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Pravastatin and C reactive protein modulate protease- activated receptor-1 expression in 
vitro blood platelets
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Abstract: Protease-activated receptor-1 (PAR-1) plays an important role in mediating activation of human platelets by thrombin. However, 
mechanism of statin in ADP-induced platelet PAR-1 expression is also unknown. Aggregometry, flow cytometry, immunoblotting and ELISA 
were used to determine role of pravastatin participating in ADP-induced platelet activation and PAR-1 expression. ADP stimulation significantly 
increased PAR-1 expression on platelets. PAR-1 antagonist SCH-79797 inhibited platelet aggregation as well as decreased platelet P-selectin ex-
pression induced by ADP. CRP inhibited PAR-1 expression induced by ADP in a concentration-dependent manner. Pravastatin treatment reduced 
PAR-1 expression in a concentration-dependent manner. Combination treatment of CRP and Pravastatin significantly reduced platelet PAR-1 
expression induced by ADP. By western-blot analysis, pravastatin treatment did not influence total PAR-1 after ADP treatment. CRP decreased 
platelet total PAR-1 expression induced by ADP. Pravastatin and CRP reduced TXB2 formation by ADP significantly. CRP decreased thrombin 
fragment F1+2 level with ADP treatment. Pravastatin, in contrast, did not influence F1+2 level. Upon treatment with Pravastatin reduced platelet 
LOX-1 expression induced by ADP. In conclusion, PAR-1 served as a critical mechanism to relay platelet activation process induced by ADP. 
CRP and pravastatin reduce PAR-1 expression in platelet by ADP pathway.
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Introduction

Thrombin is the most effective activators of platelets. 
Thrombin receptors have been cloned and sequenced 
from human platelets (1) and are known as protease-ac-
tivated receptors (PARs), protease-activated receptor-1 
and -4 (PAR-1, PAR-4) (2,3). PAR1, the prototype for 
this family, mediates activation of human platelets at 
low thrombin concentrations. PAR-1 antagonist vora-
paxar effectively reduced the occurrence of periproce-
dural myocardial infarction when added to  thw dual-
antiplatelet therapy (4).

ADP, secreted from dense granules, is important 
positive feedback activator of platelets that amplify 
thrombus growth and increase thrombus stability (5). 
Cuong et al. reported that ADP could induce the HSP27 
phosphorylation in the human platelets. Schweigel et 
al. also found that ADP could induce the phosphotyro-
sine-dependent signaling networks in human patelets by 
Src-homology 2 region profiling. Furthermore, there are 
also some of other mechanisms for the ADP activated 
patelets.  

Statins favorably affect a number of diverse clinical 
events in addition to low-density lipoprotein cholesterol 
lowering, such as improved vascular relaxation, pro-
motion of angiogenesis, and stabilization of vulnerable 
plaques (6). Studies showed that the statins is associated 
with a reduced thrombosis burden and diminished plate-
let activity in vitro and vivo. Evidence suggests that sta-
tins possess anti-inflammatory properties (7). C-reactive 
protein (CRP), an inflammatory marker, has emerged as 
a relevant predictor of future cardiovascular events (8). 
More recently, experimental studies have revealed that 
CRP also exert proatherogenic effects, elicits the acti-

vation of inflammatory and coagulation pathways (9). 
However, the effect of CRP on platelet aggregation is 
not consistent with enhanced thrombosis. When applied 
to platelet, CRP suppresses platelets aggregation (10). 
The pervious study showed that statins inhibites the ac-
tivity and antigen level of the platelet PAR-1 thrombin 
receptor (11). This suggested that the statins has a major 
role in regulating platelet activity and thrombin forma-
tion. However, the mechanism of statin in ADP-induced 
platelet PAR-1 expression, especially under inflamma-
tion state, is unknown. This study aims to determine the 
regulation of PAR1 on human platelets by pravastatin.

Materials and Methods

Reagents
ADP, C reactive protein (CRP), Pravastatin sodium 

and bovine serum albumin (BSA) were purchased from 
Aldrich-Sigma (USA). PAR-1 antagonist SCH-79797 
dihydrochloride was purchased from TOCRIS (UK). R-
phycoerythrin (RPE)-conjugated anti-CD62P antibody 
was purchased from BD Biosciences (San Jose, CA), 
and PE-conjugated anti-thrombin receptor antibody 
SPAN-12 was purchased from Beckman Coulter (Mar-
seille, France). Primary antibodies for LOX-1, primary 
antibodies for PAR1 were purchased from Santa Cruz 
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Biotechnology (Santa Cruz, CA). Fluorescein isothio-
cyanate-conjugated secondary antibody and peroxidase 
coupled secondary antibodies were purchased from BD 
Biosciences (San Jose, CA). TXB2 EIA kit was pur-
chased from Cayman Chemical Co. (USA), prothrom-
bin fragment F1+2 kit was purchased from Behring 
Diagnostica.

