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Abstract: Curcumin (Cur) has multiple pharmacological effects including antitumor, anti-inflammatory, antioxidant
and cardiovascular protective effects. This research aims to further explore whether the cardiovascular protective
effects of Cur are mediated by the miR-590-3p/CD40 pathway. Endothelial cells (ECs) were cultivated with 107
mol/L angiotensin Il (Ang Il) to establish a damage model. Real-time PCR was used to determine the expression of
CD40 and eNOS mRNA on ECs. The protein expressions of CD40 and eNOS were detected by Western blot analysis.
The intracellular activities of SOD, CAT and MDA level were determined by corresponding detection kits, and the
level of reactive oxygen species (ROS) in ECs was measured by ROS assay kit. Ang Il increased both the mRNA and
protein level of CD40, while it down-regulated the expression of eNOS at mMRNA and protein level. These observa-
tions were accompanied by decreased activities of SOD and CAT with increased levels of intracellular MDA and ROS.
Cur and miR-590-3p mimics inhibited the expressions of CD40 mRNA and protein induced by Ang Il and alleviated
the intracellular oxidative stress seen with increased levels of eNOS. However, these beneficial effects caused by
Cur were partially reversed in the presence of miR-590-3p inhibitors. Our results indicate miR-590-3p is involved in
the anti-inflammatory effects of Cur in ECs damaged by Ang II.
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Introduction

The endothelium, a thin layer covering the lin-
ing of blood vessels, maintains the permeabili-
ty of the vessel wall and vascular homeostasis.
Accumulating evidence has shown that endo-
thelial dysfunction and the impaired product-
ion or activities of nitric oxide (NO) are consid-
ered markers for atherosclerosis (AS) [1, 2]. It
is reported that enhanced levels of oxidative
stress lead to eNOS uncoupling and inhibited
NOS activity, which finally cause endothelial
dysfunction in various cardiovascular diseases
through the eNOS/ADMA/DDAH pathway [3,
4]. The function of CD40/CD40 ligand (CD40L)
in AS has been well studied. The CD40/CD40L
system plays a crucial role in the pathophysiol-
ogy of AS via up-regulating the expression of
proinflammatory and prothrombotic genes [5].
Additionally, the CD40/CD40L signaling path-
way may modulate endothelial reactive oxygen
species (ROS) generation [6]. Hausding, M. and
his colleagues have reported that CD40L was
associated with vascular inflammation, oxida-

tive stress and a pro-thrombotic state induced
by angiotensin Il in an animal model [7]. In-
creased levels of sCD40L also resulted in an
impaired anti-platelet function of peripheral
blood angiogenic outgrowth cells through ele-
vated production of ROS [8].

miRNAs are a group of small non-coding RNAs
approximately 22 nucleotides in length, which
usually act as a negative regulator by binding
the 3’-untranslated region (UTR) of their target
MRNAs [9]. Emerging studies have demonstrat-
ed the role of the miR-590 family, a vital group
of miRNAs involved in the regulation of cell
differentiation, in the pathological processes
of many diseases. Pang H and his colleagues
reported that miR-590-3p suppressed epithe-
lial mesenchymal transition (EMT) and metas-
tasis of glioblastoma multiforme (GBM) cells
through inhibiting the expression of Zinc fing-
er E-box-binding homeobox (ZEB) 1 and ZEB2
[10]. Recent studies focused on the cardiovas-
cular protective effects of miR-590 have sug-
gested that mR-590 could protect endothelial
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cells (ECs) from ox-LDL and angiotensin Il (Ang
II)-induced damage in the LOX-1-ROS-p38MA-
PK-NF-kB signaling cascade and the p53-Bcl-
2/Bax-caspase-3 signaling pathway [11-13].
However, to date, there is no research having
reported on the possible relationship between
miR-590 and CD40.

