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Platelet functional activity was assessed in healthy volunteers (HV, n=92), patients with stable angina
pectoris (SA, n=42) and acute coronary syndrome (ACS, n=73), treated with acetylsalicylic acid (ASA) + clopidogrel
and ASA + ticagrelor, respectively. In all HV and patients we have compared parameters of platelet aggregation
(maximum light transmission and velocity, T, and V) and parameters, characterizing exposure of platelet
activation markers, evaluated by flow cytometry. HV platelets were activated by 10 uM, 1 uM TRAP,
and 20 uM, 5 uM, 2.5 uM ADP; patient platelets were activated by 10 uM TRAP and by 20 uM and 5 uM ADP.
Strong and significant correlations between the aggregation and flow cytometry parameters (the r correlation coefficient
from 0.4 up to >0.6) most frequently were registered in HV platelet during activation by 1 uM TRAP and
in SA patients during platelet activation by 20 uM and 5 pM ADP. However, in many other cases these correlations
were rather weak (r <0.3) and sometimes statistically insignificant. In HV the differences in PAC-1 binding parameters
between platelets activated by 10 uM TRAP (the strongest agonist) and all ADP concentrations were negligible (<10%),
while CD62P binding (at all ADP concentrations) and LTA parameters for (5 uM and 2.5 uM ADP) were significantly
lower (by 40-60%). Antiplatelet therapy in patients decreased all parameters as compared to HV, but to varying
extents. For 10 uM TRAP the MFI index for PAC-1 binding (40-50% decrease) and for both ADP concentrations
the T, values (60-85% decrease) appeared to be the most sensitive in comparison with the other parameters
that decreased to a lesser extent. The data obtained indicate a possibility of inconsistency between different LTA and
flow cytometry parameters in assessing platelet activity and efficacy of antiplatelet drugs.
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INTRODUCTION by their size and binding to platelet-specific antibodies

(CD42b or CD41). To assess platelet activity by flow

Assessment of the functional activity of platelets
and the effectiveness of antiplatelet drugs, both
in clinical and experimental studies, are most often
carried out using light transmission aggregometry (LTA)
and flow cytometry tests [1, 2]. To measure
aggregation, platelets are activated in constantly
stirred platelet-rich plasma (PRP) with various
agonists (ADP, TRAP (thrombin receptor activating
peptide), collagen, arachidonic acid, etc.) and
the light transmittance (T%) of the suspension
increases during aggregate formation. In most
instruments the aggregation curves are characterized
by two parameters: the maximum level of aggregation,
calculated as the maximum increase in light
transmission (T,,,,), and the maximum aggregation rate
(slope of the curve), calculated as the maximum
change in light transmission per minute (V,,,,) [3, 4].
In contrast to the aggregation test, platelet activity
measurements using flow cytometry can be performed
in whole blood, in small volumes (less than 1 ml) and
when platelet counts are low. During the test,
whole blood platelets are pre-identified (gated)

cytometry, agonists (the same as in the aggregation
assay) are added to the platelets, and the level
of activation is measured by the Dbinding
of fluorescently labeled antibodies against specific
activation markers displayed on the platelet surface.
Most often for these purposes the PAC-1 antibody and
various variants of CD62P antibodies are used.
The PAC-1 antibody recognizes the activated
conformation of glycoprotein (GP) Ilb-Illa (CD41/CD61),
while CD62P antibodies interact with the P-selectin
protein, which is located in resting platelets
in the membranes of o-granules, and appears
on the surface of activated platelets due to exocytosis
of granules. The level of binding of fluorescently labeled
antibodies is usually characterized by two parameters:
the mean fluorescence intensity of the peak
(MFI, mean fluorescence intensity, arbitrary units, a.u.)
or the percentage of positively labeled platelets [5, 6].
Despite the widespread use of both aggregometry and
flow cytometry for measurement of the platelet activity,
it is unclear how consistent the results obtained by these
methods are with each other.

Abbreviations used: ACS — acute coronary syndrome; ADP — adenosine diphosphate, ASA — acetylsalicylic acid;
GP — glycoprotein; HV — healthy volunteers; LTA — light transmission aggregometry; MFI — mean fluorescence intensity;
PRP — platelet-rich plasma; SA — stable angina; TRAP — thrombin receptor activating peptide.
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In this study, we have investigated the functional
activity of platelets in healthy volunteers (HV) and
patients with cardiovascular diseases receiving
antiplatelet therapy by comparing the results
obtained using light transmission aggregometry
(LTA; T, and V,,) and flow cytometry
(MFTI parameters and the percentage of PAC-1 positive
platelets and CD62P-positive platelets).

