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I ntroduction

Platelet stimulation with dual agonist collagen &m@mbin leads to the
formation of two populations of activated platelesascording to the
surface a-granule accumulation. A subset of platelets, ab@it%
presents 10-100 times more of these coagulantipsott was called
COAT-platelets, an acronym for COllagen And Thromlaictivated
platelets. Convulxin (a GPVI agonist snake venom)ully able to
substitute for collagen in generation of thesescellhe finding that
additional agonist(s) can also produce a simildpspulation of cells
made the COAT-platelets changed to coated-plateddesring to the
coating of adhesive and procoagulant proteins ercétl surface. This
terminology focuses on the final cell product rathean the agonists
used in its formation. Platelet stimulation othé&ant convulxin +
thrombin (thrombin + Fc receptor binding, high-dotierombin,
thrombin receptor agonist peptide (TRAP) or immiabill collagen)
can also produce coated-platelets. The coatedigatgio upon dual
agonist stimulation is influenced by temperaturd anknown factors.
At room temperature there are more coated-platgletduced than at
37 °C. Young platelets are prone to form more eséhcells £70%),
than mature platelets. With the production of cogifatelets it has to
be emphasized two things:

1. Upon dual agonist stimulation with thrombin aocohvulxin (0.5
U/mL thrombin and 500 ng/mL convulxingll the platelets get
activated.

2. During coated-platelet formation there tw® separ ate populations
evolving. One with certain amount of e.g. fibrinagen the cell surface
(about 70% of all platelets) and another one wliHL@O0 times more of
the same protein (coated-platelets, about 30%l qflatelets). There is
no in-between state or a continuous spectrum.
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Not just Factor V but otheti-granule proteins are also presented on
coated-platelets such as fibrinogen, von Willebrdadtor (VWF),
azanti-plasmin  ¢AP), fibronectin, thrombospondin. Alfa-granule
proteins bound to coated-platelets are derivatimath serotonin.
During transglutaminase reaction binding sites loa ¢ell surface for
serotonin-derivatized proteins are provided by ifibgen and
thrombospondin. The putative structure of the ab@latelet surface
includes an intertwined network afgranule proteins, each retained on
the cell surface through multivalent interactionsthwmembrane
receptors and neighbouring proteins. Additionaltedalatelet feature
is the phosphatidylserine expression on the celmbrane. The
coagulant protein coating (with high amount of Badt) accompanied
with negatively charged phosphatidylserine phodpldad results the
third hallmark of coated-platelets: potent prothbomase activity.

Main objectives
|. Basic resear ch with coated-platelets
I/1. Connection between zinc ion and coated-platelets

Platelets contain high amount of zinc ion. Zincyplamportant role in
several biological processes and zinc deficiencysesa bleeding
tendency. There are data in the literature abaaitctinnection of low
level of coated-platelets and diseases with blemsdirJsing zinc
chelators we studied the effect of zinc on coatedefet formation.

|/2. Poreformation upon coated-platelet production

Using membrane impermeable dyes we made the nexowdis/ that
fluorescent dye was able to exit platelets upon tembplatelet
formation. This phenomenon could explain by poremfation on
coated-platelets. With different probe we triednteasure the size of
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these pores and studied the effect of inhibitiod aativation of these
pores on coated-platelet production.

|/3. Platelet-microparticles and coated-platelets

Platelet derived microparticles (P-MP) are the mmsnhmon type of
microparticles in human body. Their role of mainiag of normal
haemostasis is well known. P-MP-s are also susgpeotde involved
under pathological conditions such as diabeteseigpsion etc. Flow
cytometric detection of MP-s are cumbersome. Weeldped a new
method to increase the sensitivity of flow cytorgettsing this
technique we studied the connection of coateddplatermation and
MP production.

I/4. Role of CD9 tetraspanin in platelet-microparticles for mation

We have shown that coated-platelet production apemimed with MP
formation. Therefore we tested different agonisthweoated-platelet
production potential on their MP formation abilitkmong others we
used anti-CD9 antibody how it could affect MP protton.

II. Coated-platelet research in essential thrombocythaemia (ET)

There is growing body of evidence of the role oated-platelets in

different diseases. It has been found increasettdqaatelet levels in
pathological conditions with thrombotic events ¢k#, diabetes), on the
other hand lower level of coated-platelets has Iswwn in bleeding

tendencies (spontaneous cerebral bleeding, haeltaofhilt has not

been studied yet in essential thrombocythaemiaditon with elevated

platelet count. We compared coated-platelet leeélpatients of our

clinic to coated-platelet levels of healthy corgrolWe also evaluated
the effect of hydroxyurea (HU) treatment on the dowhan normal

coated-platelet levels in ET.



