, CA, USA) according to the
manufacturer’s manuals. LDH activity was determined
via a colorimetric assay using an absorbance wavelength
of 492 nm and a reference wavelength of 655 nm in a
spectrophotometer (Bio-Rad Laboratories). Background
absorbance was subtracted, and the percentage of LDH
release was calculated based on the LDH standard curve.

Flow Cytometry Analysis

Cell apoptosis was detected using the flow cytometry
method and an Annexin V-Propidium Iodide (PI) Apopto-
sis Detection Kit (Abcam). Briefly, the cells were collected,
washed with PBS, and suspended in 500 mL of binding
buffer. The cells were incubated with Annexin V at room
temperature for 10 min and then stained with propidium
iodide. The percentage of apoptotic cells was analyzed
using flow cytometry.

Statistical Analysis

The data were expressed as the mean ± standard de-
viation (SD). Levels of significance between or among
groups were analyzed by two-tailed t test or one-way
ANOVA, respectively. All statistical parameters were cal-
culated using SPSS version 19.0 software. P values < .05
were considered statistically significant.

RESULTS

CTRP3 Expression Is Downregulated in
Atherosclerotic Lesions

To investigate the role of CTRP3 during atheroscle-
rosis, we detected the mRNA and protein levels of CTRP3
in the atherosclerotic lesions of ApoE−/− mice. We con-
firmed that the mRNA level of CTRP3 was remarkably
downregulated in the atherogenic diet-induced atheroscle-
rosis group, compared to the control (Fig. 1a). Similarly,
the protein level of CTRP3 also was distinctly downregu-
lated in mice with atherosclerosis (Fig. 1b). These findings
suggest that the abnormally low level of CTRP3 is highly
relative in atherosclerosis, implying an important role of
CTRP3 in atherosclerotic lesions.

CTRP3 Overexpression Relieved Inflammatory
Response in Ox-LDL–Induced MAECs

MAECs damage can lower the effectiveness of the
endothelium, which serves as a barrier against plasma
components. MAECs dysfunction is closely associated
with atherosclerosis etiology. To elucidate the effect of
CTRP3 in atherosclerosis, we assessed the role of CTRP3
in MAECs inflammation, as mediated by ox-LDL. We co-
transfected pcDNA-CTRP3 and siCTRP3 into MAECs to
verify the change in CTRP3 expression and its effect on the
inflammatory response triggered by ox-LDL. After 48 h,
CTRP3 was distinctly upregulated with pcDNA-CTRP3
treatment and downregulated with siCTRP3 treatment
(Fig. 2a, b).

Then, we detected the expression of inflammatory
markers CRP, TNF-α, and IL-6 and found that all were
distinctly upregulated in ox-LDL–induced MAECs
(Fig. 2c–d, f–g), which were remarkably decreased by
pcDNA-CTRP3 transfection. On the contrary, siCTRP3
obviously enhanced ox-LDL–induced CRP, TNF-α, and
IL-6 production. CD40 and CD40L also were upregulated
in ox-LDL–induced MAECs, compared with normal con-
trols (Fig. 2e, h). Moreover, expression of CD40 and
CD40L was reduced after CTRP3 overexpression. Mean-
while, CTRP3 downregulation further enhanced ox-LDH-
increased transcripts of CD40 and CD40L, as well as their
production. These findings indicate that CTRP3 negatively
regulated the inflammatory response inMAECs exposed to
ox-LDL.