Curcumin (Cur), a polyphenolic compound ex-
tracted from Curcuma longa L., has multiple
pharmacological activities including antitumor,
anti-inflammatory, antioxidant and cardiovas-
cular protective effects [14-17]. Cur has a melt-
ing point of 183°C, a molecular formula of
C,,H,,0, and molecular weight of 368.37. Cur
is practically insoluble in water but, easily solu-
ble in ethanol, alkali, acetone and chloroform
[18-20]. To further elucidate the mechanism of
cardiovascular protection of Cur, we first es-
tablished the Ang ll-induced injured ECs mo-
del and investigated whether the protective
role of Cur depended on a miR-590/CD40 me-
diated pathway.

Materials and methods
Drugs and reagents

Cur was purchased from National Institutes for
Biological Products Control (China). The purity
of Cur was over 99% detected by high per-
formance liquid chromatography (HPLC) and
nuclear magnetic resonance spectroscopy (H-
NMR). Ang Il and dimethyl sulfoxide were pur-
chased from Sigma (St. Louis, USA). DMEM
was purchased from Gibco (New York, USA).
Fetal Bovine Serum (FBS) was purchased from
Hao Yang (Tianjin, China). Reverse transcription
and Real-time PCR Kits were purchased from
TAKARA (Dalian, China). SOD, CAT and MDA
Kits were purchased from Jiancheng (Nanjing,
China). ROS Detection Kit and BCA Protein As-
say Kit were purchased from Beyotime (Jiang-
su, China). Goat anti-CD40 and anti-eNOS anti-
bodies were purchased from Millipore. HRP-la-
beled goat anti-rabbit antibody was purchased
from MBI.

Cell culture

ECs (HUVEC-12) were cultured in 10% FBS
DMEM medium and grown to 80% in the in-
cubator with 5% CO, at 37°C. Before drug
administration, ECs were washed with phos-
phate buffered saline (PBS) and rendered qui-
escent in 1% serum DMEM for 24 h. Cells were

290

divided into the following 5 groups: (1) Control:
Control group; (2) Ang II: 107 mol/L Ang Il treat-
ed group; (3) Ang lI+Cur: pretreated cells with
10° mol/L Cur before 107 mol/L Ang ll; (4) Ang
II+miR-590-3p mimic: pretreated cells with 50
nmol/L miR-590-3p mimic before 107 mol/L
Ang II; and (5) Ang lI+Cur+miR-590 inhibitor:
pretreated cells with 10 mol/L Cur and 100
nmol/L miR-590-3p inhibitor before 107 mol/L
Ang Il.

MTT assay

Resuspended ECs were plated in the 96-well
plate at a density of 1*10° cells/mL, to each
well 200 uL of the cell suspension was added.
PBS was added to the 96-well plate as a seal-
ant. Cells were incubated with 5% CO, at 37°C.
After attachment growth, the supernatant was
discarded, and fresh low glucose DMEM medi-
um containing 1% FBS was added for cell syn-
chronization. After synchronizing 12 h, 100 pL
of medium containing corresponding concen-
trations of Ang Il was added according to our
established groups and incubated with 5% CO,
at 37°C. We then took out the 96-well plate at
12 h, 24 h, and 48 h, respectively, (away from
light), added 10 uL MTT solution (5 mg/mL) and
then incubated with 5% CO, at 37°C for 4 h.
Medium was discarded, 200 yL DMSO was
added and the plate was shaken for 15 min
to make sure blue-violet crystals were com-
pletely dissolved. Then, the sample was quanti-
fied at 490 nm using the spectrophotometer.
The cell inhibition rate/%=(absorbance value of
the control group - absorbance value of each
group)/control group absorbance value.

SOD, CAT and MDA detection

Cell disruption was acquired by repeated freez-
ing and thawing. Cell solution was then centri-
fuged at 3000 rpm for 10 min, and the super-
natant was collected. BCA Protein Assay Kit
was used for measuring the contents of SOD,
CAT and MDA.