Preparation of human PRP
Platelet-rich plasma (PRP) was isolated from peri-

pheral blood collected in 3.8% sodium citrate (1/9 vol/
vol) from healthy donors. All blood donors denied ta-
king any medication during the 2 weeks preceding ve-
ni-puncture. The blood was centrifuged at 150 g for 20 
min to obtain PRP. Platelet-poor plasma was isolated by 
centrifuging the plasma after PRP collection for another 
10 min at 500 ×g at room temperature. The protocol was 
approved by the Institutional Review Board, and infor-
med consent was obtained from each subject.

Platelet aggregation
Platelets aggregation was recorded in real time in a 

Chrono-Loglumi-aggregometer. Platelet count in PRP 
was adjusted at 300,000/mm3 by adding PPP to PRP. 
Then, the PRP was incubated at 37 °C for 5 min before 
treatment. In the first set of experiments, platelets were 
incubated with ADP at 1, 5, 10 μM. For the second set 
of experiments, platelets were pretreated with 100 μM 
SCH-79797 at 37 °C for 5 min, then, 5 μM ADP was 
added. Platelet aggregation was determined by measu-
ring changes in light transmission.

Flow cytometric analysis
In ADP-stimulated platelets, the expression of P-

selectin, PAR-1 and LOX-1 was determined by flow 
cytometric analysis. After 5 μM ADP stimulation for 5 
min, platelets were washed and resuspended in FACS 
buffer containing phosphate-buffered saline, 2% fetal 
calf serum, and 0.1% sodium azide. Then, 5 μl PRP was 
then extracted and labeled with antibodies, respectively. 
The samples were incubated for 10 min. After fixation 
by adding 1% paraformaldehyde, samples were pro-
cessed on a FC-500flow cytometer (Beckman Coulter, 
Fullerton, CA). Platelets P-selectin, PAR-1 and LOX-1 
expression were reported as the percentages of positive 
cells or the mean fluorescentintensity (MFI).

Immunoblotting
Five minutes after ADP stimulation in PRP, platelets 

were collected by the addition of an ice-cold EDTA (10 
mM) solution. The mixture was centrifuged at 10,000 
×g at 4 °C for 2 min. The pellet was washed twice with 
PBS and then lysed by sodiumdodecylsulfate (SDS) 
sample buffer (62.5 mM Tris-HCl, 2% SDS, 10% glyce-
rol, 50 mMdithiothreitol, 0.1% bromophenol blue; pH 
6.8) for 30 min at 4 °C. Lysates were boiled for 5min 
at 95 °C before being stored at -20 °C. Platelet lysates 
were separated by 10% SDS-PAGE gel and then elec-
trotransfered to apolyvinylidenedifluoride membrane 
and subjected to western blotting. Primary antibodies 
for PAR1, peroxidase coupled secondary antibodies and 
a chemiluminescent substrate were used for detection. 
Primary antibodies for glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) were used as loading and 

staining control. Densitometric band scanning was per-
formed using an Odyssey infrared imaging system.

Immunoassay
The TXA2 concentration in each example was de-

termined by TXB2, given that TXB2 was the inactive 
metabolite of TXA2. Measurement of TXB2 produc-
tion was conducted using aTXB2 EIA kit (Cayman 
Chemical Co, USA). Concentrations of prothrombin 
fragment F1 + 2, reflecting thrombin generation, were 
determined by immunoassay (Enzygnost F1 + 2 micro 
Behring Diagnostica). PRP was incubated with CRP (50 
μg/ml) or pravastatin (10 μM) for 10 min. ADP (5 μM) 
was added and the mixture was incubated at 37°C for 5 
min with stirring. The test was terminated by addition 
of EDTA (10 mM) before detection. After centrifuga-
tion at 12,000 ×g for 3 min, the amount of TXB2 and 
prothrombin fragment F1+2 were  measured according 
to the manufacturer’s instructions.

