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Background: Ticagrelor is the first oral anti-platelet agent which has direct anti-platelet aggregation effect by combining
with ADP P2Y12 receptors in platelets. It has been approved to reduce the incidence of thrombus cardiovas-
cular events in acute coronary syndrome patients. However, the effects of ticagrelor on endothelial apoptosis
have not been investigated.

Material/Methods: Oxidized low-density lipoprotein (ox-LDL) was used to establish a human umbilical vein endothelial cell (HUVEC)
apoptosis model. To investigate the effects of ticagrelor on endothelial apoptosis, the HUVECs were treated
with different dose of ticagrelor. Apoptosis rates of HUVECs was evaluated by flow cytometry, and the expres-
sion levels of Akt, p-Akt, Bcl-2, Bax, caspase-3, endothelial nitric oxide synthase (eNOS), and nitric oxide (NO)
concentration were assessed.

Results: After treatment with 50 ug/mL ox-LDL or 100 ug/mL ox-LDL, we found that the late apoptosis and necrosis
rate and the expression levels of Bax and caspase-3 were significantly increased in HUVECs, whereas the ex-
pression levels of Akt, p-Akt, Bcl-2, eNOS, and NO were significantly decreased. Ticagrelor restored the apop-
tosis rate of ox-LDL-induced HUVECs in a dose-dependent manner. In addition, compared with ox-LDL group,
ticagrelor treatment significantly increased the expression levels of Akt, p-Akt, Bcl-2, eNOS, and NO concentra-
tion, and significantly decreased the expression levels of Bax and caspase-3.

Conclusions: We found that ox-LDL induced significant apoptosis and necrosis in our model, which was dose-dependently im-
proved by ticagrelor. These changes might be explained by alterations in apoptosis and antioxidant pathways.
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Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/917001

%2024 EE— M‘ZI4 %19

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




LAB/IN VITRO RESEARCH

Background

Vascular endothelial cells form a biological barrier to prevent
the invasion of vascular exogenous substances across the ves-
sel wall, and their apoptosis has been considered one of the
important factors for the initiation and development of athero-
sclerosis [1]. Phosphateidylinositol 3 kinase/serine-threonine
kinase (PI3K/Akt) is one of the most important pathways to
regulate proliferation and maintain biological characteristics
of cells. Akt activated by PI3K can regulate apoptosis of cells
in pleiotropic ways. The main role of Akt is anti-apoptosis al-
though it shows apoptosis-promoting effect in some special
conditions, and it may participate in the anti-apoptosis process
of endothelial cells in the early period of atherosclerosis [2,3].

Ticagrelor is the first oral anti-platelet agent which has direct
anti-platelet aggregation effect by combining with adenosine-
diphosphate (ADP) P2Y12 receptors in platelets reversibly [4].
It has been approved to reduce the incidence of thrombus car-
diovascular events in acute coronary syndrome patients and
improve the function of endothelium [5-7]. In previous stud-
ies on clopidogrel, another ADP receptor antagonist, the au-
thors found that clopidogrel-treated rabbits showed a signifi-
cant reduction in progression of atherosclerosis, including low
expression levels of high sensitivity C-reactive protein and
platelet-derived growth factor, reduction in intima thickness,
and decreased ratio of bcl-2/bax in the vascular wall. These
results suggest that clopidogrel can retard the progression of
established lesions that is related to inhibiting inflammation,
cell proliferation, and promotion of cell apoptosis [8].

The effect of ticagrelor on endothelial apoptosis is not com-
pletely illustrated. Hence, we established HUVECs apoptosis
model by administration of ox-LDL to investigate the interven-
tion effect and the possible molecular mechanisms of ticagre-
lor on the apoptosis of endothelial cells in the early period of
atherosclerosis, which may provide further understanding of
the molecular mechanism and new ideas for clinical treatment
of atherosclerosis.

Material and Methods

Cell culture

HUVECs pools (purchased from Life Technologies) were plated
on a 6-well plate and grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) (Gibco, Thermo Fisher Scientific, Beijing).
The medium consisted of D-glucose (4.5 g/L), L-glutamine
(100 U/mL), sodium pyruvate (110 mg/L), streptomycin
(100 mg/mL), penicillin (100 U/mL), and 10% heat-inactivated
fetal calf serum (10% FBS) at 37°C with 5% CO,.
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Flow cytometry

