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ABSTRACT

Introduction: Atherosclerosis is one of the inflammatory underlying disease associated
by oxidative stress and thrombotic agents. This study aimed to evaluate the potential
role of cupper oxidized low-density lipoprotein (OxLDL) and thrombin for inducing
mitogen activated protein kinases (MAPKs) in platelets.

Methods: Phosphorylation of P38MAPK, Jun N-terminal Kinase (JNK), and
Extracellular signal-regulated kinases (ERK1/2) and P-selectin expression were
determined in lysates of washed human platelets pretreated with low doses of thrombin
and cu**-OxLDL By Enzyme-linked immunosorbent assay (ELISA). Pharmacological
inhibition was performed by SB203580, PD980559 and SP6000125 for P38MAPK,
ERK1/2 and JNK activity, respectively. The ratio of phosphorylated to total protein was
used for normalizing the phospho proteins contents of cells.

Results: OxLDL and thrombin significantly and differentially increased P-selectin
expression (P<0.05), P3SMAPK (P<0.05) and c-JNK (P<0.05) and ERK1/2 (P<0.05)
phosphorylation in platelets. SB 203580 and SP6000125 significantly decreased
P-selectin expression in both oxidative (P<0.05) and thrombotic (P<0.05) activated
platelets.

Conclusion: Our results indicated that MAPK inhibitors can reduce atherothrombotic
events via alterations in P-selectin expression suggesting that these inhibitors may be

useful in the inhibition of atheroma development.

Introduction
Oxidized low-density lipoprotein (OxLDL) has a
crucial role in thrombotic disease and atherogenesis
through activation of inflammatory cells including
polymorphonuclear (PMN) cells and platelets.'> MAPK
is a well known inflammatory pathway which acts as a
series of kinase package that ultimately phosphorylates
MAP kinases (MAPKSs).? Three different MAPK families
have been reported: the extracellular-regulated protein
kinases (ERK), the c-Jun NH2 terminal kinase (JNK)
and p38.*° P38 can increase cytokine production through
numerous mechanisms such as direct phosphorylation
of some transcription factors such as AP-1 or increased
phosphorylation of AU-rich elements (AREs) binding
proteins.* Small molecules of p38MAPK inhibitors have
been reported to relieve the synthesis of inflammatory
cytokines. The specificity of a few broadly-used p38
inhibitors has been comprehensively described.® SB-
203580 is of a good selectivity for p38a and B compared
with the majority of kinases.®’
Pathogenesis of atherosclerosis is partially affected by

leukocyte adhesion to the vessel wall and transendothelial
migration. Localized activation of the endothelium through
the action of inflammatory cytokines causes leukocyte
rolling.” Platelet P-selectin has been shown to play a
pivotal role in the growth of atherosclerosis and thrombosis
after vessel injury.'” Thrombin has been studied widely in
platelets as one of the major platelet activators.'' It has been
proven that platelet activation by oxidative vs. thrombotic
agents leads to the differential activation of receptors.'”
Based on this difference, we designed this study for
testing the effects of cu**oxidized low-density lipoprotein
or thrombin on P38, ERK 1/2, c-JNK phosphorylation and
P-selectin expression simultaneously. Furthermore, we
used mentioned inhibitors for considering their effects on
activated platelets and inhibition panel of each of them on
oxidative or thrombotic stimulated platelets.

Material and methods

Based on the Ethical Committee of the Tabriz university
of Medical Sciences, written informed consents were
obtained from the patients prior to the study. Inclusion
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criteria were being health, no medication for the previous
thirty days, and age 35 to 55. Blood samples (10 ml) were
taken from all volunteers (n=90). Major exclusion criteria
after sample collection were serum P-selectin >40 ng/
ml.B The blood samples were collected in ACD [65 mM
citric, 85 mM citrate, 111 mM glucose 8.1:1.9(v/v)] then
were centrifuged at 200 g for 8 min to prepare platelet-
rich plasma (PRP). The PRP was centrifuged at 8000 g for
10 min at 4°C. The platelet pellet was then re-suspended
in a Tyrode’s buffer (140 mM NaCl, 3 mM KCI, 12 mM
NaHCO,, 0.4 mM NaH,PO,, 1 mM MgCl,, 2 mM CaCl,
5.6 mM glucose; pH 7.4) to a final concentration of 5
x 103/mL.The platelet count in PRP was estimated by
Beckman Coulter (Brea, CA, USA).