Results

Up-regulation of PAR-1 expression on platelets by 
ADP

We firstly studied platelet aggregation by ADP. 1 
μM ADP stimulation provoked only a primary wave of 
aggregation which was followed by dis-aggregation. 
5 μM ADP induced both the primary and secondary 
waves of aggregation (Fig. 1A). 10 μM ADP induced 
the two waves of aggregation fused and showed a sus-
tained aggregation curve (the maximal aggregation 
ratio was 61%). We used 5 μ M ADP as the agonist to 
active platelet in our study. We confirmed that PAR-1 
is expressed on human platelets by using SPAN-12 by 
flow cytometry. 5 μM ADP stimulation significantly 
increased PAR-1 expression on platelets within 5 min. 
Mean fluorescence intensity (MFI) of PAR-1 expression 
was found to increase about 35% versus basal PAR-1 
expression (Fig.1B).

PAR-1 are involved in ADP-induced platelet aggre-
gation and activation

To determine whether PAR-1 with the role in plate-
let aggregation, we used PAR-1 antagonist SCH-79797. 
We have checked the integrity of the platelets under the 
100 μM SCH-79797. The results illustrated the integ-
rity of platelets under the 100 μM SCH-79797 (data not 
shown). We also found that pretreatment with SCH-
79797 (100 μM) abolished second wave of platelet ag-
gregation induced by ADP (5 μM) and caused partial 

Figure 1. ADP increases PAR-1 expression platelets. A. 5 μM 
ADP induced both the primary and secondary waves of aggrega-
tion. B. PAR-1 expression was determined in the PRP that had been 
treated with or without 5 μM ADP, using theFlow cytometric ana-
lysis. Data were mean ± SEM in the panel, n = 5. **P < 0.01.
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of CRP, we combine 50 μg/ml CRP and 10 μM pravas-
tatin incubation for 10 min before ADP treatment. Com-
bination treatment signifi cantly reduced PAR-1 expres-

disaggregation. Platelet aggregation rate was reduced 
from 56.40 ± 4.36% to 28.30 ± 3.48% (Fig. 2A).

P-selectin expression, which refl ects platelet α gra-
nule secretion during activation. We confi rmed that P-
selectin is expressed on human platelets by fl ow cyto-
metry. ADP (5 μM) stimulation signifi cantly increased 
P-selectin expression on platelets. The positive percen-
tage of P-selectin expression was signifi cantly elevated 
from 8.76 ± 0.94% in rest platelets to 61.42 ± 6.38% 
at 5 min after ADP stimulation. Wherease, pretreatment 
with SCH-79797 (100 μM) inhibited the P-selectinup-
regulation (18.45±1.36%) induced by ADP (Fig. 2B).

Modulation of ADP-Induced PAR-1 expression on 
platelet by CRP

PAR-1 is expressed on human rest platelets. ADP 
stimulation signifi cantly increases PAR-1 expression on 
platelet detecting by fl ow cytometry. It was still unclear 
whether CRP infl uences PAR-1 expression. Platelets 
were treated with CRP (25 μg/ml, 50 μg/ml) incubated 
for 10 min at room temperature. This was followed by 
the addition of 5 μM ADP, and the sample was incuba-
ted at 37 °C for 15 min. PAR-1 on the platelets was de-
termined by using the fl ow cytometry. Upon treatment 
with 25 μg/ml, 50 μg/ml CRP, the PAR-1 expression on 
platelets was found to be reduced signifi cantly. CRP in-
hibited PAR-1 expression induced by ADP in a concen-
tration-dependent manner. MFI of PAR-1 was reduced 
from the basal ADP treatment of 3.33 ± 0.11% to 3.06± 
0.15% at 25 μg/ml CRP, and further decreased to 2.82 
±0.1 at 50 μg/ml CRP treatment (Fig. 3).

Modulation of ADP-induced PAR-1 expression on 
platelet by pravastatin

Platelets were treated with Pravastatin (1 μM, 10 
μM)) incubated for 10 min at room temperature. This 
was followed by the addition of 5 μM ADP, and the 
sample was incubated at 37 °C for 15 min. PAR-1 ex-
pression on platelet was detected by fl ow cytometry. 1 
to 10 μM pravastatin treatment reduced PAR-1 expres-
sion in a concentration-dependent manner (MFI were 
2.72±0.14 and 3.11±0.18, respectively). To test whether 
pravastatin infl uence PAR-1 expression in the existence 

Figure 2. PAR-1antagonist are involved in ADP-induced pla-
telet aggregation and activation. PRP was preincubated with100 
μM SCH-79797 at 37 °C for 10 min. 5 μMADP was then added 
with stirring at 1200 rpm in an aggregometer at 37 °C to induce 
platelet aggregation (A). Another study 5 μM ADP stimulation for 
5 min late, 5 μl PRP was then extracted and labeled with FITC-
conjugated anti-P-selectin antibodies in hepes solution for 10 min. 
P-selectin expression (B) of positive percent (%) on platelets were 
monitored by fl ow cytometry. Data plotted are Mean ± SEM; n = 
5, ** P < 0.01.

