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Study of platelet adhesion in patients with uncomplicated

hypertension

Giuseppe Andrioli, Riccardo Ortolani*, Luigl Fontana', Stefania Gaino,
Paalo Bellavite, Clara Lechi, Pietro Minuz®, Franco Manzato,
Giuseppe Tridente* and Alessandro Lechi'

Objective To evaluate platelet function in patients with
essential hypertension by sensitive methods investigating
platelet adhesion and expression of some platelet giyco-
proteins (GP), namely GPlb/llla (CD41/x,B:) and GMP-
140 (CD62/P-selectin/PADGEM), Other markers of platelet
(B-thromboglobulin) and endothelium activation (von Wille-
brand factor) were also measured.

Methods We studied 21 uncomplicated essential hyper-
tensive patients and 20 healthy normotensive control
subjects, non-smokers, matched for age and sex. Resting
and stimulated platelet adhesion was performed with a
caolorimetric method using the activity of platelet acid phos-
phatase for the determination of the number of platelets
adhering to human plasma- or fibrinogen-coated mi-
crowells. Platelet activation was characterized by flow cyto-
metric measurement of GPIlb/llla and GMP-140 in whole
blood and washed platelets suspensions, with antihurman
fluorescent monoclonal antibodies.

Resuits Thrombin-stimulated platelet adhesion to human
plasma-coated microwells was significantly higher in
hypertensive patients than in control subjects (0.05 U/ml
thrombin: 13.4 + 1.0 versus 7.7 + 0.6% adhesion; 0.1 U/ml
thrombin: 19,4 + 2.3 versus 12.6 - 1.8%; means + SEM),
whereas platelet adhesion to fibrinogen-coated wells did
not differ in the two groups. Flow-cytometry analysis of
whole blood demonstrated a significantly increased ex-
pression of GMP-140 in hypertensive patients compared
with normal subjects (percentage of CD62- platelets:
7.3+ 1.2 versus 3.7 — 1: means - SEM), whereas the ex-

pression of GPlib/lla did not differ in the two groups

Introduction

During the last two decades extensive research in exp-
crimental and clinical hypertension has deseribed 4 con-
siderable number of plateler abnormalities [1] and the ae-
cumulated dara have reported either normal or activared
blood platelets fram patienes with essential hypertension.
Some authors have reported cnhanced plateler ageregation,
at least in patients with more severe hvpertension [2,3],
increased platclet size [4.5] and a release reaction, de-
termined as increased plasma P-thromboglobulin [3,6], in-
creased intracellular free calcium  concentration [7-9],
increased dopamine uprake [10], reduced serotonin content
and reduced serotonin uprake [11]. However, other studies
have not confirmed these findings and the study of the

(percentage of CD41a" platelets: 725 - 45 versus
70.4 + 3.9). Moreover, flow cytometry showed an increased
size of platelets in hypertensive patients compared with
that in control subjects (forwards scattering: 465 + 1.5
versus 38.9 =+ 1.1; means - SEM). Flow-cytometric evalu-
ation of washed platelet suspensions showed no stat-
istically significant differences beiween the expression of
GMP-140 and GPlIb/llla in the two groups. -Thrombo-
globulin plasma levels were higher in hypertensive patients
than they were in normal subjects (36.3 + 2.0 versus
28.2 +1.3ng/ml; means + SEM). Von Willebrand factor
plasma levels were not significantly different in the two
groups {101.2 + 10.3 versus 86.3 + 5.6 U/sd)).

Conclusions These findings provide further evidence that
there is a significant, albeit weak, platelet activation in
hypertensive patients compared with normal subjects.
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functional response of platelets to adrenaline and ocher
agonists has given contradictony results (sec review [12]),
This diserepancy could be relured to various factors: analvrical
methods emploved. differences in the populations studied
(age, duration and severity of the discase) and the prescnce
of other diseases, such as diaberes and atheroselerosis,

Moreover, the conflicting evidence regarding platcler char-
acteristics in human essential hypertension reported by
various authors is difficult to interpret, because the con-
ditions of blood sampling, anticoagulation, type of platelet
preparation and processing (whole blood, platelet-rich
plasma or washed platelets) and type of assay for functional
responses used by different investigators may influence

L1t¥



1216 Journal of Hypertension 1936 Vol 14 No 10

the results gready. Finally, essential hypertension s
a heterogeneous condition in which various patho-
physiological mechanisms might identify a large number
of phenotypic differences in the patient groups.