Overexpression of CTRP3 Ameliorated Ox-LDL–In-
duced Endothelial Dysfunction

We further evaluated the effect of CTRP3 on ox-
LDL–induced endothelial dysfunction and observed that
ox-LDL treatment led to a significant decrease in cell
viability, whereas LDH release was strongly elevated
(Fig. 3a, b). Enhancing CTRP3 expression reversed the
decreased cell activity and increased LDH release in ox-
LDL–induced MAECs. CTRP3 silencing promoted ox-
LDL–induced cell viability decrease and LDH leakage
increase (Fig. 3a, b). In marked contrast to the untreated
group, the ox-LDL–induced MAECs contained more apo-
ptotic cells (Fig. 3c, d). We also found that pcDNA-CTRP3
treatment diminished apoptosis in MAECs exposed to ox-
LDL. However, the rate of apoptosis cells was enhanced
after siCTRP3 transfection. Further study revealed that
CTRP3 overexpression remarkably attenuated the increase
of Ang II in ox-LDL–induced MAECs, but this increase
was observed after siCTRP treatment (Fig. 3e). Moreover,
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the elevated level of circulating ET-1 was found to be
expressed in atherosclerotic patients [25] and increased in
atherosclerotic lesions. Overexpression of CTRP3 effec-
tively reduced ET-1, increased NO, and reversed the unfa-
vorable imbalance between ET-1 and NO in ox-LDL–
induced MAECs (Fig. 3f, g). CTRP3 inhibition increased
ET-1 in ox-LDL–treated cells but reduced NO. Addition-
ally, both ICAM-1 and VCAM-1 were reduced by
pcDNA-CTRP3 transfection (Fig. 3h). Meanwhile, signif-
icantly higher levels of ICAM-1 and VCAM-1 were found
in siCTRP3-transfected MAECs than ox-LDL group.
These results suggest that overexpression of CTRP3 may
repress the endothelial dysfunction induced by ox-LDL,
thus preventing atherosclerosis progression.

CTRP3 Reversed the Inactivation of the PI3K/Akt/
eNOS Pathway Triggered by Ox-LDL

To further determine how CTRP3 is involved in ath-
erosclerosis, we aimed to clarify the underlyingmechanism
regarding the protective effects of CTRP3 on the inflam-
matory response and on endothelial dysfunction. Accord-
ing to Fig. 4a and b, protein levels of p-PI3K, p-Akt, and p-
eNOS were significantly decreased in MAECs after ox-
LDL treatment. However, enhanced CTRP3 reversed the
decrease in p-PI3K, p-Akt, and p-eNOS in the ox-LDL
group, suggesting that CTRP3 can activate the PI3K/Akt/
eNOS pathway in atherosclerosis. Unsurprisingly, the ex-
pression of p-PI3K, p-Akt, and p-eNOS was shown a
further decrease in ox-LDL–induced MAECs after down-
regulating CTRP3. These data indicate that CTRP3 assis-
ted in PI3K/Akt/eNOS pathway activation in ox-LDL–
induced MAECs.

CTRP3 Inhibited Ox-LDL–Induced Inflammation and
Endothelial Dysfunction, Probably via PI3K/Akt/eNOS
Pathway Activation

To test whether PI3K/Akt/eNOS pathway activation
exerts a vital role in CTRP3-inhibited inflammation and
dysfunction in ox-LDL–induced MAECs, we measured
the effects of PI3K/Akt/eNOS pathway antagonists on
inflammation and endothelial dysfunction. As selective
blockers of the PI3K/Akt/eNOS pathway, LY294002 and
L-NAME abolish decreases in p-PI3K, p-Akt, and p-eNOS
expression during atherosclerosis. We observed that the
protective effect of CTRP3 on cell activity, LDH leakage,
and apoptosis were reduced when the PI3K/Akt/eNOS
pathway was inhibited by LY294002 or L-NAME
(Fig. 4c–e). Further mechanism analysis showed that, after
pretreatment with LY294002 or L-NAME alone, the inhib-
itory effects of CTRP3 on ox-LDL–triggered CRP, TNF-α,
and IL-6 production decreased, accompanied by increases
in Ang II and ET-1 and a decrease in NO production
(Fig. 4f–j). Thus, the inhibitory effects of CTRP3 over-
expression on ox-LDL–induced inflammation and endo-
thelial dysfunction appear to be closely associated with
activation of the PI3K/Akt/eNOS pathway.

