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Protease activated receptor 1 activation of platelet is associated
with an increase in protein kinase CK2 activity
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Protein kinase CK2 (formerly known as casein kinase II) is a
highly conserved, pleiotropic, protein serine/threonine kinase,
which can be isolated in an active form from the cytoplasm,
nuclei, and mitochondria [1]. CK2 has been mmplicated in
diverse physiclogical processes such as gene expression,
protein synthesis, cell cycle, and proliferation, as well as
pathological states including carcinogenesis and viral tumor-
igenesis [2]. CK2 is usually found as a tetramer, with aofif,
ao (i, or o/o’pP forms. The o and o subunils possess
catalytic activity, while the [ subunit exerts a regulatory
function. Unlike the majority of other protein kinases, CK2
utilizes both ATP and GTP as phosphate donors and is
inhibited by hepann [l]. In addition, there is increasing
evidence that CK2 is involved i the maintenance of cell
morphology and cell polarity, and in the regulation of the
actin and microtubule assembly [3).

CK2 is expressed in platelets [d], and the role in platelets is
still unclear. The aim of this study was to investigate the
possible role of CK2 in the plaelet activation process,
particularly in the protease activaled receptor | (PARI)-
dependent  signal transduction pathway. First of all, we
examined whether PAR1 stimulation of platelets affects the
activity of CK2. No kinase except CK2 uses GTP instead of
ATP as a phosphate donor; thus, we measured CK2 activity
using casein and [y-"PJGTP essentially as described [5,6].
Platelet extracts prepared from resting, thrombin-, and
PARI-activaling peplide (AP)stimulated platelets were incu-
bated with [v-“PJGTP and casein in the presence or absence
of various concentrations of CK2 inhibitors for 4 min at
30 °C. Then, radiocactive phosphate incorporated into casein
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Fig. 1. (A) CK2 holoenzyme activity in resting, thrombin-, and protease
activated receptor | (PARJactivating peptide (AP}stimulated platelet
and the effect of 5, 6-dichloro-1-{f-D-ribofi 1) benzimidazole (DRB)
and 2-dimethylamino-d, 5,6, Ttetrat imidazole (DMAT). Wa-
shed plutelets were unstimulated or stimulated with 10 nmol L' thrombin
or 100 pmol L™ PARI-AP for | min, then centrifuged. The pellets were
resuspended in extraction buffer (20 mmol L™ Tris-HCL, pH 7.5,

5 mmol L™ EGTA, 50 mmaol L™ f-glycerophosphate, 6 mmol L™
DTT. 0.1 mmol L~" NF, | mmol L~' Na,VO,, 2 mmol L™' PMSF,
0.01% leupeptin and 0.5% Triton-X 100) (1.0 x 10 cells mL™" extruction
buffer) on ice for 60 min. Cell lysate was centrifuged (8000 < g) for 10 min.
The supernatant was used for CK2 activity assay. The CK2 assay was
based on the transfer uctivity of **P from [-PIGTP to casein and it was
essentially performed as descnbed [5,6]. Ten microliters of platelet extract
was added 10 the assay mixture (final 50 pL) (40 g of cascin, 4 pmol L™
of [y-PIGTP in 40 mmol L™ Tris-HCl pH 8.0, 50 mmol L™' NaCl,

20 mmol L' KCL 10 mmol L™ MgCl;, 0.1 mmol L™' EGTA,

2 mumol L' DTT, various concentrations of CK2 inhibitors). The reac-
tion mixture was incubated at 30 °C for 4 min, and then the reaction was
terminuted by adding 200 L of 15% (w/v) trichloroacetic acid and 50 pl




of 0.16% (w/v) bovine serum albumin as a carrier protein. The mixture
wus centrifuged (8000 x g) for 10 min, washed with 10% (w/v) trichlo-
roacetic acid three limes, and then dned. The radioactivity of protein was
measured with Cherenkov radiation. The activity in the control, treited
with the solveni DMS0, was normalised to 100%. Mean + SD of the
triplicate determi are from a rep ive experiment. Two more
experiments showed the szme results. Stars denote the statistical significant
difference and bars indicate standard deviation (Ftest, P < 0.005). (B)
Effiect of CK2 inhibitors on PAR|-AP-induced aggregation of platelets.
Platelet-rich plasma was preincubated with 0 (1), 1 (2), 5 (3), and 50 (4)
pmol L™' of DRB, and 0(1). 1 (2), 10(3), and 100 (4) jmmol L' of DMAT
for 15 min, and then stimulated with 15 pmol L™ PARI-AP. Platelet
dgEregation wis d with light ittance. R ive dita
wre from three independent experiments

was measured. CK2 activity existed in the resting platelet
(basal activity), Stimulation of platelets with thrombin or
PARI-AP induced about a 2-fold increase in CK2 activity

(inducible activity; Fig. 1A). These results were almost
identical with those obtained by immunoprecipitation using
anti-CK2a antibody and in vitro kinase assay (data not
shown). The basal (data not shown) and the PARI-AP-
induced CK2 activities (Fig. 1A) were dose-dependently
inhibited by the CK2 inhibitors, 5, 6-dichloro-1-(B-D-ribo-
furanosyl) benzimidazole (DRB) [7] and 2-dimethylamino-
4,5,6,7-tetrabromo-benzimidazole (DMAT) [8].