MATERIALS AND METHODS

Healthy Volunteers and Patients

The study included: (i) healthy volunteers (HV)
(n=92, age 46+19 years, the male/female ratio 49/43)
who had not taken any medications for 10 days before
blood sampling; (ii) patients with stable angina
pectoris (SA) (n=42, age 65+11 years, the male/female
ratio 28/14) treated with acetylsalicylic acid (ASA)
(100 mg per day) and clopidogrel (75 mg per day),
(iii) patients with acute coronary syndrome (ACS)
(n=73, age 62+10 years, the male/female ratio 55/18)
treated with ASA (100 mg per day) and ticagrelor
(90 mg x2 times per day). The ACS group included
patients with myocardial infarction (n=58) and unstable
angina (n=15). All patients underwent percutaneous
coronary intervention on the first day of hospitalization.
Patients in both groups were expectedly older than HV
(»<0.001), and the number of men in the ACS group
was greater than in the HV group (p=0.003).
Blood from ACS patients was collected 46 days after
their hospitalization. All patients were treated
at the Chazov National Medical Research Center
for Cardiology (NMRC for Cardiology).

Platelet Aggregation

Platelet aggregation was measured as described
previously [7]. Blood was collected in 3.8% sodium
citrate  (the blood/anticoagulant ratio, 9/1);
PRP was obtained by centrifugation at 180 g for 10 min.
The platelet count was determined using an Abacus
Junior B hematology analyzer (Diatron Ltd., Austria).
Aggregation in PRP was recorded in a BIOLA analyzer
(BIOLA, Russia) at 37°C and a stirring speed of 800 rpm.
In the HV group, platelet aggregation was induced
by 10 uM and 1 uM TRAP (sequence SFLLRN, peptide
provided by M. V. Ovchinnikov, NMRC for Cardiology)
and 20 uM, 5 uM, and 2.5 uM ADP (AppliChem GmbH,
Germany), and in patients platelet aggregation
was induced by 10 uM TRAP and 20 uM and 5 uM ADP.
Agonists were added 0.5 min after the start of recording,
and aggregation was measured for 4.5 min.
The maximum level (T,,,,, %T) and the maximum rate
(Vmax> Y0T/min) of aggregation were determined.

Platelet Flow Cytometry

Platelet activity was assessed using flow cytometry
by measuring surface exposure of activated
GP IIb-Illa and P-selectin, as described in detail
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previously [8]. Activated GP IIb-Illa was detected
by PAC-1-FITC binding (BD Biosciences, USA), and
P-selectin by CD62P-FITC binding (IMTEK, Russia).
Control mouse IgG-FITC (IMTEK, Russia) was used
to measure nonspecific binding. Blood was collected
in 3.8% sodium citrate (the blood/anticoagulant
ratio 9/1) and diluted 1/6 with Tyrode buffer
without CaCl, (137 mM NaCl, 2.7 mM KClI,
0.36 mM NaH,PO,, 0.1% dextrose, 5 mM HEPES,
1 mM MgCl,, pH 7.35) containing 0.35% bovine serum
albumin. CD42b-APC (3 pl) and PAC-1-FITC (10 ul),
or CD62P-FITC (5 pul), or mouse IgG-FITC
(5 pl; control samples) were added to 60 ul of diluted
blood. Platelets were left unactivated or activated
with TRAP or ADP using the same concentrations
as in the case of the LTA assay. Samples were incubated
for 15 min at 37°C in the dark without stirring,
fixed with an equal volume of 2% paraformaldehyde
in phosphate-buffered saline (140 mM NaCl,
10 mM NaH,PO,/Na,HPO,, pH 7.35) for 40 min
at room temperature in the dark, and then analyzed
in a BD FACS CantoTM II flow cytometer using
BD FACS DivaTM software (BD Biosciences).
Platelets in whole blood were gated according to their
size and CD42b-APC staining, and 10,000 platelet
events were analyzed. Platelets in activated samples
were considered PAC-1- and CD62P-positive
(PAC-1+ and CD62P+) when their fluorescence
exceeded that of 95% of the platelets in control samples
(non-activated platelets with mouse IgG-FITC controls).
The average peak fluorescence level (MFI, a.u.) and
the percentages of PAC-1- and CD62P-positive platelets
(PAC-1, % and CD62P, %) were calculated.

Statistics

Statistical analysis was performed using
Statistica 12 software (StatSoft. Inc., USA). Most
of the analyzed variables followed normal distribution
(the Shapiro-Wilk test). Data were presented
as means + standard deviations (SD). The significance
of differences was assessed using the #-test for means
or the paired #-test (as indicated). Correlations were
assessed using the Pearson test.