Materials and methods
Preparation of gel-filtered human platelets

Five ml of whole blood was drawn from the antecalbitein into a
plastic syringe containing 0.5 mL acid citrate desé buffer. After 1:2
dilution with buffered-saline-glucose-citrate (BSGAH 7.3) at room
temperature (RT), platelet-rich plasma (PRP) wasédtiately prepared
during centrifugation of the diluted samples insgilatubes at 170 x g
for 8 minutes at RT. Gel filtration was performed a column of
Sepharose CL-2B (Sigma-Aldrich, Saint Louis, MO, A)S and
purified platelets were adjusted to the cell coegion of 4 x10/uL in
BSGC.

Flow cytometric analyses

Subsequent platelet activation and immunostainiegevassessed in a
total volume of 100 pL containing Mix (79 uL), dgdtered platelets
with a final concentration of 40 G/L (10 pL), 1 phiotinylated-
fibrinogen (100 pg/mL) (Sigma-Aldrich), and agormisbnvulxin (1.25
pg/ml) (Pentapharm, Basel, Switzerland) amthrombin (5 U/ml)
(bovine thrombin; Sigma-Aldrich) in 10 pl. Mix wgsepared with the
following components: 10 mM HEPES, 1 mg/mL BSA, &is CaCl2,
1.25 mM MgCI2, and 150 mM NaCl. Different agonisintbinations
were also used: 5 U/mL thrombin + 10 pL A23187.téMd labelling
were additionally with 10 pL FITC-anti-fibrinogenntbody. For
Bodipy staining immediately before use, 5 mM Bodipgleimide was
diluted 1:10 in HEP/saline, and 5 pL of the dilutedterial was added
to 1 mL of gel-filtered platelets for 5 min at roc@mperature; final
concentration of Bodipy-maleimide was 2.5 puyuM. For
activation/inhibition tests gel-filtered plateletsere incubated with
different materials e.g. 150 uM o-phenanthrolineml/L cyclosporin-

6



A, 10 pg/mL ALBG6.In CD9 tests platelets were pretreated with 1 mg/mi
(final) of IV.3 for 5 minutes at room temperatuRT() to block FcgRlla
receptors and thereby prevent anti-CD9 mediatetklptaactivation.
Anti-CD9 mAb at 10 mg/ml (final) were then pre-il@aied with
platelets for an additional 5 min at RT prior tdiaation with convulxin
plus thrombin. Antiellbp3 mAb were tested similarly. Reaction was
assessed for 10 minutes at 37°C, then was stoped2@0 pL 1%
(wt/vol) paraformaldehyde in HEPES/saline and fix@d20 minutes at
RT. After fixation, 3.5 mL PBS containing 1 mg/mLSB (PBS/BSA)
was added, and the sample was centrifuged at 150fdx15 minutes.
The pellet was resuspended in 200 uL PBS/BSA, ledbelith anti-
CD41l1a-PE-Cy5 and streptavidin-PE (both from Beddickinson, San
Jose CA) and centrifuged as above and finally meuged in PBS. The
levels of coated-platelets were determined in peege (%). Detection
of platelet P-selectin (CD62) percent positivity svaerformed as
previously described. Basic research flowcytometitalyses were
performed at the University of Oklahoma on a FACSHalr (Becton
Dickinson, Mansfield, MA, USA) instrument with 15Whargon laser
and CellQuest software. Clinical research was perd at the
University of Debrecen on BD FACS-Canto Il instrurhgBecton
Dickinson, Mansfield, MA, USA), and data were anraly via BD
FACSDiva software (6.1.3 version).

Zinc measur ement with fluorometry

To measure platelet zinc concentration Newport Gré@dolecular
Probes Europe) was used. The membrane permeablpoke@reen
acetate (NG-Ac) enters the platelet where the szett gets cut off by
acetylase and becomes membrane impermeable. @eddilresting or
activated platelets were incubated in PBS with 25 ING-Ac for 30
minutes at 37 °C. After washing with PBS samplesewanalysed on



microwell plate by fluorophotometer(Fluorocount; cRard, Rungis,
France) at 485 and 530 nm to PBS/25 uM NG-AC blank.

b-BSA-(5-HT)s ELISA

Gel-filtered platelets were incubated in MIX witB ug/mL b-BSA-(5-

HT)6 derivatized with azidotetrafluorobenzoicacmbaactivators at 37
°C as mentioned above. After 10 minutes at 37°€,dhmples were
placed on ice and cross-linked for 2 minutes auati® cm from a UV
lamp (UV Crosslinker, FB-UVXL-1000; Fisher Scieitif Pittsburgh,

PA). One pg/mL chymotrypsin for 30 minutes at 3&@l cells were
then lysed with 0.5% Triton X-100. Microtiter platevere coated with
antibodies (10 pg/mL) and blocked with 2 mg/mL BS#ne hundred
pL aliquots of platelet lysate were added to thédsafer 90 min at RT.