ROS detection

Cells were seeded at a density of 1*10° cells/
mL in the 96-well plate. Cells were washed
three times by PBS after drug treatment, and
medium containing 10 umol/L DCFH-DA was
added in each well and incubated with 5% CO,
at 37°C 20 min (away from light). Cells were
washed three times by serum-free medium,
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Figure 1. Effects of different concentrations and in-
cubation times of Ang Il on ECs. The descriptive re-
sults are expressed as the mean + SD, n=6.

and the fluorescence intensity was determined
by fluorescence spectroscopy (excitation wave-
length of 488 nm, emission wavelength of 525
nm).

Real-time PCR analysis

Target and reference gene primers were de-
signed by Prime Premier 5.0 software. Pri-
mers were synthesized by Shanghai Sangon
Biological Engineering Technology and Service
Co., Ltd. CD40: forward primer, 5-GCAGGCAC-
AAACAAGACTGA-3’, reverse primer, 5-TCGTC-
GGGAAAATTGATCTC-3. eNOS: forward primer,
5-GCAACCACATCAAGTATGCCACCAA-3’ reverse
primer, 5-GCTGTTCCAGATTCGGAAGTCTCCT-3'.
GAPDH: forward primer, 5-CTGCACCACCAACT-
GCTTAG-3', reverse primer, 5-AGGTCCACCAC-
TGACACGTT-3'. PCR reaction parameters: initial
denaturation at 95°C (10 s), denaturation at
95°C (5 s), annealing and extension at 60°C
(31 s) followed by 40 cycles. All amplification
reactions were performed in triplicate and the
averages of the threshold cycles (Cts) were
used to interpolate curves with ViiA™ 7 System
SDS Software. The results were expressed as
the ratio of target gene with GAPDH mRNA.

Western blotting

Exponentially growing ECs were divided into 5
groups: (1) Control: Control group; (2) Ang Il:
107 mol/L Ang Il treated group; (3) Ang II+Cur:
pretreated cells with 10° mol/L Cur before 107
mol/L Ang Il; (4) Ang [I+miR-590-3p mimic: pre-
treated cells with 50 nmol/L miR-590-3p mimic
before 107 mol/L Ang II; and (5) Ang lI+Cur+
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miR-590 inhibitor: pretreated cells with 10°
mol/L Cur and 100 nmol/L miR-590-3p inhibi-
tor before 107 mol/L Ang Il. Every group was
incubated with ECs for 24 h. Cells were resus-
pended by PBS, and then protein was extract-
ed. Protein samples mixed with loading buffer
were degenerated at 95°C for 5 min and then
naturally cooled. Samples (20 ug) were loaded
in the gel, and electrophoresis (60 V integrated
voltage, 120 V constant voltage) was perform-
ed. A semi-dry transfer method was used to
transfer proteins from gel to membrane for 48
min. Nonfat 5% milk was used to block for 1
h, and then the diluted primary antibody was
added and incubated at 4°C for 16 h. The mem-
brane was washed, and the diluted second-
ary antibody was added and shaken at room
temperature for 1 h. The blots were detected
using the ChemiDoc XRS+ Image system (Bio-
Rad, USA).

Dual luciferase reporter assay

The wild-type human CD40 3’-UTR sequence
containing predicted miR-590-3p target sites
and mutant 3-UTR of CD40 were synthesized
and inserted into the pGL3 control vector (Pro-
mega, USA). For the reporter assay, ECs were
seeded into 24-well plates and co-transfect-
ions of CD40-3'UTR or mut-CD40-3'UTR plas-
mid were performed with miR-590-3p mimics
or negative control. Luciferase activities were
evaluated using the dual luciferase assay sys-
tem (Promega, USA) after 24 h incubation.

Statistical analysis

SPSS software (Version 11.5) was used for the
statistical analysis. The data were express-
ed as the mean * SD. A two-tailed Student’s
t-test was used for the comparison of differ-
ences between two independent groups. The
differences among the groups were compared
using a one-way ANOVA. P<0.05 was consid-
ered to be statistically significant.