Next, we examined the effects of these CK2 inhibitors on
PAR1-AP-induced aggregation of platelets. Platelet-rich
plasma was preincubated with or without various concentra-
tions of CK2 inhibitors for 15 min, and stimulated with
15 pmol L™" of PARI-AP. Then, the aggregation of platelcts
was examined with a light transmitter. These compounds
dose-dependently inhibited PAR1-AP-induced aggregation of
platelets (Fig. 1B). DRB was reported to inhibit CK2 and
casein kinase 1 (CK1) and to have no inhibitory capacity
toward several protein kinases, such as protein kinase C,
cAMP-dependent protein kinase, and tyrosine kinases [7].
However, DMAT is a more selective inhibitor of CK2 and
does not inhibit CK1 [8]. Other CK2 inhibitors, apigenin and
4,5,6,7-tetrabromobenzotriazole (TBB), also inhibited the
aggregation of platelets by PARI-AP (data not shown).
Although not completely specific, CK2 is one of the few
targets that are blocked by these chemically unrelated
inhibitors.

It has previously been reported that CK2 is present in
platelets, that it is constitutively active, and that it is not further
activated by thrombin [4]. However, in the present study, we
found that stimulation of platelets with thrombin or PARI-AP
resulted in about a 2fold increase in CK2 activity, A
Lineweaver-Burk plot (data not shown) reveals that the main
reason of increased CK2 activity in thrombin- or PARI-AP-
stimulated platelets may be because of an increased affinity of
CK2 to the substrate. We used casein, and in the previous
report CK2 peptide RRRDDDSDDD was used as a substrate
[4). CK2 peptide may be too small to detect the change in the
affinity of CK2. Although the mechanism of CK2 activation
remains poorly understood, the modification of CK2x and o is

unlikely; using an in-gel-renaturation assay (data not shown),
we did not detect a difference in CK2a and o activities between
the extracts prepared from resting and thrombin-stimulated
platelets. Therefore, the increase in CK2 activity after PARI
stimulation may be a result of the modification of CK2f or
other factors.

Taken together, the present study demonstrates, for the first
time, that thrombin and PARI-AP stimulation of platelets
results in about a 2-fold increase in CK2 activity, which
may play an important role in the mechanism of platelet
aggregation.
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Summary. Backgrowd: CAb-hinding protem (C4BI, & mulu-
maric protem structurally comiposed of o chams (C4BP) and a
fiehain (CHBPP), regulates the anticoagulant activity of protein
S (PS). Patents with sepsis have increased levels of plasma
CABP, which appears 0 be induced by interleukin (IL)-6,
However, 1t 15 not fully understood how lipopolysaccharide
(LPS) and IL-6 aflfect the plasma C4BP antigen level and
CABP and CABP[} expression in hepatocyies. Objeciives: To
assess the effect of LPS and 1L-6 on plasing C4BP, PS-C4BP
complex levels. PS activity. and C4BP expression by rat liver
in vive and on CABP expression by isolated rit hepatocyies
i vitro. Resalts: Plasma CABP antigen level  transiently
decreased from 2 10 12 hoafter LPS (2 mg k") imjection, and
then itabruptly increased up to 24 hafier LPS injection. Plasi
CABP antigen level increased until 8 h after TL-6 (10 pg ke ™)
injection. and then gradually decreased up to 24 h afier 1L-6
injection. LPS significantly decreased the protem and mRNA
expression of both CHBPa and CABP in rat hepatoeytes, ind
this efTect was inhibited by NFkB and MEK ERK inhibtlors.
LL-6 medhated increase in CABPP expression in rat hepatocytes.
which feads 1o increased plasma PS-CABP complex level and 1o

decreased plasma PS activity, was inhibited by inhibition of

STAT-X. Conclision: LPS decreases both C4BPa and CABPJ
expression vii the NFxl3 and MEK ERK pathways, whereas
IL-6 specifically mereases CABP[ expression via the STAT-3
pathway, cousing an imerease i plasma PS CABP complex, and
thus decreasing the anticoagulant activity of PS
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Introduction

Plasma Cdb-binding protein (C4BP). mainly synthesized in
hepatocytes. acts as a cofactor of the serine protease factor (F) 1
for the degradation of Cab in the classic complement pathway
[1.2); C4h degradation nhibits the formation of the C4h2a
complex (€3 convertase), which plays o entical role m the
nflammatory response following activation of the complement
system. CABP arculates in human plasma in several forms
because of ditferent combinutions of its 2 (Mt 70 0003 and [} Mr
45 000y clains [2]. CABP contams either six or seven @ chiins
(CABP) and enther one or no [Fehan (CABPN (2], CABPz and
CABP hind to Cdb and to the anticoagulant protein S (PS)
respectively. PS s o vitamin K-dependent plasma glveoprotein
(Mr 75 000) that functions as o cofactor of the anticoagulant
protease. activated protemn € (APCL APC inactivates the blood
comgulation factors FVaand FVIn[3.4]. PS also binds 1o FVa
and FXa and by tis mechansm it may directly inlabit the
prothrombinase complex [S6). In uman plasmit, approxi-
mately 60% of total PS drculates in complex with C4BP.
whereas approximaltely 0% of otal PS crculates in free form
[7.8). only the free fonnm of PS has cofactor activity for APC
[9.10). PSis a physiclogically important anticoagulation factor,
because patients with hereditary PSdeficiency suffer from severe
thrombotic diseases [11,12]. Decrenased levels of free PS may lead
to o thrombaotic tendency. suggesting that increased levels of
plasiia CARPare a nsk factor tor thrombosis. Because increased
plisma Jevels of CABP induced by mierleukin (11L)-6 have been
descabed during the inflammiatory response. C4BP s also
considered as an acute phase reactant [2]

We have recently reported thiat the expression of PS is
decreased in hepatoeytes and sinusoidal endothehal cells from
rats with endotoxemin, and thit thisdecrease 1s mednted by the
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