RESULTS

The functional activity of platelets in HV who
did not take pharmacological agents, SA patients
treated with ASA + clopidiogrel, and ACS patients
treated with ASA + ticagrelor was assessed using
aggregometry and flow cytometry. In the HV group,
platelets were activated by 10 uM and 1 uM TRAP
as well as by 20 uM, 5 pM, and 2.5 uM ADP;
and in the studied groups of patients platelets
were activated by groups — 10 uM TRAP, and
20 uM and 5 uM ADP. 1 uM TRAP and 2.5 uM ADP
were not used to stimulate patient platelets, since
at such low concentrations these agonists stimulated
weak platelet activation responses under conditions
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of dual anitlatelet therapy. In the case of LTA assay,
Thax and V... were recorded, and the exposure
of activation markers in a flow cytometer
was assessed by MFI and the percentage of positive
platelets for binding of PAC-1 and CD62P antibodies.
The results of platelet activity measurements
by LTA and flow cytometry are summarized in Table 1.
In the HV group, the highest platelet activation
rates were found for 10 puM TRAP, while
PAC-1 binding rates were comparable to those
for 20 uM and 5 uM ADP. In SA patients and
ACS patients on dual antiplatelet therapy,
all activation parameters were expectedly reduced
as compared to HV. A more pronounced reduction
was observed in ACS patients as compared
with SA patients receiving ticagrelor, a stronger
P2Y12 ADP receptor antagonist than clopidogrel.
Significant differences between the SA and ACS groups
were found for all parameters when platelets
were activated with ADP (20 uM and 5 uM),
while in the case of activation by 10 uM TRAP
these differences were found only for PAC-1 binding
parameters but not aggregation and CD62P binding.

In many cases the correlations between LTA and
flow cytometry parameters for all agonists in all groups
were weak (correlation coefficient (r) <0.3) and even
statistically insignificant (p>0.05) (Tables 2 and 3).
In the HV group, low and mostly nonsignificant
correlations were found for platelet activation
by 10 uM TRAP and 20 puM ADP, presumably
due to their saturating effect on all platelet activation
parameters except CD62P binding for ADP 20 pM.
More pronounced correlations were often observed
at low concentrations of ADP (5 uM and 2.5 uM),
and the highest ones with platelet activation with
1 uM TRAP (r >0.4 and >0.5 for some correlations)
(Table 2, examples of histograms for high and low
correlations in HV, see Supplementary Materials,
Fig. S1). In patients, antiplatelet therapy significantly
reduced platelet activity, and in this situation,
significant correlations between LTA and flow
cytometry parameters were also registered when
platelets were activated by 10 uM TRAP. High
correlations were observed for platelet activation
by 20 uM and 5 uM ADP (r >0.5 and >0.6 for some
correlations). However, such correlations were more
often detected in SA patients than in ACS patients,
possibly due to greatly reduced aggregation/activation
parameters in ACS patients treated with ticagrelor
instead of clopidogrel, a more powerful blocker
of P2Y12 ADP receptors (Table 3, examples
of histograms for high and low correlations in patients —
see Supplementary Materials, Fig. S2).

Stronger correlations were obtained for the two flow
cytometry tests (Tables 2 and 3; examples of histograms
for high and low correlations are given in Supplementary
Materials, Fig. S3). In the HV group, correlations
between PAC-1 and CD62P binding parameters
(MFI and the percentage of positive platelets)

were significant in the vast majority of cases
for all TRAP and ADP concentrations. The highest
correlation coefficients (r up to 0.8) were found
for 1 uM TRAP. In SA patients, all correlations
between PAC-1 and CD62P binding parameters
were quite strong (r >0.5 for most relationships),
but in ACS patients these same correlations were
predominantly low and nonsignificant. At least with
platelet activation by ADP, this could be explained
by lower platelet activation responses due to more
potent antiplatelet therapy (ticagrelor instead
of clopidogrel).

TRAP (10 uM) is the most potent agonist used
in our study. In the group of HV, various parameters
of platelet activation were reduced to varying
degrees by platelet activation by ADP as compared
with 10 uM TRAP (defined as 100%) (Table 1, Fig. 1).
For 1 uM TRAP, the reduction was almost the same
for all LTA and flow cytometry parameters,
about 50-60% (Table 1, Fig. 1). However, in the case
of platelet activation by all concentrations of ADP,
this difference was minimal for PAC-1 binding
parameters (<10%), and for 20 uM ADP,
PAC-1 and MFI were even significantly higher
than for 10 uM TRAP. In contrast to PAC-1 binding,
CD62P binding parameters were significantly
lower with ADP as compared to 10 uM TRAP
(40-60% reduction), and for LTA parameters
these  differences  were  highly  dependent
on ADP concentration (from 5-20% reduction
to approximately 50% for 20 uM and 2.5 uM ADP,
respectively) (Table 1, Fig. 1).