The ohject of this study was to investigate the possibility
thar platelers of essential, untreated and uncomplicated
hypertensive patients could be more activated than those
of control subjects. This was carried out using sensitive
methods to investigate plateler adhesion and the ex-
pression of some plateler glycoproteins, namely glyco-
proteins (GP) TIb/I1Ia (CD4L, %8, and GMP-140{CD62,
P-selecun/PADGENID.

Ve proposed recently a new methodology for studying
plateler adhesion thar proved sensitive and versatle; this
could be useful for the study of the complex mechanisms
involved in the activation and regulation of platelet fune-
tions [13]. Flow eyrometry is a rather recent and innovatve
technology providing accurate, sensitive and rapid meas-
urements of a relatively broad range of cell characrenstics
that include, among other things, the detection and quan-
tification of cell antizens. Flow-cyvtometric analysis of
humuan plateler morphology, volume and membrane pro-
tcins represents an emerging field in the application of
this technology both in investgatve and in clinical haem-
arology [14,15]. The recent availability of immunological
murkers of activation, such as CDA2, and the abilicy of
this methad to idencify small subpopulations of cells allows

the assessment of abpormal expression of the platelet
nembrane glycoproteins.

Patients and methods

Study subjects and eligibility

I'wentv-one recently diagnosed patients with mild or mod-
crate hypertension and 20 age- and sex-matched normo-
tensive controls were included in this study. Elevated
blood pressure was defined by svseolic/diastolic blood
pressure levels of more than 160/95 mmlilg on at least
three determinations. Seconduary causes of hypertension
were excluded on the basis of clinical examination, routine
laboratory tests including plusma renin activity and al-
dosterone  levels, renal scintigraphy and renography.
Subjects  with kidney (chronic
clomerutonephrinis, pyelonephrits, infections or urological

diaberes, disease
disorders), chronic disease (neoplastic, haematological,
hepatic or autoimmune discases), obesity (body mass index
=30 kg/m) and other known assoctared diseases or com-
plications were excluded. Subjects with wvascular com-
plications were excluded by standard clinical examinartions:
electrocardiozraphy, echocardiography, duplex scanning of
epi-aortic vessels, fundoscopy (Keith-Wagener—Barker ret-
inopathy stage ILI-1V). These pacents either had never
been treated or had stopped cheir antihypertensive treat-
ment for more than 3 weeks. Moreover, they had not
raken drugs affecting platelec function for ar least 20
days before the study. All of them were withour dierary
restrictions. Normotensive controls were enrolled from the

clinical staff and from healthy subjects. Blood samples
were extracted at 0800 h from all of the subjects after they
had fasted overnight. Theirinformed consent to participate
in the study was obrained from all of the subjects.

Isolation of platelets

Platelets were harvested from the blood of hypertensive
and control subjects by differental centnifugarion. Afeer
the first 4 ml blood had been discarded, a final volume of
10 ml blood was drawn by venipuncture into 166 ml of
anticoagzulant solution (15 ¢/ citric acid. 20 g/l dexrrose
and 25 ¢/l sodium citrate) and plateler-rich plasma was
obrained by centrifigation at 300 g for 10 min. The plare-
let-rich plasma was recentrifuged at 700 g for 15 min and
platelets were suspended gendy (3 x 107ml) in a buffer
composed of 145 mmol/l NaCl, 3 mmol{l KCL 10 mmol/]
HEPES, (1.5 mmol/l Na.HPO,, 6 mmol/l glucose and 0.2%
human serum albumin, pH 7.4 (huffer A) The recovery
of platelers in the isolation procedure was 96-98% of the
blood count. The plateler suspension was kept at room

temperature and used within 1h. Ten minutes before
their use, platelets were warmed o 377°C.