The study was carried out on 3 groups of platelets:
control or resting platelet (RP), 50ug/ml cu?*-oxidized
LDL treated platelets (OP), 0.5U/ml Thrombin-activated
platelets (TP). The commercial LDLs after dialysis against
PBS (10 mM NaH,PO4, 120 mM NaCl, 2.7 mM KCl, pH
7.4) were oxidized (1 mg/ml) by 10 pM CuSO4 in PBS for
24 h at 37°C. Malondialdehyde (MDA) was measured as a
lipid peroxidation index.!

Treatment by stimuli was performed for 10 min for
phosphoproteins and 24 hours for P-selectin expression.
Platelet aggregation was monitored on aggregometer.
P-selectin expression and phosphorylation levels of
p38, ERK1/2 and JNK, in OP and TP were measured in
presence or absence of 5 x 10°nmol/l SB203580 (Product
Number S 8307), 400 nM JNK inhibitor SP6000125
(Merck) (Dietikon, Switzerland) orl0 uM ERK kinase
inhibitor PD980559 (Merck).

Preparation of platelets lysate

The treated platelets were lysed within lysate buffer
cotainingl0 mMTris, pH 7.4, 100 mM NaCl, 1 mM
EDTA, 1 mM EGTA, 20 mM Na4P,O, 1 mMNaF, 0.5%
Deoxycholatel mM PMSF, 1% Triton X-100, 10%
Glycerol , 0.1% SDS , and centrifuge at 13,000 rpm at 4
°C for 10 minutes to eliminate the debris then supernatant
was used for assessment of variables in duplicate way.
To reduce the matrix effect the lysate was diluted for all
assays (at least 1:10).

Enzyme-linked immunosorbent assay (ELISA)
Phospho-P38 MAPK (pThr180/pTyrl182) content of

lysates was measures by phospho-P38 MAPK ELISA
kit (Catalog Number.CS0020, sigma) with sensitivity
<0.8 U/mL. To normalize the p-p38MAPK content of the
samples we used total p38 MAPK ELISA kit (Product No
PMO0100, sigma) with sensitivity <16 pg/mL. Phospho-
INK1&2 ELISA kit (Product Number CS0130.sigma) and
JNK 1&2 ELISA kit (Product Number CS0100, sigma)
were used in order to measure and normalize phospho-
INK, respectively. Likewise, Phospho-ERK1/2 (Thr202/
Tyr204), ELISA kit (Product Number 7177) and total
ERK1/2 ( Product Number 7050) were purchased from cell
signaling. SPSS software (version13.0; SPSS, Chicago,
IL, USA) was used for statistical analyses. We used
Mann-Whitney U-test and Kruskal-Wallis H to compare
means. All results were presented as meanx+SD. X was
equal to the ratio percentage of phosphorylated to total
protein except for p-selectin that was presented as mean
(concentration) + SD. P<0.05 was considered significant.

Results

Phospho-P38 and total p38 were measured in the presence
or absence of stimuli, thrombin or cu**-OxLDL and SB
203580. The mean of total p38 in any group was not
statistically different from others P= 0.77. Exposure
to OxLDL for 10 min significantly increased the
phosphorylation of p-P38 in OP group in comparison with
RP (P<0.05) (Table 1). The similar result was observed in
TP group (P<0.05) (Table 1); however, thrombin was a
stronger stimulus than OxLDL (Table 1).

A common P38 inhibitor called SB203580 was utilized.
Pretreatment of platelets with SB203580 (5 mmol/l) for
30 min and stimulation by OxLDL significantly decreased
OxLDL and thrombin induced p-P38 (P<0.05, P<0.05)
(Tables 2 and 3), respectively.