Bound b-BSA-(5-HT)6 was detected with streptavideroxidase.

Confocal microscopy

After activation, platelets and microparticles wkieelled with Bodipy-
maleimide, as detailed. Confocal images were aeduwith a 488
argon, 568 nm Krypton, 633 nm Helium-Neon laseadreica TCS NT
instrument (Heidelberg, Germany) with a 100x micogsc objective
and 1.4 numerical aperture.

Animal experiment

BALBc mice were put on zinc free diet. Blood werawn using ACD

containing syringe by direct heart puncture and rtiee were than
sacrificed. Gel-filtered platelet rich plasma waedi for coated-platelet
assay as previously detailed.



Patientsand methodsin ET study

We measured the coated-platelet and P-selectin ZL[B@6els by flow

cytometry in 43 ET patients and 31 healthy contr@latients were
recruited from our clinical database of 175 ET guas. Diabetes and
NSAID treatment were exclusion criteria. Fifteen4d patients took
hydroxyurea (HU). Platelet functions were also @édsby PFA-100

method.

Statistics

Data were compared with a Student’s t-test, aniisstal significance
was set as P < 0.05. Experiments with MPTP modifina of
microparticle production were evaluated with a @ait-test. At ET
patients’ data Kolmogorov-Smirnov test was usedtlier evaluation of
the normality of the data. Results were analyzeduking linear
regression with adjustment for gender, reticulocgercentage, and
platelet count. Unadjusted between-group compasiseare done by
analysis of variance (ANOVA) or Kruskal-Wallis teq1<0.05 was
regarded as statistically significant. Statistiaahlyses were performed
by using SPSS version 13.0 (SPSS Inc., Chicagad)84).



I/1. Connection between zinc ion and coated-platelets
Introduction

Continuous high level of trace element of zincrssent in brain, heart,
lungs and muscle tissue. Zinc content in bloodebdesticles and hair
are variable in proportion to the zinc uptake. &&t have higher level
of zinc (400-800 uM) compared to other cells anchted mostly in
cytoplasm and dense bodies of unknown reasof. i@ns are involved
in almost every biological process from membrambitzation to cell
growth. Zinc deficiency accompanied with cutaneblegeding tendency
and impaired wound healing and growth, and neumdpayric
disorders. Connections between zinc and primarymbatasis have
been discussed in many papers. Zinc deficiencysleadbleeding
tendency therefore zinc may have a role of coatatdblet synthesis.

Results

Zinc chelators have been tested on coated-plateteduction. We

recently observed that extracellular zinc chelatorphenanthroline, 5-
amino-o-phenanthroline and TPEN, inhibited coatiedepet formation

by dual (convulxin + thrombin) and triple (convuixi thrombin +

ADP) agonist stimulation; specifically, 150 uM ogptanthroline

attenuated coated-platelet production by 66 + 12% 40+17% (mean
+ 1SD) respectively. A possible role for zinc in abted-platelet
formation was demonstrated by the observation thdt zinc can

potentiate binding of serotonin-derivatizeg-granule proteins to
immobilized fibrinogen. Specifically 50 uM zinc l@ned the apparent
EC50 for biotin-BSA-serotonin binding to fibrinogdoy 56%. In

addition, mice fed a zinc-deficient diet for 40 dashowed a significant
decrease in their ability to produce coated-plégele
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Discussion

We can say, that the exact role of zinc in platelstsiology is not clear
yet. We demonstrated the surprising fact, that zhelators inhibit
coated-platelet formation. During coated-plateleddpiction platelets
lost their zinc content by 40 %. Extruded zinc ptitges the build up
of protein coating on platelet surface as faciisathe binding of
serotonin-derivatizedy-granule proteins to serotonin binding sites on
fibrinogen and thrombospondin. In oer experintc angmented the on
binding of serotonin-derivatized-albumin to fibrgen in an ELISA
format by dose dependent manner. Zinc deficienayses bleeding
disorder in animal model. We demonstrated that niemt a zinc-
deficient diet for 40 days showed a significantliohecin coated-platelet
production. Longer lasting diet decreased the embptatelet
percentage more.