Assay of adhesion

A colorimertric procedure measuring the actviey of acid
phosphatase was used for the detsrmination of human
plareleradhesion to protein-coated enlrure microwells [13].
Briefly, 96-well microritre plates were coated overnighr az
+4°C by adding 100 gifwell human plasma or human
fibrinogen. Plasma was obuined from the same pool of
ten healthy subjects, stored at —30°C. Towas prepared from
acid citrate dextrose-ancicoagulated blood, centrituged ac
1300 g tor 15 min and assaved for presence of antiplarelet
Ab with a negative resulg then plasma was diluted 1:1 in
Dulbecco’s phosphate-buffered saline (PBS; Gibeo Letd,
Paisley, UK). Human Abrinogen was diluted in PBS
(0.2 mg/mi). The plates were then washed twice with
physiological saline. Immediately afrer the coaring and
washing, the wells were supplemented with 23 pl test
agonist (3 x the fimal desired concentration, in buffer A
with 3 mmal/l CaCl, and 3 mmol]l M50, Low doses of
thrombin (0.01, 0.05 and 0.1 Ufmb) were used to acrivate
platelers. Platelers were then brought to 37°C and 50 pl
plateler suspension (2.5 x 10" platelers), prewarmed at
37°C, added to each well using a muluchannel pipette.
The incubarion was carried out for a turther 60 min, then
plates were transferred rto the automatc washer (Easy
Washer 2; SL'I' Labs Instruments, Strasbourg-Schil-
ticheim, France) and subjected o two washing cycles
with PBS at room temperature. After washing, the wells
containing adherent platelets were rapidly supplemented
with 130 pl 0.1 molfl cirrate buffer, pll 3.4, conmaining
5 mmolfl p-nirrophenvl-phosphate and 0.1% Triton X-100.
After incubation at room temperature for 60 min, the re-
action was stopped and the colour was developed by the
addition of 100 pl 2 mol/l NaOH. The p-nizrophenol pro-
duced by the reaction was measured with a microplate



reader (Reader 400: SIT Labs Instruments) at 405 nm
agcainst a platelet-free blank. The percentage of adherent

u,lls was caleulated on the basis of a standard curve obtained

with a defined number of platelets of the same donor.

Flow cytometry

MMeasurements of the expression of GPIb/1Ta (CD41)
and GMP-140 (CD62) in the platelers were performed by
Auorescence-activated flow cvtometry. Whole blood or

washed platelet suspensions (2.5 x 10" plutelers/ml) were

3

incubated for 10 min at 37°C with buffer A (supplemented
with 1 mmolfl CaCl and 1 mmol/t MgS0,) or thrombin at
the indicated concentrations, in an end volume equal to
200 pl. The incubation was stopped with 1 ml ice-cold
buffer A
cwo 60 ul aliguors, one of which was incubured with 6 pl
antihuman CD41 mAb (FI'TC) and antihuman CD62
mAb (phyveoervthrin) (Immunotech S.A., Birmingham.
TIK), while
amount of Buoresceinated and phveoerythrinated control
immunoglobulin G, mAbs (Immunotech 5.A). The ant-
human CID 41 mAb is by clone P2 (hybridoma SP2/O-
A 14 myveloma X Balb/C
glycoproteins 1Th and Iila in

4°C and each sample was divided into

the other was incubated with a corresponding

spleen cells) and reacts with
complex inhibiting platelet
ageregation induced by thrombin, collagen and ADD. The
antthuman CD 62 m'\.s is by clone CLB-thromb/6 (hy-
§P2/0 X Az 1.4 X Balbfe x AJ sple

and recognizes the (J\H’ l—H expressed on the activared

bridoma S cn cells)

plitelets. Incubation with mAbs was carried out for 20 min
at +4°C.

of preliminary experiments showing a minimal platelet

This temperature was selected on the basis

sctivation under this condition (percentage of CL3627 plate-
lers with incubation at =4°C: 3.7 =
Cha2 platelers with incubation at room temperature:
bd 4+ 1.1
1ml ice-cald buffer A and analvsed immediately (16] by a
FACSean flow cvtomersr (Becton Dickinson, San Jose,
Califarnia, USA) equipped with a SV
pperated at 200 mW power 4t @ wave ength of 485 nm.