Treatment of platelets with 0.5 units/ml thrombin produced
ERK1/2phosphorylation that was different from that of
platelets treated with 50pg/ml OxLDL (P<0.05). A4 to 5
fold increase was observed in p-ERK/totalERK1/2 in TP
(P <0.05; Table 1) and A1.5 fold increase in OP (P<0.05;
Table 1) compared with RP. We used a specific ERK1/2
kinase inhibitor PD980559. Platelets were pretreated
with PD980559 (5 mmol/l) for 30 min and stimulated
by OxLDL or thrombin for expression of p-ERKI1/2.
PD980559 significantly decreased the expression of
p-ERK1/2 induced by OxLDL (P<0.05; Table 2) or

Table 1. OxLDL and Thrombin induce phosphorylation of p38, c-JNK and ERK1/2 in platelets

oP P-value RP P-value TP
Pselectin pg/ml 34.40+ 6.50 0.001 11.29+2.58 0.001 46.8616.44
Phospho/total ERK(%) 29.35+4.57 0.001 13.29+4.60 0.001 64.45+4.92
Phospho/total JNK (%) 87.70+6.15 0.001 20.07+4.80 0.001 89.27+8.03
Phospho/total P38 (%) 74.44+8.73 0.001 12.33+5.04 0.001 81.52+8.46
Data are shown as the means (SD), Significant P- Value < 0.05.
RP=Resting Platelets, OP=0Oxidized-LDL treated Platelets , TP=Thrombin treated Platelets
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Table 2. Effect of SB203580, PD980559, SP6000125 on P38, ERK1/2 and JNK phosphorylation and P-selectin expression induced by

OxLDL
op OP-PD OP-SB OP-SP
P-selectin pg/ml 34.40+ 6.50 33.01+6.77 13.6346.00 13.73%4.76
Phospho/total ERK(%) 29.35+4.57 10.563.47
Phospho/total P38 (%) 74.44+8.73 12.1243.38
Phospho/total INK (%) 87.70+6.15 21.21+7.73

Data are shown as the means (SD), Significant P- Value < 0.05
RP: Resting Platelets, OP: Oxidized-LDL treated Platelets, TP: Thrombin treated Platelets. SB:SB203580 , PD=PD980559, SP=SP6000125.

Table 3. Effect of SB203580 , PD980559, SP6000125 on P38, ERK1/2 and JNK phosphorylation and P-selectin expression induced by

Thrombin.
RP RP-PD RP-SP
P-selectin pg/ml 11.29+2.58 10.16+2.22 12.62+4.22 26.10+£5.90
Phospho/total ERK(%) 13.29+4.60 12.62+4.22
Phospho/total P38 (%) 20.07+4.80 10.53+2.55
Phospho/total JNK (%) 12.3345.04 26.8945.15

Data are shown as the means (SD), Significant P- Value < 0.05

RP: Resting Platelets, OP: Oxidized-LDL treated Platelets, TP: Thrombin treated Platelets. SB: SB203580 , PD=PD980559, SP=SP6000125.

Thrombin (P<0.05; Table 3).

The results about p-JNK changes in OP and TP groups
were more similar to p-p38 than to p-ERK1/2. We observed
significant increases in induced p-JNK by OxLDL and
thrombin (P<0.05; Table 1). In presence of JNK inhibitor
SP6000125, significant decrease was observed in OP and
TP (P <0.05; Tables 1-2).

We measured p-selectin expression in RP, OP and TP
(Table 1). The results revealed that both of these stimuli
increased the expression of P-selectin in OP (P<0.05;
Table 1) and TP (P<0.05; Table 1). Likewise, inhibition
of p-p38 by SB203580 or p-JNK by SP6000125 decreased
P-selectin expression in OP (P<0.05; Table 2); however,
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Figure 1. Correlation between phosph/total p38 and platelet
P-selectin levels in oxidized LDL or Thrombin Threated platelets

60.00 —
&
50,00 o O
(o] Y o
o 8
E 4000 §0 o *
= & ee} OO. °®
% 30.00 9 © O
2 S &
4 20.00 @ .
L] L 1)
. L
L ]
10.00| Qe 0
% i
0.00—
I I I I [ [
0.00 30.00 60.00 90.00 120.00 150.00
p~JNKitotalJNK (%)

Figure 2. Correlation between phospho/total c-JNK and platelet
P-selectin levels in oxidized LDL or Thrombin Threated platelets