Figure 3. CRP induce platelets PAR-1 expression. Citrated 
PRP were preincubated with 25 μg/ml CRP and 50μg/ml CRP for 
15min, then stimulated by 5μM ADP toinduce PAR-1 expression 
on platelets. Data were mean ± SEM. n = 5. ** P < 0.01, * P < 0.05.

Figure 4. Modulation of ADP-Induced PAR-1 expression on 
platelet detected by fl ow cytometry. Citrated PRP were preincu-
bated with vehicle, 1 μM Pravastatin, 10μM Pravastatin, 50 μg/ml 
CRP, combination of  50 μg/ml CRP and 10 μM Pravastatin for 15 
min, then stimulated by 5 μM ADP. PAR-1 expression on platelets 
were determined by fl ow cytometry. Data were mean ± SEM. n = 
5. ** P < 0.01, * P < 0.05.
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sion level detected by fl ow cytometry (MFI 2.32±0.11, 
p<0.05 versus CRP or Pravastatin alone). These results 
were listed in Fig.4.

We also detected the total PAR-1 on platelets by 
western-blot. Platelets were incubated with 10 μg/mL 
CRP and/or 10 μM Pravastatin for 10 min before ADP 
treatment. The results obtained by western-blot were 
diff erent from that acquired from fl ow cytometry. We 
found that the total PAR-1 on platelets did not change 
signifi cantly before and after ADP treatment. Pravasta-
tin treatment also did not infl uence the total PAR-1 after 
ADP treatment .However, CRP alone or combination of 
CRP and pravastatin decreased total PAR-1 expression 
by ADP (Fig. 5).  

Modulation of TXA2 activity of platelet by CRP and 
pravastatin

In platelets, TXA2 synthase catalyzes the conversion 
of PGH2 to TXA2. Because TXA2 is highly unstable, 
we measured the concentration of the stable metabo-
lite TXB2 in platelets supernatant. In order to assess 
the eff ect of CRP on platelet thromboxane generation, 
PRP was treated with CRP (50 μg/ml) and/or pravasta-
tin (10 μM) for 10 min before addition of 5 μM ADP. 
TXB2 concentration in the supernatant was measured 
using an enzyme immunoassay kit. TXB2 was appa-
rently elevated from 88.26±23.38 pg/ml in rest platelets to 185.3±41.82 pg/ml after ADP stimulation. ADP-sti-

mulated TXB2 expression in platelets supernatant was 
signifi cantly suppressed to 112.68±24.48 pg/ml by CRP. 
Likewise, 10 μM Pravastatin treatment also signifi cant-
ly reduced TXB2 concentration to 146.48±46.54 pg/ml 
in platelets supernatant.

Inhibition of thrombin generation by CRP and Pra-
vastatin

Concentrations of prothrombin fragment F1+2, 
refl ecting thrombin generation as a potent initiator of 
thrombocyte activation, were determined by enzyme 
immunoassays using ELISA kits. Citrated PRP (3×108 

platelets/ml) were stimulated by CRP (50 μg/ml) or pra-
vastatin (10 μM) for 10 min , and the supernatant was 
collected before and after treatment with ADP (5 μM). 
The levels in samples were determined after centrifuga-
tion. ADP treatment increased F1+2 levels signifi cantly 
(0.65±0.2 vs 1.18 ±0.8 nmol/l, p<0.05), upon treatment 
with 50 μg/ml CRP. Levels of F1+2 was found to be 
increased signifi cantly with ADP treatment (2.26±0.8 
vs 1.18±0.6 nmol/l, p<0.05). For the pravastatin, in 
contrast, did not infl uence F1+2 level.