(1L.9; percentage of

n =6 Finallv, the samples were diluted wich

areon luser and
Fluorescein fluorescence was detected using a 330/50 mm
band pass filter and phivcoervthrin fluorescence was detected
with a 585/42 mm fleer (Becton Dickinson). The instrument
was aligned daily with 2 pm Calibrite beads (Becron Dickin-
son} to calibrate the hight-scartering and fluorescence para-
meters. The analvses were performed for 10 000 events n
cach sample, using the software Lysis-1T (Becton Dickinson).
Samples were passed through the laser beam through a
70 um nozzle at a flow rate of 300-600 blood cells/s. Log-
arithmic amplification was used for the fluorescence signals
and linear amplification for light-scattering signals. The
plateler population was identified on the basis of the for-
wards and sideways scattering characteristics and the 1den-
tity was confirmed by the use of 2 monoclonal antibody to
a platelet antigen such as GPIIb/IIla and P-selectin, The
size distribution, calculated as forwards scattering, was the
same in blood and in washed platelets.
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Table 1 General characteristics of the populations studied

Mormotensives Hypertensives

{n =20 in=21)
Sax {maleffemale) 10/10 1447
Age lyear 4581 4+ 5.4 (2B-88) 51.3 4.8 (37-63)
Body mass index (kg/m’) 242+ 08 236+ 1.0
Blood pressurs (mmHg) 1224 =B8.3/77.6 £ B1 1781 £ 11.1/108.6 £ 6.3
Glucose {mmol/l 3.858 =038 491+033
Chaolesteral (mmolfl} 453+018 4724040
HOL cholesteral (mmal/l} 1.02 + 0.20 1.01 =021
LOL chalestere! (mmaldl) 318 031 333+ 027
Triglycer [mmaolil) 1.51 = 0.24 1.54 £0.30
1l {ma/dh 81 + 59 302 = 51
Platalet count { = 107l 230 4 40 243 + 3

expressed as m
poproten; LDL, low-

ns © SEM [ranges for age onlyl. HDL, nigh-

Other laboratory investigations

The quantitative determinations of von Willebrand fuctor
(VW and P-thromboglobulin (B-TG)
ENZVTIE-TMIMUNOASSUYS
Milun, Traly)
lected without venous ocelusion, to avoid stasis and anoxia,

were performed by

(Bochringer Mannheim lralia.

For these dererminations, blood was col-

in chilled tubes conrining acid citrate dextrose and pro-
cessed immediacely for removal of platelets by high-speed
centrifugation. All other parameters documented were

is.

determined wich routine metho

Statistical analysis

Differences berween twa means were compared by unpatred
Srudent's t-rest. Variables were rested to ascertain a normal
distribution and changes wirhin and beoween the groups
bv using Student’s t-test and. when applicable, with non-
paramctrical statistical methods (the Wilcoxon test). To eval-
wate correlations between varables, Pearson’s ¢ correlation
test was performed. The reproducibility of the assays was
determined by caleulation of the interassay and intra-assay
coefficients of varaton. P <03 was considered statistically
significant. Values are presented as means = SEAL

Results

Baseline characteristics

The most relevant characteristics of the hypertensive patients
and control subjects studied and their plasma parameters
are summarized in Table 1. No sienificant differences were
observed between the two groups, except for svstemic blood
pressure, Metabolic indices and body mass index were
remarkably similar in the two groups. There was a difference
in sex distribution. However, platelet activation did not differ
between men and women in both groups.

Platelet adhesion

Nine preliminary samples were used for the determination
of intra-assay and interassay cocfficients of variation. These
were found to be 3.8 and 9.2%, respectively.

Figure 1(A) shows plateler adhesion to human plasma-
coated wells under resting conditions and in terms of the
dependence on inereasing doses of thrombin (0.01-0.1 U/
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! to fibnnogen-coated
wells (Bl. CS, control subjects; EM, hypenansive patients, Values are
expressed as means = SEM. "P<I0.02, *P<0.01.

ml). Figure HB) shows platelet adhesion to fibrinogen-
coated wells under the same conditions. In both cases
unstimulated platelets showed a minimul adhesion o the
coating surface; morcover, in the absence of stmulants
and in the presence of low doses of thrombin (.01 17/ml).
adhesion was higher for platelets both from hvpertensive
and from control subjects when the assav was performed
on fibrinogen-coated plates than when it was performed
in plasma-coated wells. Thrombin-stimulated adhesion to
microtitre plates coated with human plasma was sig-
nificantly higher for platelets from hypertensive patients
than it was for those from control subjects (0.05 Ufml
thrombin: [3.4 + 1.0 versus 7.7 + 0.6% adhesion; 0.1 [/m]
thrombin: 194 + 2.3 versus 12.6 + 1.8%; P=<0.01). Throm-
bin-stimulared adhesion o Abrinogen-coated wells was
also higher for platelets from hypertensives, but the dif-
ference was not sttistically significant.