Results
Ang ll-induced injured ECs model

We first performed the MTT assay to determine
the ideal concentration and time for ECs injury
by Ang Il. The cell inhibition rate was significant-
ly elevated with the increase of Ang Il concen-
tration and time course. The ideal cell inhibition

Am J Transl Res 2017;9(2):289-300
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rate for the experiment was approximately
60%, with an Ang Il concentration of 107 mol/L
for 24 h (Figure 1).

miR-590-3p inhibits the expression of CD40
in ECs

To test the possible effects of miR-590-3p on

CD40 expression, we transfected ECs with dif-
ferent concentration of miR-590-3p mimics for
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Figure 2. Effects of a miR-590-3p mimic on
CD40 expression. A. miR-590-3p expression after
transfection with miR-590-3p mimic control, 25
nmol/L, 50 nmol/L and 100 nmol/L miR-590-3p
mimics in ECs; B. CD40 mRNA expression after
administration with miR-590-3p mimics; C. CD40
protein expression after administration with miR-
590-3p mimics. All values are expressed as the
mean + SD, n=3. **P<0.01 vs Control.

24 h. A dose response analysis allowed us
to determine that 50 nmol/L miR-590-3p mi-
mics led to an approximately 10-fold increase
in miR-590-3p, which was appropriate for the
subsequent experiment (Figure 2A). We then
found that miR-590-3p mimics significantly in-
hibited CD40 expression both at the mRNA
and protein levels in ECs (Figure 2B and 2C).
We have also confirmed that 100 nmol/L miR-
590-3p inhibitor was appropriate for subsequ-

Am J Transl Res 2017;9(2):289-300
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ent experiments, which can result in an approx-
imately 5-fold decrease in miR-590-3p in ECs
(Figure 3A-C).

miR-590-3p directly targets CD40 in ECs

We used the database of microrna.org to pre-
dict the potential target of miR-590-3p. CD40,
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Figure 3. Effects of a miR-590-3p inhibitor on
CD40 expression. A. miR-590-3p expression after
transfection with miR-590-3p inhibitor control, 50
nmol/L, 100 nmol/L and 200 nmol/L miR-590-3p
inhibitors in ECs; B. CD40 mRNA expression after
incubation with miR-590-3p inhibitors; C. CD40
protein expression after incubation with miR-
590-3p inhibitors. All values are expressed as the
mean * SD, n=3. **P<0.01 vs Control.

which is known to serve a critical role in the pro-
cess of inflammation, was predicted as one of
the targets (Figure 4A). Luciferase activities
assay indicated that miR-590-3p significantly
suppressed the luciferase activity of wild-type
but not the mutant 3'UTR of the CD40 gene
in ECs (Figure 4B). This result suggests that
CD40 is a direct target of miR-590-3p.

Am J Transl Res 2017;9(2):289-300
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Figure 4. Dual luciferase reporter assay. A. The complementary sequence
between miR-590-3p and CD40 3’UTR. B. Luciferase activities of wild-type
3'-UTR CD40 and mutant 3'-UTR CD40 constructs in ECs. All values are ex-
pressed as the mean + SD, n=3. **P<0.01, compared with negative control.

Table 1. Effects of Cur on lipid peroxidation and anti-oxidant en-
zyme activity (x s, n=3)

Group SOD CAT . MDA .
(U/mL) (U/mg protein) (nmol/mL protein)
Control 19.56+0.17 37.25+1.55 8.68+0.15
Ang Il 11.08+0.54™ 25.26+0.85™" 12.14+0.36™
Ang lI+Cur 16.72+0.96*  32.44+3.26* 10.09+0.80##
Ang [I+miR-590 17.28+0.69% 35.18+1.62% 10.25+2.07#

27.24+4.24% 12.55+0.92%

accompanied by decreased
MDA content in ECs. However,
pretreatment of ECs with 100
nmol/L miR-590-3p inhibitors
blocked this protective effect
of Cur (Table 1).