Role of LOX-1 in the down-regulation of PAR-1 on 
platelet induced by CRP and pravastatin

LOX-1 has been widely implicated as a receptor for 
ox-LDL, it plays an important role in atherosclerosis 
and atherothrombosis formation. LOX-1 was exposed 
on the surface of platelets in an activation-dependent 
manner. LOX-1 is up-regulated after ADP treatment 
determined by fl ow cytometry. To study whether CRP 
and pravastatin have an eff ect on platelet LOX-1 ex-
pression induced by ADP, Platelets were treated with 
CRP (50 μg/ml) or pravastatin (1 μM, 10μ M) incubated 
for 10 min at room temperature. This was followed by 
the addition of 5 μM ADP for 15 min. CRP (50 μg/ml) 
had no eff ect on LOX-1 expression induced by ADP. In 

Figure 5. Modulation of ADP-Induced PAR-1 expression on 
platelet detected by western-blot. Platelets collected from PRP 
are stimulated with vehicle, 1 μM Pravastatin, 10 μM Pravasta-
tin, 50 μg/ml CRP, combination of 50 μg/ml CRP and 10μM Pra-
vastatin for 15min, then stimulated by 5μM ADP for 10 min. The 
reaction was terminated by the addition of ice-cold EDTA solution 
and the platelet lysates were immunoblotted with an antibody spe-
cifi c for PAR-1, Representative blots from at least fi ve independent 
experiments are shown in the upper panel, quantifi cation of the 
ratio of PAR-1 to GAPDH are shown in the lower panel. **, p< 0.01 
versus ADP stimulation alone.

Figure 6. Modulation of ADP-Induced LOX-1 expression on 
platelet. LOX-1 express demonstrated as graph bars. Platelets col-
lected from PRP are stimulated with 5 μM ADP in the presence of, 
1,10 μM pravastatin, and 50 μg/ml CRP. LOX-1 level is expressed 
as the MFI with data from fi ve diff erent healthy donors. 1,10 μM 
pravastatin reduce the expression level of LOX-1 signifi cantly,**, 
p<0.01  versus ADP stimulation alone.
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contrast, upon treatment with 1 to 10 μ MP ravastatin, 
LOX-1 expression was found to be reduced in a concen-
tration-dependent manner (p< 0.05, Fig.6).

Discussion

In the present study, we have presented evidences 
that PAR-1 is critical for ADP-induced platelet aggre-
gation as well as platelet activation. In resting platelets, 
PAR-1 were detectable in the surface of the platelet by 
flow cytometry. The exposure of PAR-1 on platelet sur-
face can increase about 35% during platelet activation 
by ADP. The experiment revealed that this phenome-
non occurs as early as 5 min into incubation of platelets 
with ADP, and the period is not long enough to translate 
and synthesis new PAR-1 protein. Flow cytometry is 
commonly applied to determine platelet PAR-1 levels, 
but this measurement only allow for the enumeration 
of platelets that bear the specified antigen on the sur-
face exposure. Western blot analysis of whole cell ly-
sates comprises all specified receptor molecules in the 
sample, independently of its original position within the 
cell (12). We also used western blot to determine plate-
lets total PAR-1 expression. Our result showed that the 
platelets total PAR-1 doesn’t change 5 min after ADP 
stimulation, which means that in resting platelets ap-
proximately one-third of the PAR-1isrestored and shed 
in the platelet. ADP stimulation exposed these thrombin 
receptor on the platelet plasma membrane. Actually, the 
lower dose of ADP (1 μM) provokes the release of intra-
cellular calcium, which represents the “primary wave” 
of aggregation. This initial aggregation response can be 
followed by a “secondary wave” if the higher dose of 
ADP is added, which could amplify the primary aggre-
gation response. Thrombin and protease-activated re-
ceptor-1 (PAR-1) mediates dense granule secretion and 
second wave of platelet aggregation in ADP-stimulated 
citrated PRP. Ample data from both clinical and expe-
rimental studies suggests that CRP is not only a well-
known marker of cardiovascular disease, but is also 
probably a mediator of atherothrombosis disease (13). 