|/2. Por e formation during coated-platelet production
Introduction

A surprising observation occurred with experimemssigned to
measure intracellular zinc levels using fluores@mt chelators. These
data showed that the fluorescent chelator Newpesrgwas lost from
coated-platelets although platelet size did nagredt significantly by
flow cytometry. This observation was supported Iy tlemonstration
that intracellular calcein and fluorescein wereoadlsst from coated-
platelets. In addition, the two membrane-impernegobes, FITC-
phalloidin and biotin-maleimide, were incorporaietb coated-platelets
but other F-actin specific probe the FITC-DNase &thbC-anti-actin
IgG did not, only in case of pre treatment with @ap, causing
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membrane degradation. These lead to the hypottiesdia “pore” was
formed in the membrane of coated-platelets.

Results

Several different size, membrane-impermeable probese then

utilized to demonstrate that this pore was capab&lowing molecules
up to 2139 daltons, but smaller than 3380 daltomgnter or exit the
coated-platelet. This “pore” may also be at lemst mechanism for
extrusion of intracellular zinc from coated-platslePore of this size
exists temporary in the mitochondrial outer memerdaring apoptosis,
called mitochondrial permeability transition poMdHTP). Apoptosis
signal activates this pore, making the mitochondrgwell and lost of
its potential causing cytochrome-C release into ¢h®plasm and
caspase-3 and caspase-9 activation. Flow cytonastdlysis of coated-
platelet production was used to examine the impapharmacological
effectors of MPTP formation. Effects of MPTP inhdos (cyclosporin-
A, coenzyme Q, bongkrekic acid) and activators a@doside,

phenylarsine oxid (PAO) and diamide) were detetigdnitochondrial

potential AWy, sensitive dye (JC-1) along with coated-plateletbps

(fiborinogen retention, phalloidin uptake and phaspdylserine

expression). Phenylarsine oxide and diamide, batterpiators of

MPTP formation, stimulate coated-platelet synthe#isractyloside,

another inducer of MPTP formation, does not affeet percentage of
coated platelets synthesized; however, it doeseas® the level of
phosphatidylserine exposed on the surface of cqateelets.

Discussion

We can state that coated-platelet synthesis acauegpaith membrane
pore formation of size cut off of 2100-3400 daltém example of this
pore is MPTP, playing a role in apoptosis. MPTRvatibn increases
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and MPTP inhibition decreases coated-platelet ftona These
findings indicate that MPTP formation is an intdgevent in the
synthesis of coated platelets. Although the exawcttion of the MPTP
remains to be determined, these data support aimggowody of
evidence that apoptosis-associated events arecataponents of the
platelet activation process.

|/3. Platelet-microparticles and coated-platelets
Introduction

Platelet microparticles are irregular small vescl8.1-1 pum of
diameters released from activated platelets. Thase the most
abundant type of microparticles. Their main feadusee expression of
proteins common with platelets’ e.g. P-selectin, IGRGPIIb/llla,

GPIV, GPV, GPIX, VWF, fibrinogen, FV, FVIII, thronaspondin,
protein-S, caspase, cytochrom-C. Additionally tipegsent negatively
charged surface phosphatidylserine with potent hpootbinase and
tenase activity enhancing coagulation. Pathologmahditions with

elevated numbers of platelet-microparticles are:ESisickle cell

anaemia, paroxysmal nocturnal haemoglobinuria, rgbro
myeloproliferative disorders, diabetes, renal ifisigncy and

hypertension. Coated-platelets express surface ppatidylserine as
well, making a plausible connection between coalatelets and
platelet-microparticles. We used a cytoplasmatigoriéscent dye
(bodipy-maleimid) with high fluorescent capacityr foetection of
micropatrticles.
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Results