DISCUSSION

Many factors contribute to severe cardiovascular dis-
ease, including inflammation, thrombosis, platelet activa-
tion, and endothelial dysfunction [26, 27]. The rupture of
atherosclerotic plaques and secondary thrombosis are the
major causes of most acute vascular events, such as stroke
and acute myocardial infarction [2]. Inflammation and

Fig. 1. Expression of CTRP3 in atherosclerotic lesions of atherogenic ApoE−/−mice. ApoE−/−mice were fed an atherogenic diet for 12 weeks to construct
the mouse model of atherosclerosis. Aortas of the two different groups were collected. a The mRNA level of CTRP3 in atherosclerotic lesions was assessed
by RT-PCR assay. b The protein level of CTRP3 in atherosclerotic lesions was assessed by Western blot analysis. *P < 0.05 vs. control group.
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endothelial disorders facilitate plaque rupture [28]. There-
fore, preventing inflammation and inhibiting endothelial
dysfunction are critical for slowing atherosclerosis. It is
therefore necessary to seek a new strategy for treating
inflammation and endothelial dysfunction caused by ath-
erosclerotic lesion.

CTRP3, a paralog of adiponectin, is expressed in
adipose tissue and can restrain the release of chemokines
and cytokines in adipocytes and monocytes [29]. CTRP3
may promote the proliferation and migration of endothelial
cells [30]. However, no study has investigated the associ-
ation between CTRP3 and inflammation or endothelial

dysfunction in atherosclerosis. Our study preliminary ver-
ified that the expression of CTRP3 is significantly de-
creased in mice with atherosclerosis, suggesting that
CTRP3 upregulation may be required for remission.

Ox-LDL is a major factor in endothelial disorders
during atherosclerosis [31]. Ox-LDL damages endothelial
cells and enhances endothelial cell adhesion and adhesion
molecules [32]. ICAM-1 and VCAM-1 are important en-
dothelial adhesion molecules that are overexpressed at
atherosclerosis-prone sites on the endothelium in ApoE-
deficient mice [33]. Ox-LDL can increase the release of the
ICAM-1 and VCAM-1 from damaged endothelial cells,

Fig. 2. Effect of CTRP3 on the inflammatory response in ox-LDL–induced MAECs. After transfection with pcDNA-CTRP3 (10 μg) or siCTRP3 (5 μg),
MAECs were stimulated with ox-LDL (100 μg/mL) for 12 h. a The transfection efficiency of pcDNA-CTRP3 and siCTRP3 was detected by RT-PCR assay.
b The protein level of CTRP3 was detected by Western blot. c–e The mRNA levels of CRP, TNF-α, IL-6, CD40, and CD40L were detected by RT-PCR
assay. f–h CRP, TNF-α, IL-6, CD40, and CD40L levels were detected by ELISA assay. *P < 0.05 vs. control group; #P < 0.05 vs. ox-LDL group.
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which promotes the attachment of inflammatory factors to
dysfunctional endothelial cells [34]. Our study showed that
ox-LDL caused a decrease in cell viability, an increase in
LDH leakage, and an increase in ICAM-1 and VCAM-1
expression and that CTRP3 reversed these events.

Vascular homeostasis is maintained by the release of
vasoactive substances. NO promotes angiogenesis in endo-
thelial cells, and vasodilation opposes the effects of
endothelium-derived vasoconstrictors such as ET-1 [35]. De-
termination of the Ang II level is a basic method for assessing
endothelial function [36]. Increased Ang II has been impli-
cated in atherogenesis, and Ang II can promote atheroscle-
rotic lesions [37]. We confirmed that CTRP3 can suppress
Ang II inMEACs exposed to ox-LDL.We found that CTRP3
counteracted ox-LDL, decreased production of ET-1, and
increased production of NO. Apoptosis of endothelial cells
induced by ox-LDL could also promote endothelial dysfunc-
tion, which is a necessary condition for atherosclerosis [38].
CTRP3 replenishment attenuates cardiomyocyte apoptosis in
the ischemic mouse heart [8]. It also protects against high-
glucose–induced apoptosis in rats with diabetic cardiomyop-
athy [39]. Our results indicate that CTRP3 distinctly reversed
MAEC apoptosis induced by ox-LDL, indicating that CTRP3
may be available for endothelial repair during atherosclerosis
by suppressing endothelial cell apoptosis.