In the CRPtg mice, Danenberg et al. (14) showed 
that there was more complete thrombotic occlusion in 
the femoral artery than in the WT mice. The experiment 
also  implied that CRP promotes atherothrombosis. It 
is becoming apparent that CRP may be important in 
modulating a spectrum of host responses during inflam-
mation. CRP acts as an early protective recognition me-
chanism in states that follow infection. CRP has been 
shown to inhibit certain activities of the T lymphocyte 
as well as of the platelet (15,16), while promoting acti-
vation of the complement system and coagulation (17, 
18). In the present study, we have presented evidences 
that CRP reduce PAR-1 expression on platelet induced 
by ADP as well as platelet aggregation. It was inte-
resting that the total PAR-1 protein in platelet is also 
reduced by western blot analysis. Our study implied 
PAR1 expression may be down-regulated on platelets 
induced by inflammation, which is accordance with 
another study (19). CRP may promote atherothrombosis 
in coagulation other than activating platelet. CRP has 
been linked to thrombosis via direct effects on plasmi-
nogen activator inhibitor-1 (PAI-1), tissue plasminogen 
activator, and tissue factor activity in vascular cells (20-

22). The mechanism modulation of PAR1 on platelet by 
CRP is not clear. We confirmed the TXB2 expression, 
which reflects TXA2 production, is down-regulated on 
platelet by CRP incubation. TXA2 synthesis has long 
been suggested to underlie the ADP induced plate-
let second wave of aggregation in citrated PRP. Other 
studies showed that CRP inhibits platelet reactivity by 
interfering with an aspect of prostaglandin metabolism, 
and which occurs subsequent to the hydrolytic accumu-
lation of arachidonic acid. CRP prevents further tissue 
destruction and stabilizes cellular membranes by bin-
ding to membrane phospholipids (10), which may lead 
to inhibit TXA2 formation. On the other hand, we also 
confirmed that CRP stimulation increases prothrombin 
fragment F1+2 level after ADP stimulation. We can 
concluded that CRP promotes thrombin generation in 
this study. Thrombin will bind and cleave PAR1 NH2-
terminal ectodomain to unmask a new receptor NH2-
terminus even at low concentrations. As soon as to be 
activated, the PAR1 will fail to recover their ability to 
respond to thrombin as well as to be detected by PAR-1 
antibody.

The 3-hydroxy-3-methylglutaryl-coenzyme A re-
ductase inhibitors (statins) have been shown to exhi-
bit several vascular protective effects, including anti-
thrombotic properties, which are not related to changes 
in lipid profile. By flow cytometry, we confirmed that 
pravastatin decreases PAR1 expression on platelet sti-
mulated by ADP. A clinic investigation also showed that 
statins can inhibit the activity and antigen level of the 
platelet PAR-1 thrombin receptor (11). Our results in-
dicate that pravastatin down-regulates ADP-dependent 
thromboxane generation. Other pieces of evidence for 
the effects of statin on platelet thromboxane generation 
originated from clinical research in patients receiving 
these drugs (23).

    Luzak et al. (24) reported that simvastatin or pra-
vastatin may directly interact with blood platelets and 
down-regulate the activation of GPIIb-IIIa, as well 
asthromboxane generation. We may suppose that the 
effect of pravastatin on ADP-induced TXA2 generation 
in PRP is downstream of PAR1 activation.

Statins reduce oxidative stress by blocking the ge-
neration of ROS and reducing the NAD+/NADH ratio 
(25). It is possible that the antioxidant properties of sta-
tins contribute to their protective cardiovascular effects. 
LOX-1 has been widely implicated as a receptor for ox-
LDL, which is up-regulated in the presence of oxida-
tive stress. Muhammad et al (26) found LOX-1 plays 
an important role in ADP-induced platelet aggregation. 
Our studies determined that pravastatin reduces platelet 
LOX-1 expression induced by ADP by either flow cyto-
metry or western blot. It imply LOX-1, like P-selectin, 
may be restored in granules. Flow cytometric analyses 
revealed that LOX-1 was exposed on the surface of pla-
telets in an activation-dependent manner. Anti-LOX-1 
antibody can block ADP mediated platelet aggregation, 
which suggests that pravastatin may mediate PAR-1 re-
duction and may be associated with inhibition of LOX-
1. When we combine CRP and pravastatin incubation 
into PRP before ADP stimulation, it showed a synergis-
tic effect in reducing PAR-1expression. We believe that 
the different mechanism between CRP and pravastatin 
may contribute to this effect.
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Taken together, the present study suggested that 
PAR-1 serve as a critical mechanism to relay the platelet 
activation process induced by ADP. The novelty of this 
study is that the synergistic effect of CRP combine pra-
vastatin could reducing the PAR-1 expression in platelet 
induced by ADP, which was reported for the first time. 
Statins exerting antithrombotic effects in the inflamma-
tory process may have important clinical implications. 
The clinical implications of inhibition of PAR-1 provide 
a plausible mechanism for the pleiotropy of statins in 
reducing ischemic vascular events.