Cells were washed 3 times with phosphate buffered solu-
tion and divided into 6 groups: negative control 24-hour
(NC 24h) group, NC 48h group, 50 ug/mL ox-LDL 24h group,
50 ug/mL ox-LDL 48h group, 100 ug/mL ox-LDL 24h group,
and 100 ug/mL ox-LDL 48h group. For ox-LDL groups, cells
were grown in 50 ug/mL or 100 ug/mL ox-LDL for 24 hours or
48 hours. After the optimum concentration and duration to in-
duce HUVECs apoptosis were determined, the ox-LDL-induced
cells were treated with different dose of ticagrelor; ticagrelor
dissolved in dimethyl sulfoxide (DMSO) was added at a final
concentration of 20 pmol/L, 40 pmol/L, or 60 pmol/L. Therefore,
the cells were divided into 5 groups: NC group, ox-LDL group,
0X-LDL+20 pmol/L ticagrelor (ox-LDL+T20) group, ox-LDL+T40
group, and ox-LDL+T60 group. For the detection of apopto-
sis, HUVECs (1x10° were stained with Annexin V conjugated
fluorescein isothiocyanate (FITC) and propidium iodide (PI) by
using AV-FITC kit according to the manufacturer’s guidelines.
No less than 20 000 cells were attained in a FACSVerse flow
cytometer. Then the stained cells were examined with 488 nm
excitation filter and a 525 nm for FITC and a 620 nm filter for
PI detection. This staining allowed us to separate 3 subsets
of cells, Annexin V negative/Pl negative represented viable
cells, Annexin V positive/Pl negative indicated early apoptotic
cells, and Annexin V positive/PI positive indicated late apop-
totic and necrotic cells.

Western blot

Western blot analysis was used to determine the protein ex-
pression levels of Akt, p-Akt, Bcl-2, Bax, caspase-3, total eNOS,
and B-actin. Briefly, cells were lysed in RIPA buffer (KeyGEN
BioTECH, Nanjing) and phenylmethylsulfonyl fluoride (KeyGEN
BioTECH), and protein concentration was quantified by BCA
Protein Assay Kit (Thermo Scientific, Wilmington). The samples
(about 10 pg same amount of total protein) were separated on
8% PAGE gels followed by transferring to PYDF membranes, and
the membranes were incubated overnight at 4°C with the fol-
lowing primary antibodies: B-actin (Proteintech, Danvers, MN,
USA, 1: 4000), Akt (Cell Signaling, Boston, MA, USA, 1: 1000),
p-Akt (Abcam, Branford, CT, USA, 1: 7500), Bcl-2 (Abcam, Inc,
Cambridge, UK, 1: 2000;), Bax (Abcam, Inc, Cambridge, UK,
1: 2000;), caspase-3 (Cell Signaling, 1: 2000), eNOS (Franklin
Lakes, NJ, USA), and washed 3 times with TBS+Tween (TBST),
and then the membranes were incubated with secondary per-
oxidase-conjugated antibodies for 1 hour at room tempera-
ture. After washed 3 times with TBST, membranes were devel-
oped using Western Lightning ECL Pro (PerkinElmer, Waltham,
MA, USA). And the band intensity was assessed using Image)
laboratory software, B-actin was used as standardization for
the quantitative assessment of western blot.
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Enzyme-linked immunosorbent assay (ELISA)

Concentration of NO in HUVEC was evaluated by enzyme-linked
immunosorbent assay (ELISA) (Cell Signaling, Danvers, MA, USA)
according to the manufacturer’s instructions. Briefly, HUVECs
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were treated with different dose of ticagrelor for 24 hours.
Quantitative analysis of NO was performed after 24-hour in-
cubation. After the protein concentration was quantified by
BCA kit, about 10 pg of total protein was added to each well.
Data were acquired at 550 nm.
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Figure 1. Representative flow cytometric data from HUVECs. The lower left quadrant represents living cells, the lower right quadrant
represents early apoptosis cells, the upper left quadrant and the upper right quadrant represent late apoptosis and
necrosis cells. (A) NC 24 h; (B) NC 48 h; (C) 50 ug/mL ox-LDL 24 h; (D) 50 ug/mL ox-LDL 48 h; (E) 100 ug/mL ox-LDL 24 h;
(F) 100 ug/mL ox-LDL 48 h. (G) Comparison of apoptosis and necrosis rates in each group. * Indicates significant difference

between the 2 groups at P<0.05.

Statistical analysis

All data are expressed as meanzstandard error and com-
pared with one-way ANOVA followed by Bonferroni correc-
tion, 2-tailed unpaired Student’s t-test was used for compar-
ison between the 2 groups. GraphPad Prism 6.0 was used for
data statistical analysis. P value <0.05 was considered as sta-
tistically significant.