Flow-cytometric evaluation of platelets

For flow-cyvtometric assav, nine preliminary samples were
used for the determination of intra-assav and interassay
coefficients of variation. These were found to be 3.2 and
Y.8%, respectively.

The behaviour and membrane properties of platelets on
whole-blood flow-cvtomerric analvsis are shown in Figure
2. Figure 2(A) shows the graphic presentation of analvsed
cells in an unstimulated sample from a normal subject,
discriminated in terms of their forwards scattering (size)
on the x axis and sideways scattering (granularity) on
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Whale-blood flow-cytometric aralysis of olatelzts, (A) Cells are separated by
their size {forwards scattering, logarithmic scale) on the x axis and granularity
{sideways scattering, logarithmic scale) on the y aus. Platelets ars containad in
the circled region. enclosed by an clectronic bit map: the area marked 1
defines erythrocyles; area 2 corresponds to machine noise and G
In the bit map, b of particles was positive far giycoprateins (GPiIDAa. (B)
A representative fluorescence hustogram of GMP-140 {marked 1) and GRIlb/
IHa {marked 2) expressions on platzlets in unstimulaled blood samples of a
control and of a hypertensive subject. Solid lines. control subject; dotted lines,
hypertensive patient,

ar dabris,

the y axis. Figure 2(B} is a representative fuorescence
histogram of platelet populations obrained in whole-blood
samples of hypertensive and control subjects. Figure 3
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Whole-blood flow-cytometric evaluation of plateiet GMP-140 expression; mean
resulls of the expenments. CS, normotensives; EM, hypertensives. Maluas are

expressed as mesns = SO0 P<0.0T.

summarizes the resules of scattering analvsis of platelets
from our patients and control groups. Platelets in whole
blood from hvpertensives showed a significant increase in
size parameter measured as forwards scattering (forwards
scattering 46.5 = 1.5 versus 38.9 £ 1.1; P<0.05); the side-
wavs scattering did not differ in the two groups (31.6 + 2.5
versus 29.8 £ 1.9). Figure 4 summarizes the immuno-
eviofluorimetric GMP-140
P-selectin expression was

evaluation  of  platelet
expression in whole blood.
significantlv higher in puticnrw‘ than it was in control
subjects (percentags of CDO27 plarelers: 7.3 £ 1.2 versus
3.7 = 1.means + SEAM; P<0.01), The expression of GPIIL/
ITla did not differ significantly in the two groups (per-
centage of CD41a™ platelers: 72.5 £ 4.5 versus 704 4+ 3.9),
Flow-cvtomerrie  evaluation of punficd plateler sus-
pensions both under resting conditions and after thrombin
sumulation showed no stacistical differences berween the
expression of GNMP-140 and GPIB/Ia in hypertensives

and in normal subjects (Table 2).

B-TG and vWf

Figure 3 reports che results of the quantitatve de-
termination of B-TG and vWY Plasma B-TG levels were
significantly higher in h\'pcrccmiw—: patients rhan they
were in control subjects (36.3 £ 2.0 versus 28.2 + 1.3 ng/f
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Walues are expressed as means = SEM. *P<0.05.

ml; P=<0.03), whereas vIWE les
and were not signiﬁcam]\' di’r‘f‘crcnt in patients from those
+ 10.3 versus 86.3 4 5.6 UidD.

els increased only slightly
in normal subjecrs (101.2

Correlations between platelet activation markers and
characteristics of the patients

No significant correlation was found berween the plateler
activation markers (adhesion, GMP-140, BTG and platelet
size} and clinical or laboratory characteristics of hvper-
tensive patients (sex, uge, bodv mass index, systalic and
diastolic blood pressures, and the laborazory paramerers
tested: glucose, cholesterol,

Moreover, no correlation was detectable

platelet count and so on).
berween plateler
adhesion and membranc expression of GPIIB/IIa and of
GMP-140, respectively. Neither was a correlation between
B-TG and flow-cveome
detected.

trie markers of platelet activation

Discussion

The first step of platelet funccional response is adhesion
to the vessel wall, a complex event involving a series of
plasma and subendothelial assue components (collagen,
fibrinogen, fibronectin and veon Willebrand facror) which
bind themselves specifically o several different platelet
membrane glycoproteins, A critical event in platelet ad-
hesion is the induction of a change in the disposition of