Effects of Cur on the ROS
level induced by Ang Il in ECs

Compared with the control
group, the level of ROS was
increased by 2.8-fold in the
model group in which ECs
were treated with 107 mol/L
Ang Il for 24 h. In compari-
son with the Ang ll-treat-
ed group (287.32+8.63)%,
the ROS level was decreas-
ed to (188.12+17.37)% (P<
0.05), (161.38+8.96)% (P<
0.01) after being processed
by 10° mol/L Cur and 50
nmol/L miR-5903p mimics,
respectively. However, pre-
treatment of ECs with 100
nmol/L miR-5903p inhibitors
partially blocked these effects
caused by Cur. Our data
showed Curcan significantly
inhibit the increase of intra-
cellular ROS  production
induced by Angll through a
miR-590-3p dependent path-

Ang ll+Cur+inhibitor 12.50+1.21%

way (Figure 5).

miR-590 represents miR590-3p-mimic, inhibitor represents miR-590-3p inhibitor,

**P<0.01 vs Control, #P<0.05, #P<0.01 vs Ang Il, ¥P<0.05, ¥4P<0.01 vs Ang II+Cur.

Effects of Cur on antioxidant enzyme activity in
Ang ll-induced damaged cells

We detected SOD, CAT activity and MDA con-
tent to determine the cell lipid peroxidation
level and the protective role of Cur. Previous
research has indicated that 10° mol/L Cur
showed a great efficiency on endothelial pro-
tection [21, 22]. Therefore, in the subsequ-
ent experiments of our study, we chose 10°
mol/L Cur to prevent the Ang Il-induced dam-
age in ECs. Compared with the control group,
the endogenous antioxidant enzyme activi-
ties of SOD and CAT were decreased, whereas
the MDA content was increased in the model
group. Compared with the model group, 10°
mol/L Cur and 50 nmol/L miR-590-3p mimics
partially restored the activities of SOD and CAT
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Effects of Cur on miR-590-3p
expression in ECs

We used real-time PCR to determine the expres-
sion of miR-590-3p in different cell groups. As
shown in Figure 6, 107 mol/L Ang Il induced a
remarkable decrease in miR-590-3p expres-
sion. Pretreatments of ECs with 10 mol/L Cur
and 50 nmol/L miR-590-3p mimics before Ang
Il administration significantly reversed the
expression of miR-590-3p. However, the effect
of Cur on miR-590-3p expression was inhibited
in the presence of the miR-590-3p inhibitor
(Figure 6).

Effects of Cur on CD40 and eNOS expression
in ECs

As mentioned above, the expression of eNOS

partly reflects the endothelial function. The
CD40/CD40L pathway is vital in regulating cell

Am J Transl Res 2017;9(2):289-300
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Figure 5. Effects of Cur on ROS production induced
by Ang Il. The descriptive results of ROS produc-
tion are expressed as the mean + SD, n=3. Con-
trol: Control group; Ang Il: 107 mol/L Ang Il treated
group; Ang lI+Cur: pretreated cells with 10° mol/L
Cur before 107 mol/L Ang II; Ang lI+miR-590-3p
mimic: pretreated cells with 50 nmol/L miR-590-3p
mimic before 107 mol/L Ang Il; Ang 1I+Cur+miR-590
inhibitor: pretreated cells with 10®° mol/L Cur and
100 nmol/L miR-590-3p inhibitor before 107 mol/L
Ang Il. ”"P<0.01, compared with Control, #P<0.01,
compared with Ang Il, ¥P<0.01, compared with Ang
II+Cur.

inflammation, immunity, and oxidative stress.
Therefore, in this research, we also observed
the change of CD40 and eNOS expression
among different groups. Compared with the
control group, the expression of eNOS was
decreased significantly, while CD40 expression
was significantly increased at both the mRNA
and protein levels in the model group. After
being processed with Cur and miR-590-3p
mimics, the down-regulation of eNOS was par-
tially reversed and accompanied by a decrease
of the CD40 expression induced by Ang Il
These effects caused by Cur were inhibited in
the presence of miR-590-3p inhibitors (Figures
7 and 8).