Confocal microscopy revealed, that platelets, pddated with bodipy,
upon dual agonist stimulation with convulxin andotibin, produce
high amount of microparticles of 0.3-0.5 pm of daer.
Microparticles generated by convulxin plus thrombie positive for
GPIlIb/llla (using FITC-anti GPIIb/llla antibody).Bmicroparticles are
annexin-positive while only a fraction of the plats are annexin-
positive, i.e. phosphatidylserine expressing coatatelets. Convulxin
or thrombin alone makes a few microparticles in baed, on the other
hand calcium ionophore A23187 by itself or in conation with
thrombin generates high amount of microparticlewFcytometry
makes it possible to calculate microparicle-cogikadelet ratio with
different agonist or agonist combinations (contrognvulxin plus
thrombin, convulxin, thrombin, Ca-ionophore plusrotnbin, Ca-
ionophore). Single agonist stimulation produces <1
microparticle/coated-platelets, not different frazantrol's. However,
using dual agonist or A23187 activation increasekraparticle
number. In average convulxin + thrombin or A2318&de 25% and
90%  coated-platelets of all platelets respectivelyand
microparticle/coated-platelet ratio was 12-20. Ehphenomenon was
reproducible i.e. there is high correlation withated-platelets and
platelet-microparticles.

Discussion

Microparticles produced upon platelet activationyrhave an important
role in haemostasis, especially in ITP, seeing thair negatively
charged phophatidylserine surface make an idealcepldor
prothombinase complex. The small size of micropkesi makes it
difficult to analyse them. New staining techniquathw bodipy-
maleimide, developed by us, gives fluorescence icraparticle size
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enough, that we can do quantitative measuremeritolay cytometry.

Different experiments with various agonists revda&ong correlation
between coated-platelet formation and the number ptaHtelet-

microparticles produced.

I/4. Role of CD9 tetraspanin in platelet-microparticles formation
Introduction

CD9 glycoprotein (p24, motility related protein i$)a member of the
transmembrane 4 superfamily or tetraspanin (TM48B)9 is present
on platelets, white blood cells, endothelial celisurocytes, vascular
smooth muscle, cardiac muscle, and epithelia. $t haransmembrane
domains that make 2 extracellular loops and a stydoplasmic C- and
N termini. The tetraspanins have an ability to biadeach other or to
other membrane proteins forming a big membrane catde complex.
CD?9 is involved in many biological processes: aglbwth, motility,
cell adhesion, activation and signalling. The bouneétwork of
tetraspanin, the tetraspanin web, has an importéain cell fusion. To
this it has to bind to surface integrins makingoanplex. An example
for this kind of cell fusion is the sperm and o@cyfusion. CD9-
deficient female mice showed sterility caused letect in the gamete
fusion process. CD9 is an abundant platelet mensbpaotein approx.
45000 molecules/cell. The role of CD9 in plateléygology is still
obscured. Megakaryocytes need CD9 for their maturat For
GPIlIb/llla activation CD9 binds to this integrin and to FcpeRll
However, CD9 deficient mice do not have appareptiastatic defect.
We have shown an unexpected finding recently thedrai-CD9 mAB
ALB6 plus thrombin produced average number of abalatelet
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without platelet microparticle formation. This dis@ry made us to
think that CD9 is essential for platelet micropaeiproduction.

Results

Four anti-CD9 antibodies were utilized to check tedeplatelet

production and microparticle production. The fountildodies (FMC,

ALB6, SN4, ML13) were active against three differepitopes of CD9
and all of them inhibited significantly the micrapele production

upon convulxin plus thrombin activation. This initiln was more

pronounced with platelet stimulation by A23187 pthsombin. The

negative effect of ALB6 lasted only at the begimn#:3 minutes of the
reaction and this checked up with the observati@t toated-platelet
formation happens within this period of time. Viszad by confocal

microscopy we managed to show the absence of naidioles when

ALB6 and convulxin plus thrombin were used as pédtagonists. Is
has been known that CD9 does not act in differevibgical processes
alone but in tetraspanin web e.g. bound to intsgrtherefore we
investigated the effect of anti-GPlIb/lIltaonoclonal antibodies (AP2,
Tab, abciximab) and small molecule GPIIb/liibitors (eptifibatide,

tirofiban and DMP-802) on microparticle productioAP2 antibody

decreased the microparticle formation significanfy<0.01), other
antibodies and inhibitors did not have the samecéffiowever none of
the molecules attenuated coated-platelet production

Discussion

The role of CD9 in platelet physiology is not cleget. Previous
observations have shown that the anti-CD9 ALB6 nati¢es
microparticle production. This negative effect tarates after 2-3
minutes of reaction that makes another indirectneotion between
coated-platelet and microparticle production. THOG@nolecule has the
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ability to bind to another CD9 molecule and othesnmbrane proteins
building up a tetraspanin web, responsible fordgadal effects. Four
anti-CD9 monoclonal antibodies against three diffieiepitopes of CD9
proved to work the same. These same effects oardift epitopes are
in favour the fact that the antibodies stericalgchl the formation of
tetraspanin web rather than block a specific CD3 gotein

interaction. CD9 is in connection with GPIIb/Iiteerefore we tested
GPIlIb/llla inhibitors as well. AP2 an anti-GPIlIb/lllanonoclonal

antibody significantly inhibited microparticle foation but other
inhibitors did not. CD9 molecule and tetraspanirtbwave been known
to work in cell fusion. This was the first obseigat of CD9 in cell

degradation and microparicle production.