Table 2 Immunaocytoflucrimetry evaluation of washed platelet suspensions and of whole blood

Maormatensives {n = 20)

Hypertensives (n= 21}

GMP-140

Washed platelets Glycoproteins lin/llla GMP-140 Glycoprateins lIb/llia

Resting 71443801210 £1.92) 8+ 05 (4.66 +0.03) £3.2 + 1.8(11.58 + 0.94) 7841464 +03)
0.01 UWiml Thrombin 82143802217 +£1.92} 30 +1.7{12.85 + 0.93) 781+ 2801916 £ 1.47} 36 +£5.2{15.64 £ 2.28)
0.06 Uiml Thrombin BO £ 6.7(42.23 +4.13) £69.2 + 3.8{43.73 + 1.88} 86 +6.4(38.71 + 3.98) 71.1 44804833 = 2.02)
0.1 Wiml Thrombin 93 » 5.5(44.69 + 3.48) 78.8 + 2.7(48.80 1 1.23) 21.1 +£6.1(41.99 = 3.55) 815 +38 (5228 + 1.84}

Whole blosd 70.4 +3.5(11.2 £1.3)

37+1{(31+02)

725+ 3.9{13.2 £1.9) ?.S_i 1.2% (44 +04)

Values are expressed as means + SEM percentages of CD41a

and CDE2 " platelets {means of fluorescence intensities), **P<0.01, versus normatansives.
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the surface membrane glycoproteins, which acquire the
capacity to bind fibrinogen, von Willebrand factor, fibro-
nectin and vitronectin. The activation of platelets is also
associated with the expression of GMP-140, a selectin-
tvpe a-granule protein, which occurs within seconds on
the platelet surface.

The classic measurement of ex-vivo plateler aggregarory
response 1o a series of agonists is relatively insensitive as
a marker of plateler activation [17]. In recenc vears, the
use of fluorescence-labelled antibodies and Anw cytometry
has allowed the derection of membrane antigens and of
activation antigens on individual platelers [14,15]. Whole-
blood How-cyramerric techniques minimize arcefactuyl
plateler acrivation, which can be caused in wirw by ceni-
tifugation or other procedures used o separate platelers
and, above all, it cun detect hyporesponsive or hyper-
responsive plateler subpopulations [13).

The objective of the present study was to examine the
function and the properties of platelets from a group of
carefully selected hvpertensive patients by investigating
plateler adhesion, the expression of some platelet glyeo-
proteins, namely GPIIb/Ia and GMP-140. and BTG
release as indices of platelet activation iz ¢itrm. Our results
show that thrombin-stimulared plateleradhesion is stronger
in hypertensive patients than it is in control subjects: this
difference is significant only when the cells are left to
adhere to a plasma-coated surface. We have also observed
thar resting plareler adhesion o plasma- and to fibrinogen-
coated surfaces is very small and this allows us to exclude
activarions resulting from the platelet preparation. Both
under basal conditions (i.e. without agonist) and in rhe
presence of Jow doses of thrombin. the adhesion to fib-
nnogen is stronger than that observed Using microticre
plates coated with plasma. [t is, therefore, conceivable thar,
when using fibrinogen us a coating surface, platelets both
of hypertensive and of conerol subjects show maximal
adhesion because the surface interaction is facilitated by
the high availability of binding sices. Moreover, the binding
to fibrinogen further activares platelers and this may lead

cventually to platelet aggregation. We cannor exclude thar
a partial aggregation mav occur also in our experimental
setting, in which low platelet concentration and stationary
conditions were used to minimize aggregation. On rhe basis
of these observations, the use of fibrinogen as a binding
surface might therefore not be suible o assay exX-vivo
plateleradhesion. On the contrary, in the presence of plasma
there is competition between adhesion substrates, such as
von Willebrand factor, fibrinogen and fibronectin, and factors
like albumin, which hineder adhesion [13]. Platelets of
hypertensive patients do not exhibit an increase in basal
adhesion, but appear to be primed o the response to
thrombin. This primer state may be unmasked by specific
assay conditions. Only in this case can the difference be-
tween the two groups be detecred.