Discussion

The vascular endothelium is crucial in maintain-
ing cardiovascular homeostasis. Endothelium
dysfunction is a common pathological and
physiological characteristic of a variety of car-
diovascular diseases, including atherosclero-
sis, hypertension and diabetes. NO is an impor-
tant cellular signaling molecule for cardiovascu-
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Figure 6. Effects of Cur on miR-590-3p expression
in ECs. The expressions of miR-590-3p are deter-
mined by real-time PCR in different groups. Values
are presented as the mean + SD; n=3. Control: Con-
trol group; Ang II: 107 mol/L Ang Il treated group;
Ang II+Cur: pretreated cells with 10°° mol/L Cur be-
fore 107 mol/L Ang II; Ang [I+miR-590-3p mimic:
pretreated cells with 50 nmol/L miR-590-3p mimic
before 107 mol/L Ang II; Ang lI+Cur+miR-590 in-
hibitor: pretreated cells with 10° mol/L Cur and
100 nmol/L miR-590-3p inhibitor before 107 mol/L
Ang Il. ""P<0.01, compared with Control, #P<0.01,
compared with Ang Il, #P<0.01, compared with Ang
[I+Cur.

lar function and its formation is catalyzed by
eNOS (endothelial NOS) from L-arginine. The
impairment of eNOS leads to many cardiovas-
cular diseases including heart failure, stroke,
and atherosclerosis [23-25], which may be
partly due to the subsequent dysfunction of
endothelium caused by the low level of NO
and the abnormally increased levels of ROS
induced by uncoupling of eNOS [26]. CD40, a
type | transmembrane glycoprotein, belongs to
the tumor necrosis factor receptor family and
is expressed in a variety of cells including ECs.
Additionally, many proinflammatory cytokines,
such as IL-1, 3 and 4; TNF-&; and INF-y, can sti-
mulate the expression of CD40 [27]. CD40 is
a high risk factor of atherosclerosis and may
promote an inflammatory response that is as-
sociated with endothelial dysfunction and hy-
percoagulability [28]. Ma, Y. and his colleagues
have already reported an increased level of
CD40 in Ang ll-treated dendritic cells combin-
ed with increased secretion of 1L-12p70, IL-6,
TNF-a and ROS [29]. Our team also reported

Am J Transl Res 2017;9(2):289-300
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Figure 7. Effects of Cur on CD40 expression in ECs injured by Ang Il. The levels of (A) CD40 mRNA expression were
determined by real-time PCR; The levels of (B) CD40 protein expression were determined by Western blotting. The
descriptive results of CD40 expression are expressed as the mean + SD, n=3. Control: Control group; Ang II: 107
mol/L Ang Il treated group; Ang lI+Cur: pretreated cells with 10° mol/L Cur before 107 mol/L Ang Il; Ang lI+miR-590-
3p mimic: pretreated cells with 50 nmol/L miR-590-3p mimic before 107 mol/L Ang II; Ang lI+Cur+miR-590 inhibi-
tor: pretreated cells with 10° mol/L Cur and 100 nmol/L miR-590-3p inhibitor before 107 mol/L Ang Il. **P<0.01,
compared with Control, #P<0.05, #P<0.01, compared with Ang Il, ¥P<0.05, #¢P<0.01, compared with Ang II+Cur.

the CD40/CD40L signaling pathway was in-
volved in the processes of ischemic stroke
and post-stroke epilepsy [30-32]. Moreover,
a recent study from our group identified the
anti-proliferative and anti-inflammatory effects
of aspirin were partially mediated by the miR-
145/CD40 pathway [33]. As we know, a certain
MRNA can be regulated by several miRNAs
though complete or incomplete pairing at the
3’-UTR. Sometimes, the associated miRNAs,
mMRNAs and transcriptional regulatory factors
can form a complex regulatory network and
play a critical role in the pathogenesis of many
diseases. By using a bioinformatics method,
we found that CD40 was also a potential tar-
get of miR-590-3p. It is therefore tempting to
explore the association between CD40 and
miR-590-3p. As described in the results, incu-
bation of cells with miR-590-3p mimics signifi-
cantly decreased the expression of CD40 both
at mRNA and protein levels. Further, our dual
luciferase reporter assay experiment also dem-
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onstrated that CD40 was a direct target of
miR-590-3p.