II. Coated-platelet research in essential thrombocythaemia (ET)
Introduction

Coated-platelets and their basic features have besmovered in the
last decade. These hyperactive platelets may playnportant role in
different ischemic and thromboembolic diseases. pesof these
obvious assumptions clinical researches are stilperminal phase.
However, there are already some results availadlezated coated-
platelet levels compared to healthy controls haeenbfound after
coronary interventions, in cortical stroke, in s&mt ischemic attack
(TIA), especially in hypertension. Additionally,a@rent non-lacunar
stroke and interestingly Alzheimer disease havenleved to have
higher-than-normal coated-platelet levels. Diabetasd chronic
haemodialysis are also prone to posses elevatdddepkatelet count.
Contrarily, low coated-platelet levels have beeunfib in spontaneous
cerebral haemorrhages, in lacunar stroke and senageophilia A.
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Animal models have shown that impaired haemostasisScott’s
syndrome may have been explained with low coatatkfgt count.

We examined the role of coated-platelets in esslftiombocythaemia
(ET). ET belongs to chronic myeloproliferative diders. Its main
feature is the sustain elevation of platelet coypdt50 GJ/L)
accompanied with thrombotic or haemorrhagic evdfitsy percent of
ET cases has JAK-2 kinase V617F mutation. Thromlbodm
complications are the main causes of mortality amwibidity. We can
expect increased risk of both arterial (stroke, caydial infarction,
arterial occlusions) and venous (deep vein thromsbgsulmonary
embolism) thromboses. Haemorrhagic complicatiorsless frequent
and are typical with very high platelet count (>Q5@/L) and
manifested by bruises and mucous membrane bleediige
pathomechanism of abnormal platelet function with without
haemostatic conditions in ET is still under invgation, and seems to
be contradictory at certain poinfrevious observations have reported
increased spontaneous aggregation, but, in tucredsed epinephrine
and collagen responsiveness during platelet agtjoaghaave been also
seen with a lower ristocetin cofactor/von Willebdafactor (VWF)
antigen ratio, and reduced level of large VWF mmuidtis. PFA closure
times (CT) are usually prolonged in ET subjectsardbpss of having
thrombotic/bleeding complications or not. Increaspthtelet and
monocyte activation due to elevated levels of p&temonocyte with
platelet-neutrophil complexes and increased platelselectin (CD62)
positivity, higher number of immature platelets amedaggerated
thrombin generation may also be responsible foontmotic events
especially in ET patients with JAK2-V617F mutatiom addition,
acquired deficiency of antithrombin Ill, protein @d protein S might
contribute to thrombosis in ET as well. However, &o vivo test
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provided predictive information on the risk of thrbosis or bleeding in
ET.

Results

There was a significant difference in age (p<0.086)ET patients were
older than controls (61+11.5 years vs. 49+9.7 yeairsage). No
difference was seen in gender (female/male: 326124/7), and in the
number of smokers and non-smokers (11 vs. 14 dshjeccording to
JAK2 mutation (V617F) status, 9 ET patients showedative results,
whereas 34 patients were JAK2 positive (79%). QGbatatelet levels
were studied in 15 ET patients with no treatmeobh@lwith 28 patients
on hydroxyurea therapy. Platelet counts were Swantly higher
(p<0.0001) in both non-treated and treated ET suljgg compared to
controls (577£161 G/L, 513£127 G/L vs. 294+67 G/byt with no
difference (p=0.2212) between the two ET subgroudpsthermore,
within the platelet population L-PL count was sfgrantly higher in
both non-treated (p=0.0065), and treated ET patigip=0.0007)
(11.748.2 G/L, 10.946.0 G/L vs. 6.2+£3.0 G/L). Hoveey MPV
parameters were similar in all study groups (9.6#Q, 9.0+0.8 fL vs.
9.240.8 fL). Significantly higher platelet P-selectpercentage was
found in the ET group compared to healthy contr¢@D62%:
1.64+1.16% vs. 1.15+0.48%, p=0.0461). There wadifierence in
CD62% between non-treated and treated ET patidn$£1.56% vs.
1.63£0.91%). These results were accompanied wilopged PFA-100
CT values showing significant differences betweeh iRdividuals
(regardless of being treated or not) and the heatiort with either
cartridge (PFA coll/ADP: 9816 s, 102+33 s vs. 88%] PFA coll/adr:
16355 s, 152+26 s vs. 127+27 s). In terms of abatatelet
percentage, non-treated ET patients showed significlower levels of
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coated-platelets versus normal subjects (23.1+88%37.6+12.7%;
p=0.0008). On the other hand, coated-platelet $eivethe hydroxyurea-
treated group (34.1+12.3%) were significantly high@=0.0008),