Acknowledgments
The research was supported by The National Natural 
Science Foundation of China (Grant No. 81160030).

References 

1. Li, R.Y., Ragab, A., Gaits, F., Ragab-Thomas, J.M. and Chap, 
H., Thrombin-induced redistribution of protein-tyrosine-phospha-
tases to the cytoskeletal complexes in human platelets. Cell. Mol. 
Biol. (Noisy-le-grand). 1994, 40: 665-675. 
 2. Angiolillo, D.J., Capodanno, D. and Goto, S., Platelet thrombin 
receptor antagonism and atherothrombosis. Eur. Heart. J. 2010, 31: 
17-28. doi: 10.1093/eurheartj/ehp504.
 3. Coughlin, S.R., Protease-activated receptors in hemostasis, 
thrombosis and vascular biology. J. Thromb. Haemost. 2005, 3: 
1800-1814.
 4. Storey, R.F., Kotha, J., Smyth, S.S., Moliterno, D.J., Rorick, 
T.L., Moccetti, T., Valgimigli, M., Dery, J.P., Cornel, J.H., Thomas, 
G.S., Huber, K., Harrington, R.A., Hord, E., Judge, H.M., Chen, E., 
Strony, J., Mahaffey, K.W., Tricoci, P., Becker, R.C. and Jennings, 
L.K., Effects of vorapaxar on platelet reactivity and biomarker ex-
pression in non-ST-elevation acute coronary syndromes. The TRA-
CER Pharmacodynamic Substudy. Thromb. Haemost. 2014, 111: 
883-891. doi: 10.1160/TH13-07-0624.
5. Shankar H, Kahner B, Kunapuli SP. G-protein dependent platelet 
signaling, perspectives for therapy. Curr Drug Targets 2006; 7(10): 
1253-1263.
6. Undas, A., Celinska-Lowenhoff, M., Kaczor, M. and Musial, J., 
New nonlipid effects of statins and their clinical relevance in cardio-
vascular disease. Thromb. Haemost. 2004, 91: 1065-1077
7. Tousoulis D, Psarros C, Demosthenous M, Patel R, Antoniades C 
and Stefanadis C: Innate and adaptive inflammation as a therapeutic 
target in vascular disease: the emerging role of statins. J. Am. Coll. 
Cardiol. 2014, 63: 2491-2502. doi: 10.1016/j.jacc.2014.01.054.
8. de Ferranti, S.D. and Rifai, N., C-reactive protein: a nontraditio-
nal serum marker of cardiovascular risk. Cardiovasc. Pathol. 2007, 
16: 14-21.
9. Johnson, G.J., Leis, L.A., Slater, B.C. and Bach, R.R., Elevated 
platelet count, C-reactive protein and thromboxane analog-induced 
platelet aggregation in patients with Gulf War veterans' illnesses: 
evidence of a chronic inflammatory state? Blood Coagul. Fibrinoly-
sis. 2013, 24: 736-741. 10.1097/MBC.0b013e328362627f.
10. Vigo, C., Effect of C-reactive protein on platelet-activating fac-
tor-induced platelet aggregation and membrane stabilization. J. Biol. 
Chem. 1985, 260: 3418-3422.
11. Serebruany, V.L., Miller, M., Pokov, A.N., Malinin, A.I., Lowry, 
D.R., Tanguay, J.F. and Hennekens, C.H., Effect of statins on platelet 
PAR-1 thrombin receptor in patients with the metabolic syndrome 
(from the PAR-1 inhibition by statins [PARIS] study). Am. J. Car-
diol. 2006, 97: 1332-1336.
12. Schlagenhauf, A., Kozzma, N., Leschnik, B., Wagner, T. and 