The traditional Chinese medicine turmeric is
used to treat many diseases. A wealth of sci-
entific data suggests that Cur (the major ac-
tive ingredient of turmeric) exhibits powerful
antitumor, antiviral, antibacterial and antifun-
gal properties via its regulation of various tran-
scription factors, growth factors, protein kinas-
es, cytokines and other enzymes. It has been
reported that Cur can function as an antioxi-
dant by inhibiting the nuclear transcription fac-
tor NF-kB. Sharma et al. showed that Cur signi-
ficantly inhibited proliferation, antibody produc-
tion and lymphokine secretion by down-regulat-
ing CD28, CD80 and up-regulating CTLA-4 and
suppressed the activity of macrophages and
T and B cells [34]. Duan et al. demonstrated
that administration of Cur may attenuate isch-
emia-reperfusion injury in isolated perfused rat
hearts [35]. Cur can also ameliorate diabetic

Am J Transl Res 2017;9(2):289-300
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Figure 8. Effects of Cur on eNOS expression in ECs injured by Ang Il. The levels of (A) eNOS mRNA expression were
determined by real-time PCR; The levels of (B) eNOS protein expression were determined by Western blotting. The
descriptive results of eNOS expression are expressed as the mean + SD, n=3. Control: Control group; Ang II: 107
mol/L Ang |l treated group; Ang ll+Cur: pretreated cells with 10° mol/L Cur before 107 mol/L Ang Il; Ang l1+miR-590-
3p mimic: pretreated cells with 50 nmol/L miR-590-3p mimic before 107 mol/L Ang II; Ang lI+Cur+miR-590 inhibi-
tor: pretreated cells with 10° mol/L Cur and 100 nmol/L miR-590-3p inhibitor before 107 mol/L Ang Il. **P<0.01,
compared with Control, #P<0.01, compared with Ang Il, P<0.01, compared with Ang II+Cur.

cardiomyopathy in streptozotocin-induced dia-
betic rats [36]. Thus, Cur exerts extensive pro-
tection of the cardiovascular system. Some sci-
entists have also investigated the association
between Cur and CD40/CD40L signaling, and
found that administration of Cur could inhibit
the expression of CD40L and improve the per-
meability of coronary artery in an AS rat model
as well as decrease the expression of CD40 in
K562 leukemia cells [37, 38].

However, no research has addressed the pos-
sible link between the endothelial protective
effects of Cur and the miR-590-3p/CD40 path-
way in Ang ll-treated ECs. In current study, we
first established an ECs injury model by Ang II.
We observed the CD40, eNOS and miR-590-3p
expression, with our data showing that cells are
under high level of oxidative stress in the Ang
[l-induced ECs injury model along with a signi-
ficantly increased expression of CD40, decre-
ased expression of eNOS and apparent sup-
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pression of miR-590-3p. The up-regulation of
CD40 was inhibited in the presence of Cur or
miR-590-3p mimics, and the reduction of eNOS
was also partly blocked accompanied by a sig-
nificant improvement in oxidative stress in ECs.
It has been well documented that Ang Il can
induce the expression of CD40 and NF-kB sig-
naling [39]. Activating the CD40/CD40L path-
way can also induce the generation of ROS by
uncoupling eNOS, resulting in ECs damage. Our
results indicate that Cur protects the endothe-
lium through inhibiting the expression of CD40
and oxidative stress levels in a miR-590-3p-
dependent pathway.

It should be mentioned that more large-scale
in vitro and in vivo studies are still in need to
fully prove the protective mechanisms of Cur.
Further pharmaceutical studies are warranted
to develop Cur into a promising treatment for
cardiovascular disease.
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