which did not differ from the normal values (p=0037. The absolute
number of coated-platelets was also calculatedach esubgroup. We
did not see an alteration in the coated-platelehlver between non-
treated ET patients and healthy subjects (129.7+5@/L vs.

115.2¢51.1 G/L; p=0.403). Moreover, there was n@nificant

difference in coated-platelet count between noaté@ and

hydroxyurea-treated ET individuals (165.7+78.8 Gfs0.127). We

also analyzed the effect of JAK2-V617F mutation amated platelet
level. There was an interesting tendency that olnee$t mean level of
coated-platelets was seen in the non-treated JAKRFF positive

patients (21.8%) in contrast to those without mataand medication
(30.1%). Furthermore, among individuals with JAK2itation, mean
coated-platelet levels were more elevated at hydn@a treatment than
in JAK2-negative patients (from 21.8% to 33.1% frem 30.1% to

36.6%).

Discussion

In recent years, a large number of publicationscrilesd a special
subpopulation of activated platelets called cogtietelets. Coated-
platelets demonstrated higher or lower levels tharmal in various
diseases. Elevated coated-platelet formation has ineplicated in DM,
TIA, and coronary artery disease with a potentaé rin thrombotic
complications. Larger amount of coated-plateletsdpced excessive
guantity of platelet microparticles as well. On tbentrary, severe
bleeding conditions were also associated with thweefl levels of
coated-platelets in intracerebral haemorrhage, y eddemorrhagic
transformation in non-lacunar brain infarction, andhaemophilia A
with frequent bleeding tendency. However, no dataavailable about
20



coated-platelet formation in haematological dissasdth platelet
abnormalities.