1

In order to characterize the possible molecular mechanism
of this enhanced plarelet adhesion in hypertensives furcher,
we measured, by immunocytoﬂuorimctry, the complex
GPIIb/I1Ia on platelets and a specific marker of platelec
activation (GMP-140). The fact that the expression of
GPIIb/Ta, the most important platelet recepror for fib-
rinogen [18], is not significantly different in the hyper-
tensive and in the normotensive subjects indicates thar
the plateler activation found in hypereensives is probably
weak, which would be consistent with the low differences
in adhesion to fibrinogen. It is possible that the anri-
GPIIb/IITa mAb which we used does nor allow one o
detect the small difference berween hvpertensive patients
and control subjects because it is not specific for epitopes
unmasked by activation, even ificis specific for the GPLIb/
[la complex which is more strongly expressed on the
surface after u stimulus [19].

In the present investigation, we showed thu platelets
of hypertensive patients have a sigmificantly increased
expression of GMP-140 compured with those of control
subjects, when tesred in whole blood. However, the in-
creased expression of GMP-140 in whole blood cannor be
observed with washed platelets and is not correlated with
the increased adhesion. These resules demonserate chat the
detection of the primed state of platelets in hvperensive
paticnts is strongly dependent on expenmental conditions,

The aim of this study was nor to investigate the mech-

anistic basis of platelet activation bur only to gain berter
understanding of whether this abnormaliry is actually pres-
ent or not. This was achieved by using two new merhods:
plateler adhesion to protein-coated microwells and ad-
hesion glveoprotein expression.

The evidence of increased thrombin-stmulared adhesion and
the increased expression of GMP-140 are in keeping with
other abnormalities, such as the increased plateler volume
and plasma concentration of B-TG. These abnormalities are
consistent with previous reports from our laboratory [9] and
others [7.8], which show that levels of eviosolic free Ca®”
ons are significantly higher in platelets of hyvpertensive
subjects. These observations are of obvious Impornee since
the [Ca’"], plays a pivotal role in plateler activation.

Regarding the increased platelet size measured by forwards
scattering which we have nored. a possible objection is
that it might have resulted from an arcefact of platelet
microaggregation rather chan being a real increase in size
parameter. We think thar this possibility is extremely unlikely
since the cyofluorimerric assay svstem used was designed
to study platelet function under conditions in which ag-
gregation is highly discouraged. In fact, the plarelet con-
centration in the final incubadon was much o low to
allow platelets w aggregate, Moreover, the incu bations were
performed under stationary conditions and aggregation is
facilitated by stirring [20].



These dara support the hypothesis that the platelet hyper-
responsiveness plavs @ role in the long-term CONSeqUENCEs
of hypertension. Increased plateler volume is considered a
non-specific marker of placclet activation since it has been
established that large platelets are more reactive per uni
volume than are small platelets and release more pro-
thrombotic factors, such as serotonin and BTG [211. Besides
in essential hvpertension, increased plateler volume has been
reported in other diseases (Le. myocardial infarction [22],
cerebral infarction [23] and prc~cclm‘npsi;-1 (241

We were not able to identfy any correlation between
platelet abnormalities and clinical profiles {i.c. age, dur-
ation of hypertension and blood pressurel. Therefore,
there is no evidence from these dara that platelet activation
is linked directly to the severity of the discase.
observed in

The increased platelet activation hyper-

censives might be secondary to a defect of endothelial
function of to an intrinsic plateler abnormality involving
the transduction mechanism. Endothelial dysfunction has
been postulated @ contribure significantly to the patho-
senesis of essential hypertension through several mech-
anisms. In pardcular, there is growing evidence that the
synchesis of NO, which has
dilatory propertics, by vascular endothelium 125,26] and by
platelets [27] may be reduced in essential hypertension. An
impaired endothelial function has recently been reported

anti-aggregating and vdso-

in uncomplicated hypertensive patients also by measuring
circulating vIWT antigen [28.29] and consequently we used
it as a marker of endothelial function. Ln this study, however,
we found no difference berween VW plasma levels in
uncomplicated hypertensives and in control subjects. Pe-
drinelli e af [30] found pormal VW plasma levels in
hypertensive patients without microalbuminuna.

In conclusion, this study provides further evidence that

there is a significant, albeir weak. platclet activauon m
essential hypertension. This abnormalicy may contribure
to the increased vascular risk of hypericnsive patients.
Whether this hypertensive platelet acrivation 18 an ex-
pression of a primary cather than a secondary defect could

be addressed in tuture studies,
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