Results

Ox-LDL induced significant apoptosis in HUVECs

After induced via 50 ug/mL and 100 ug/mL ox-LDL for 24 hours
and 48 hours, our results showed that the apoptosis rate in
HUVECs was increased in a time-and dose-dependent manner.
After stimulated with 50 ug/mL ox-LDL, the late apoptosis and
necrosis rates were 19.06+1.65% and 11.86+0.43% at 24 hours,
and 18.95+1.98% and 30.83+1.95% at 48 hours, respectively.
And stimulated with 100 ug/mL ox-LDL, the late apoptosis and
necrosis rates were 16.96+1.05% and 33.06+3.03% at 24 hours,
and 17.37+0.67% and 43.12+2.55% at 48 hours, respectively
(Figure 1). Figure 1 shows that comparison with other groups:
50 ug/mL ox-LDL and 24 hours induced relatively higher apop-
tosis rate and relatively necrosis rate. Therefore, the optimum
concentration and duration to induce HUVECs apoptosis by
ox-LDL might be 50 ug/mL and 24 hours.

Ticagrelor dose-dependently reduced ox-LDL-induced
apoptosis in HUVECs

Compared with ox-LDL group, the apoptosis rate was signifi-
cantly decreased after the intervention of ticagrelor in 50 ug/mL
ox-LDL-induced HUVECs model at 24 hourd, and a dose-depen-
dent improvement in ticagrelor groups was observed. The late
apoptosis rate in NC, ox-LDL, ticagrelor,, ticagrelor,, ticagre-
lor,, groups were 1.06+0.15%, 15.34+1.47%, 6.51+1.49%,
4.63+0.39%, and 3.42+ 0.09% respectively (Figure 2).

Ticagrelor attenuated ox-LDL-induced HUVECs apoptosis
through the Akt pathway

Compared with NC group, the expression levels of anti-apop-
tosis related factors Akt, p-Akt, and Bcl-2 were significantly de-
creased, the expression levels of pro-apoptosis factors Bax and
caspase-3 were significantly increased, and the expression lev-
el of antioxidant factor eNOS was also significantly decreased
in the ox-LDL group. In addition, p-Akt/Akt and Bcl-2/Bax were
significantly decreased in the ox-LDL group compared to the
NC group. These changes were significantly improved in the ti-
cagrelor group (Figure 3). As for NO concentration, NO concen-
tration was significantly decreased in ox-LDL group compared
with the NC group, while NO concentration in the ticagrelor
groups was significantly increased (Figure 4).

Discussion

In this study, we found that ox-LDL induced significant apop-
tosis and necrosis in our model, and the optimum concen-
tration and duration to induce HUVECs apoptosis by ox-LDL
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Figure 2. Representative flow cytometric data from HUVECs. The lower left quadrant represents living cells, the lower right quadrant
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represents early apoptosis cells, the upper left quadrant and the upper right quadrant represent late apoptosis and necrosis
cells. (A) NC group; (B) ox-LDL group; (C) ox-LDL+ticagrelor20 group; (D) ox-LDL+ticagrelor40 group; (E) ox-LDL+ticagrelor60
group; (F) Comparison of apoptosis rate in each group. Ticagrelor can dose-dependently reduced ox-LDL induced apoptosis,
in the histogram, * Indicates significant difference between the 2 groups at P<0.05.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-




Kang M. et al.:

LA B/ I N V I T RO R E S EA RC H Beneficial effects of ticagrelor on ox-LDL-induced apoptosis...
© Med Sci Monit, 2019; 25: 9811-9819

A
ox-LDL ox-LDL ox-LDL
NC 0x-LDL +120 +T40 +T60
p-Akt _
Caspase3 _
BEaCtin _
B 15 % C 154 *
r * 1 r % 1
1 1
* * * % NS *
10 1
1.0 _ 101 I ] 1T l
*:'E, NS * §
& o <
= =
= 05+ S 051
0.0- 0.0-
NC ox-LDL ox-LDL ox-LDL ox-LDL NC ox-LDL ox-LDL ox-LDL ox-LDL
+120 +T40 +T60 +T120 +T40 +T60
D E . — |
1
15+ * 15+ N N
! * ' 1 .
1
*
_ 1.0 _ 104
4 4
= 054 = 054
0.0- 0.0-
NC ox-LDL ox-LDL ox-LDL ox-LDL NC ox-LDL ox-LDL ox-LDL ox-LDL
+120 +T40 +T60 +120 +T40 +T60

This work is licensed under Creative Common Attribution- Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 9816 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
: : [Chemical Abstracts/CAS]




Kang M. et al.:

Beneficial effects of ticagrelor on ox-LDL-induced apoptosis... LA B/ I N V I T RO R E S EA RC H