In our study, we first intended to analyze whetther levels of coated
platelets were basically altered in ET regardlessarny haemostatic
abnormalities. Thus, we recruited ET patients vethegative history
for bleeding or thrombotic complications. We poatet abnormal
coated-platelet levels in ET compared to healthyddmns due to the
pathogenesis of this myeloproliferative disease. Ust@ially occurs in
elderly people that made difficult to find an agetoihed healthy
control group without underlying diseases or conitamb treatment.
Therefore, significantly younger controls could leed for statistical
comparisons, but other characteristics were matthedr ET patients.
Due to the significant difference in age betweee #mtire ET and
control cohorts, we selected ET patients (n=6), wieoe age-matched
to our normal subjects (52.2+13.2 years vs. 493@drs, p=0.322).
Platelet counts were significantly higher in the &®up, but we failed
to show any difference in MPV. Although the numbgétarge platelets
was significantly increased in ET regardless ddtireent, the ratio of L-
PL was not high enough within the entire platelepydation to affect
the overall MPV values in our patient cohort. lkieown that larger and
thus younger platelets are usually more active.il&ily, in patients
with immune-mediated thrombocytopenia with increadestruction of
platelets, L-PL count was significantly elevateanpared to those with
aplastic anemia with platelet hypoproduction. lestingly, reticulated
platelet count and reticulocyte count were simitaall ET patients and
controls. Impaired platelet function was observea prolonged CT
values in PFA-100 tests in our ET patients. Sirylaothers also
showed that such patients demonstrated longer 6ltseversus non-
ET subjects. Simultaneously, CD62 levels were saidor detecting
platelet reactivity. Elevated platelet P-selectipression was detected
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in our ET cohort versus healthy subjects as wasodstrated in
previous studies. Novel and striking differencegenseen in coated-
platelet levels in ET. Non-treated patients showphificantly lower
coated-platelet levels compared to our control®(@808). Among ET
patients, the increase in coated-platelet percentas not related to the
increase in platelet count. On the other hand, I¢évels of coated-
platelets were significantly higher in treated HlIbjects (p=0.0008)
approaching the values measured in healthy indalgjiso hydroxyurea
treatment seemed to have an effect on coated-g@igedduction in ET.
We point out that these observations are basedatienps without
thrombotic or hemorrhagic complications, and hygrora was the
only treatment making a homogeneous study cohortdated-platelet
measurements. More importantly, we analyzed copl@let levels
before and after hydroxyurea treatment in the spenson. In three ET
patients, hydroxyurea therapy significantly inceshagp<0.05) the ratio
of coated-platelets by 18% of average. To elimitla¢epotential bias of
age on coated-platelet level, an age-matched E§rsup (n=6) was
compared to controls. We still found significaniibyver coated-platelet
percentage in these patients (25.11£5.2%, p=0.0E8%ug controls,
which supported that coated-platelet level in ETswet an age-
dependent parameter. In addition, we determinedabis®lute number
of coated-platelets along with their percentagé,nousuch alteration in
coated-platelet count was observed between ET amchah subjects
what we detected in coated-platelet percentagesvidts studies
reported only coated-platelet percentage in varthssases, thus, based
on our results, we also suggest to analyze codstelgt levels in
percentage. Finally, the association between JAK2AF mutation and
coated-platelet levels was studied. Based on otabdae that consists
of 175 ET patients, 64.6% had JAK2-V617F mutatishjch was a
similar ratio to previously published data. Howe\verthe present study
group, this positivity was much higher being 79%isTalteration may
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come from the strict patient enrolment and thetiradly low number of
patients. More importantly, the lowest mean cogtiedelet ratio
(21.8%) was seen in the non-treated JAK2-V617Ftpespatients. In
contrast, mean coated-platelet percentage wasasimilJAK2-positive
subjects under hydroxyurea medication (33.1%),ahdAK2-negative
individuals regardless of the medication (36.6%,138). It was
previously described, that the presence of JAK2atmrt also interferes
with other cellular activation events such as hteP-selectin
expression, and leukocyte-platelet interactiong&Tn Based on former
publications, coated-platelet production and apsipteshared some
common features, since both cellular events coeldntiiated by pro-
apoptotic mediators such as BAX activators, andewahibited by
caspase inhibitors. Additionally, impaired apoposi megakaryocytes
has recently been demonstrated in ET. Since hydresy induces
apoptosis in a dose-dependent manner, we propagethis drug
increased apoptotic processes with an increaseerajen of coated-
platelets regardless of the original platelet cotidwever, in JAK2-
V617F positive subjects this elevation was somewhss effective
compared to the mutation negative patients. In HEliepts, either
thrombotic or hemorrhagic episodes may occur. Tihi@embolic
complications are usually well documented in mddregords, but
bleedings associated with ET may be unnoticed ¢enofgnored.
According to the WHO criteria, patients with higekr of thrombosis
are considered when being older than 60 years am@\ze previous
thrombotic event(s) in the history. Higher than Q%&/L platelet count
may be associated with high-risk of bleeding. Im study, no patient
had either >1500 G/L platelet count or positivetdng because of the
strict enrolment. Twenty-six patients were oldeaintt60 years of age,
but their coated-platelet levels did not differrsfgcantly from younger
ET patients (28.9£11.6% vs. 32.6+£10.4%). We sugtestin ET the
significantly lower levels of coated-platelets n@yntribute to platelet
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dysfunction. Further follow-up studies are required analyze the
possible relationship between coated-platelet ftiona and the
development of coagulation abnormalities.

New findings, observations

Coated-platelet productions are influenced by hmételet and
plasmatic zinc content. Zinc facilitates covalenbntd of
serotonine derivatized-granulum proteins on the cell surface.
Bleeding tendency observed in zinc deficiency mayhe result
of low coated-platelet ratio.

The mechanisms of coated-platelet production agptagis are
partially common e.g. mitochondrial permeabilityartsition
pore (MPTP). Inhibition or activation this pore lieases or
decreases coated-platelet formation respectively.
Coated-platelets produce in average 15-25 platelet-
microparticles/coated-platelet, important partiagza of
haemostasis.

CD?9 tetraspanin is essential for platelet-micrapatproduction.
Inhibition of CD9 blocks microparticle formation. D® is
known to be involved in cell fusion. This is thesfiexample of
CD?9 in the cell degradation.

Coated-platelet levels in ET are significantly lowdan in
healthy controls, irrespectively of age and pldteteunt.
Hydroxyurea, an apoptosis inhibitor, nearly resorthis
decreased coated-platelet level. JAK2 V617F muigpiositive
status accompanied with more attenuated coatedlgiat
production. Low coated-platelet level may contréouto
thrombocytopathy in ET.
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