Inflammation plays a key part in atherosclerosis, in-
cluding plaque rupture [40]. Numerous studies have pro-
posed that ox-LDL contributes to atherosclerotic inflamma-
tion [41]. Ox-LDL stimulation allows LDL particles to
penetrate the endothelial barrier, and it allows phenotypic
changes in cells to be captured in endothelial cells [42]. Ox-
LDL triggers an increase in the expression of proinflamma-
tory cytokines and in chemokine expression in vascular
endothelial cells [43]. Most studies have shown that circu-
lating inflammatory markers, such as CRP, TNF-α, and IL-
6, are elevated in atherosclerosis plaque and commonly
accompany atherosclerosis [44]. Our results demonstrate
that CTRP3 downregulated CRP, TNF-α, and IL-6 in ox-
LDL–treated MEACs. CD40-CD40L interactions have
been shown to promote atherosclerotic plaques and to ag-
gravate established lesions [45]. Our data indicate that
CTRP3 reduced expression of CD40 and CD40L in ox-
LDL–induced MAECs. Taken together, these results hint
that CTRP9 protected against endothelial dysfunction and
inhibited the inflammatory response to ox-LDL.

The PI3K/Akt signaling pathway is essential for
regulating various cellular and molecular functions
[18]. It is reported that eNOS is involved in regulating
vascular function and can produce NO [46]. In the
endothelial cells, PI3K activates Akt, thereby directly

Fig. 3. Effect of CTRP3 on endothelial dysfunction in ox-LDL–induced MAECs. After transfection with pcDNA-CTRP3 (10 μg) or siCTRP3 (5 μg),
MAECs were stimulated with ox-LDL (100 μg/mL) for 12 h. aCell activity was measured byMTTassay. b The change of LDH release was determined by a
colorimetric LDH cytotoxicity detection kit. c Quantitative analysis of cell apoptosis. d The cell apoptosis was detected by flow cytometry analysis in each
group. e–h Ang II, ET-1, NO, ICAM-1, and VCAM-1 levels were detected by ELISA assay.*P < 0.05 vs. control group; #P < 0.05 vs. ox-LDL group.
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Fig. 4. CTRP3 antagonized ox-LDL–induced inflammation and endothelial dysfunction in MAECs by activating the PI3K/Akt/eNOS pathway. After tre-
atment with LY294002 or L-NAME,MAECswere transfectedwith pcDNA-CTRP3 or siCTRP3 plasmids and exposed to ox-LDL. aRepresentative blots of
p-PI3K, p-Akt, and p-eNOSwere determined byWestern blot. bQuantitative analysis of p-PI3K, p-Akt, and p-eNOS expression. *P < 0.05 vs. control group;
#P < 0.05 vs. ox-LDL group. c Cell activity was measured by MTTassay. d The change in LDH release was determined by a colorimetric LDH cytotoxicity
detection kit. e Quantitative analysis of cell apoptosis. f–j CRP, TNF-α, IL-6, Ang II, ET-1, and NO levels were detected by ELISA assay. #P < 0.05 vs. ox-
LDL group; &P < 0.05 vs. pcDNA-CTRP3 group.
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phosphorylating eNOS [47]. The PI3K/Akt/eNOS
pathway plays a crucial role in ox-LDL–induced endo-
thelial cells [48] and atherosclerosis [17]. Endothelial
dysfunction is relative to the suppression of the
PI3K/AKT/eNOS pathway [49], which has an impor-
tant role in improving endothelial function and allevi-
ating atherosclerosis [50]. Herein, we showed that
CTRP3 ameliorates the ox-LDL–induced inhibition of
PI3K/Akt/eNOS phosphorylation. Pretreatment with
the depressor LY294002 or L-NAME remarkably ab-
rogated the effect of CTRP3 on ox-LDL–induced in-
flammation and endothelial dysfunction. These find-
ings suggest that the protective effect of CTRP3 on
ox-LDL–induced inflammation and endothelial dys-
function may be achieved partly by regulating the
PI3K/Akt/eNOS pathway during atherosclerosis.

In summary, these results confirm that overexpressed
CTRP3may provide a novel approach for preventing inflam-
mation and arterial endothelial dysfunction induced by ox-
LDL. They also show that the inhibitory effect of CTRP3 in
atherosclerosis is due at least in part to its ability to activate the
PI3K/Akt/eNOS pathway and thus CTRP3 may be a novel
target for preventing atherosclerosis and plaque instability.
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