© Med Sci Monit, 2019; 25: 9811-9819

F * G
r ¥ 1
I—I
2.0+ 1.5
1.5
% = 101
5 10- &
2 =)
=3 =
S “ 0.5
0.5
0.0 - 0.0-
ox-LDL ox-LDL ox-LDL ox-LDL NC ox-LDL ox-LDL ox-LDL ox-LDL
+T120 +T40 +T60 +T120 +T40 +T60
H |
*
I * 1
2.5+
I—I
£ =
g B
< <
= 2
o (=)
ox-LDL ox-LDL ox-LDL ox-LDL NC ox-LDL ox-LDL ox-LDL ox-LDL
+T120 +T40 +T60 +T120 +T40 +T60

Figure 3. (A) Representative photographs of Western blot. Comparison of protein expression levels of Akt (B), p-Akt (C), Bcl-2 (D),
Bax (E), caspase-3 (F), and eNOS (G) determined by Western blot. (H) p-Akt/Akt; (I) Bcl-2/Bax.

might be 50 ug/mL and 24 hours. We also found that ticagre-

400 - T — 1 lor can dose-dependently attenuate ox-LDL-induced apoptosis
. . N NS in HUVECs. In addition, these changes might be explained by

300 1 alterations in apoptosis and antioxidant pathways.
= Ticagrelor is an antagonist for G protein coupled receptor
£ 2001 P2Y12, which is activated by adenosine diphosphate. It not
= only inhibits platelet activation and aggregation by antago-
100 nizing P2Y12 receptor, but also has several anti-inflammatory
effects. Li et al. [9] showed that the atherosclerotic lesion in
0. apoE7~/P2Y127~ double knockout mice was significantly re-
NC oxlDL oDl oxLDL  oxLDL duced compared to control mice. A previous study on ticagrelor
+120 +T40 +160 also found that ticagrelor has a protective effect in endothe-
lial function through decreasing circulating epidermal growth
Figure 4. NO concentration determined by enzyme-linked factor, which leads to the activation of eNOS in the vascular
immunosorbent assay (ELISA) in each group. * Indicates  endothelium [10]. Ticagrelor can inhibit the activity of equili-
significant difference between 2 groups at P<0.05. brative nucleoside transporter 1 (ENT1), which inhibits cellu-

lar adenosine uptake and elevated adenosine content in the
blood [11]. In addition, many in vitro studies have also found

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
9817 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LAB/IN VITRO RESEARCH

that ticagrelor can induce adenosine triphosphate release
from human red blood cells [12]. A recently animal experiment
found that ticagrelor promoted atherosclerotic plaque stabil-
ity in a mouse model of advanced atherosclerosis, which was
induced by a reduction of ox-LDL uptake in RAW 264.7 mac-
rophages [13]. However, the anti-atherosclerosis mechanisms
of this compound remained largely unclear.

Apoptosis in endothelial cell has been implicated in the de-
velopment of early period of atherosclerosis. Previous stud-
ies have showed that the increased apoptosis rate of endo-
thelial cells was observed in atheromatous plaques, leading
to monocyte adhesion and the formation of foam cell, which
may play an important role in the maintenance and develop-
ment of atherosclerosis [14]. Thus, it is urgent to identify the
effective protection against endothelial cell apoptosis. In our
study, we found that ticagrelor dose-dependently reversed
ox-LDL-induced apoptosis rate in our model. To further clarify
the potential mechanisms, Akt and its associated apoptosis
pathways were detected.

Abnormal expression levels of apoptotic factors were gener-
ally associated with the process of apoptosis, these factors
consisted of anti-apoptotic Bcl-2, pro-apoptotic Bax, and so
on. One of the most classical apoptosis pathways is that Bax
forms oligomers, which transfer from cytoplasm to mitochon-
drial membrane, leading to mitochondrial membrane depo-
larization [15]. Subsequently, cytochrome C is released from
mitochondria into the cytoplasm and triggers the activation
of caspase pathway, thus promoting cell apoptosis [16]. Upon
apoptotic stimulation, the expression level of Bax is usually
increased, which will lead to a decreased expression level of
Bcl-2 [17].

In our study, our results demonstrated that ox-LDL led to in-
creased expression levels of Bax and caspase-3, and decreased
the expression level of Bcl-2 in our model, and the Bcl-2/Bax
ratio was significantly decreased, and these changes were im-
proved following exposure to ticagrelor. Furthermore, ticagre-
lor attenuated the ox-LDL-induced apoptosis in HUVECs.
Consequently, we found that compared with the NC groups,
the expression levels of Akt and p-Akt were significantly de-
creased in ox-LDL groups. However, the expression levels of Akt
and p-Akt were significantly elevated in ticagrelor group, which
suggested that ticagrelor improved ox-LDL-induced apoptosis
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