ERK1/2 kinase inhibitor PD980559 did not significantly
decrease expression of P-selectin in OP (Table 2).
Effects of PD980559, SB203580 and SP6000125 were
also evaluated in TP. Similarly, PD980559, SB203580
and SP6000125 (26.10+5.90) can significantly decrease
P-selectin levels (P<0.05; Table 3). A strong relationship
could be observed between P-P38/total P38(%) and
P-selectin in OP (r=0.65, P<0.05) or TP (r=0.75, P<0.05)
(Figure 1), between p-JNK/total INK (%) and P-selectin
in OP (r=0.72, P<0.05) or TP, between P-ERK1/2/total
ERK1/2(%) P-selectin in TP (r=0.79, P<0.05; Figure
2). Nevertheless, there was a weak correlation between
P-ERK1/2/total ERK1/2(%) and P-selectin in OP (r=0.24,
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Figure 3. Correlation between phosph/total ERK1/2and platelet
P-selectin levels in oxidized LDL or Thrombin Threated platelets

P<0.05) or between p-JNK/total INK (%) and P-selectin
in TP (r=0.20, P<0.05) by Pearson correlation (Figure 3).

Discussion

Inflammation plays an essential role in the development
of atherosclerosis.'* Polymorphonuclears, and T-cells are
among the most studied inflammatory cells blamed for
plaque formation'>'’; however, the real role of platelets
has not yet been well understood . These inflammatory cells
release various cytokines such as ADP, growth factors
and other internal mediators even transcription factors
NF-xB." cell rolling, adhesion, and transendothelial
migration are believed to be the cosequalae of such
products . We activated human platelets with thrombin or
OxLDL, and examined agonist-dependent effects on the
phosphorylation of signaling proteins, and on P-selectin
expression. Three major signaling proteins including JNK,
ERK1/2, and p38'" were examined as to whether they were
differentially affected by thrombin vs. OXLDL stimulation.
Thrombin-induced signaling cascades in platelets have
been intensively studied. The feature of platelet activation
by the cu*-OxLDL expectedly differed from the feature
of thrombin so phosphorylation of INK, ERK1/2 and p38
MAPK differed considerably between these agonists. This
may be related to type of their receptors, as highlighted
by previous studies. Some receptors have been introduced
for the mediation of the cell stimulation by OxLDL
for instance CD36 and toll-like receptor 4 (TLR4) in
macrophages and TLR1/2 in platelets.” However, the
details of signaling pathways involving ERK1/2 or p38
remain controversial.”’*> Recent data from Rex et al.
demonstrates that OxLDL-stimulation of TLR2 leads to
P-selectin expression, stimulation of integrin allbB3, and
activation of PI3K/Akt signaling pathway.'**” Thrombin,
on the other hand, has been studied extensively in
platelets. As one of the major platelet agonists, it activates
the protease activated receptor 1 and 4 (PAR1/4) on the

platelet surface which causes to activation of PI3K and
phospholipase Cp (PLCp) pathways. Intracellular calcium
concentrations are increased once these pathways are
stimulated and platelets shape change too.”! However, many
details of these signaling cascades, and the mechanisms of
their downstream events remain to be elucidated. Also,
greater extent of phosphorylation of both ERK1/2, p38
was observed by Thrombin compared to OxLDL. Both
kinases are phosphorylated in a more rapid manner which
is suggestive of their effect in inside-out signaling, when
signaling events activated by an agonist lead to changes in
conformation of allbp3.?>?* Therefore, further expression
of P-selectin is expectable as found in our study.

The second part of our study focused on inhibitors
and P-selectin .We observed more or less significant
correlations between P-selectin and p-38, p-JNK or
p-ERK1/2.  SB203580 and SP600012 diminished
P-selectin expression in OXxLDL treated platelets; this,
however, was not true about PD980559. In other words, all
three inhibitors relieved P-selectin expression in thrombin
treated platelets. This conducted us to this hypothesis
that ERK1/2 is less important in oxidative stimulation
in comparison with thrombin and the idea that these
inhibitors probably might be counted as effective anti-
atherothrombosis  agents.

In conclusion, our data demonstrated that platelet
stimulation with thrombin or OXLDL leads to differential
activation of signaling proteins as well as P-selectin
expression. These results highlight the differences in the
platelet’s immune vs. thrombotic responses and form the
bases for further functional and mechanistic studies to
better understand the platelet’s role in innate immunity and
inflammation.
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