Muntean, W., Thrombin receptor levels in platelet concentrates du-
ring storage and their impact on platelet functionality. Transfusion. 
2012, 52: 1253-1259. doi: 10.1111/j.1537-2995.2011.03475.x.
13. Bisoendial, R.J., Kastelein, J.J., Levels, J.H., Zwaginga, J.J., van 
den Bogaard, B., Reitsma, P.H., Meijers, J.C., Hartman, D., Levi, M. 
and Stroes, E.S, Activation of inflammation and coagulation after 
infusion of C-reactive protein in humans. Circ. Res. 2005, 96: 714-
716.
14. Danenberg, H.D., Grad, E., Swaminathan, R.V., Chen, Z., Sei-
fert, P., Szalai, A.J., Lotan, C., Simon, D.I. and Edelman, E.R., 
Neointimal formation is reduced after arterial injury in human crp 
transgenic mice. Atherosclerosis. 2008, 201: 85-91. doi: 10.1016/j.
atherosclerosis.2008.01.013.
15. Verma, S., Devaraj, S. and Jialal, I., Is C-reactive protein an 
innocent bystander or proatherogenic culprit? C-reactive protein 
promotes atherothrombosis. Circulation. 2006, 113: 2135-2150.
16. Hansson, G.K. and Libby, P., The immune response in athero-
sclerosis: a double-edged sword. Nat. Rev. Immunol. 2006, 6: 508-
519.
17. Bisoendial, R.J., Kastelein, J.J., Peters, S.L., Levels, J.H., Birj-
mohun, R., Rotmans, J.I., Hartman, D., Meijers, J.C., Levi, M. and 
Stroes, E.S., Effects of CRP infusion on endothelial function and 
coagulation in normocholesterolemic and hypercholesterolemic 
subjects. J. Lipid. Res. 2007, 48: 952-960.
18. Fujita, Y., Yamaguchi, S., Kakino, A., Iwamoto, S., Yoshimoto, 
R. and Sawamura, T., Lectin-like oxidized LDL receptor 1 is in-
volved in CRP-mediated complement activation. Clin. Chem. 2010, 
57: 1398-1405. doi: 10.1373/clinchem.2011.168625.
19. Reiter, R., Derhaschnig, U., Spiel, A., Keen, P., Cardona, F., 
Mayr, F. and Jilma, B., Regulation of protease-activated receptor 1 
(PAR1) on platelets and responsiveness to thrombin receptor acti-
vating peptide (TRAP) during systemic inflammation in humans. 
Thromb. Haemost. 2003, 90: 898-903.
20. Wu, J., Stevenson, M.J., Brown, J.M., Grunz, E.A., Strawn, T.L. 
and Fay, W.P., C-reactive protein enhances tissue factor expression 
by vascular smooth muscle cells: mechanisms and in vivo signi-
ficance. Arterioscler. Thromb. Vasc. Biol. 2008, 28: 698-704. doi: 
10.1161/ATVBAHA.107.160903.
21. Ryu, j., Lee, C.W., Shin, J.A., Park, C.S., Kim, J.J., Park, S.J. 
and Han, K.H., FcgammaRIIa mediates C-reactive protein-induced 
inflammatory responses of human vascular smooth muscle cells by 
activating NADPH oxidase 4. Cardiovasc. Res. 2007, 75: 555-565.
22. Singh, U., Devaraj, S. and Jialal, I., C-reactive protein decreases 
tissue plasminogen activator activity in human aortic endothelial 
cells: evidence that C-reactive protein is a procoagulant. Arterios-
cler. Thromb. Vasc. Biol. 2005, 25: 2216-2221.
23. Santos, M.T., Fuset, M.P., Ruano, M., Moscardo, A. and Valles, 
J., Effect of atorvastatin on platelet thromboxane A(2) synthesis in 
aspirin-treated  patients with acute myocardial infarction. Am. J. Car-
diol. 2009, 104: 1618-1623. doi: 10.1016/j.amjcard.2009.07.039.
24. Luzak B, Rywaniak J, Stanczyk L and Watala C: Pravastatin 
and simvastatin improves acetylsalicylic acid-mediated in vitro 
blood platelet inhibition. Eur. J. Clin. Invest. 2012, 42: 864-872. doi: 
10.1111/j.1365-2362.2012.02661.x.
25. Lim, S. and Barter, P., Antioxidant effects of statins in the mana-
gement of cardiometabolic disorders. J. Atheroscler. Thromb. 2014, 
21: 997-1010.
26. Marwali, M.R., Hu, C.P., Mohandas, B., Dandapat, A., Deoni-
kar, P., Chen, J., Cawich, I., Sawamura, T., Kavdia, M. and Mehta, 
J.L., Modulation of ADP-induced platelet activation by aspirin and 
pravastatin: role of lectin-like oxidized low-density lipoprotein re-
ceptor-1, nitric oxide, oxidative  stress, and inside-out integrin signa-
ling. J. Pharmacol. Exp. Ther. 2007, 322: 1324-1332.