Antiplatelet therapy in SA and ACS patients leads
to a statistically significant decrease in all parameters
of platelet activation (Table 1, Fig. 2). However,
this reduction was highly variable and depended
not only on the strength of the agonist (expectedly
less pronounced for 10 uM TRAP as compared
with 20 uM and 5 uM ADP), but also on the particular
parameter considered. In the case of platelet
activation by 10 uM TRAP, antiplatelet drugs
significantly reduced PAC-1, MFI (by 40-50%),
while other parameters were reduced less effectively:
<20% for LTA parameters, from 35% to 20% for PAC-1,
the percentage and CD62P MFI, and <10% for CD62P,
the percentage (Table 1, Fig. 2). In the case of platelet
activation by ADP, the maximum decrease
was observed for the T,,, aggregation parameter:
a decrease from 60% to 85% for 20 uM ADP
in SA patients (ASA + clopidogrel) and for 5 uM ADP
in ACS patients (ASA + ticagrelor), respectively
(Table 1, Fig. 2). Other parameters, including
aggregation V.. and all activity parameters measured
by flow cytometry, were less sensitive to the therapy:
reductions from 20% to 50% and from 40% to 60%
in SA and ACS patients, respectively. The smallest
decrease was observed for CD62P and MFI
in patients with SA: only about 20% for both
ADP concentrations used (Table 1, Fig. 2).
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Table 1. Platelet activation parameters in LTA (T Vmao) and flow cytometry (PAC-1, MFI, PAC-1, %, and
CD62P, MFI, CD62P, %) tests in healthy volunteers (HV), SA patients (treated with ASA + clopidogrel), and

ACS patients (treated with ASA + ticagrelor)

SA ACS
. HV ASA + clopidogrel ASA + ticagrelor
Agonist Parameter (n - 83-92) (n - 38-42) (n — 70-73)
p(HV)<0,001 p(HV)<0,001
Aggregation
5411
T %T 65+10 55+10 _
10 uM TRAP ;77(75;?; 0467
Vmax, %T/min 87+20 75+£17 p(SA)=0 576
N TRAD o 70T 32429 — —
s Viaxs %T/min 42431 — _
14+8
Tonaxs %T 62+11 26+12
20 uM ADP i(sil?;<0.001
Vimax, %T/min 70+14 47£14 P(SA)<0.001
8+6
T %T 51%16 15+9
SA)<0.001
5 uM ADP 4 ’272. ili
Vinax %o T/min 5715 35+12 P(SA)<0,001
2.5 uM ADP Tmaxe %01 3423 — —
o Vinax %0 T/min 39+16 — —
Flow cytometry, PAC-1 binding
PAC-1, MFI, a.u. 3258986 19844685 S Ar0.001
10 uM TRAP ggﬂz :
PAC-1, % 8947 6716 P(SAY=0.001
PAC-1, MFI, a.u. 1788+882 — —
1 uM TRAP
PAC-1, % 43426 — —
PAC-1, MFI, a.u. 35781064 2144+723 ! (Ssgj)f%m
20 uM ADP e
PAC-1, % 90+5 6320 P(SA)<0.001
PAC-1, MFI, a.u. 32424961 1903+637 ;?gf;‘g 1001
> WM ADP 38512
PAC-1, % 8647 57420 H(SAY<0,001
PAC-1, MFI, a.u. 29174957 — —
2.5 uM ADP
PAC-1, % 8249 — —
Flow cytometry, CD62P binding
CD62P MFI, a.u. 1680+407 13484341 1(2§‘ ijig 109 s
10 uM TRAP ’gg T
CD62P, % 944 88+9 P(SA)=0.903
CD62P MFI, a.u. 5554262 — —
1 uM TRAP
CD62P, % 37422 — —
CD62P MFI, a.u. 7454228 566+188 4(256328 001
20 uM ADP 1272i10 '
CD62P, % 59413 34+16 P(SA)<0.001
CD62P MFI, a.u. 6544197 5234160 ;?Slgzo 001
> WM ADP 19510
CD62P, % 53+14 3015 2(SA)<0.001
CD62P MFI, a.u.. 595175 — —
2.5 uM ADP
CD62P, % 47+14 — —

Data represent means £+ SD; a.u. — arbitrary units; here and in other tables PAC-1, % and CD62P, % designate
the percentage of PAC-1 and CD62P-positive platelets; n — the number of HV or patients; p(HV) <0.001 for the group
of SA patients and p(HV) <0.001 for the group of ACS patients — significance of differences for all tested parameters
from the group of HV; p(SA) — significance of differences for indicated parameters in the group of ACS in comparison
with the group of SA patients (the ¢-test for means).
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Table 2. Correlations of platelet activation parameters in LTA (Tmax, Vmax) and flow cytometry (PAC-1, MFI, PAC-1, %,

and CD62, MFI, CD62, %) tests in the HV group

10 pM TRAP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Trnax 0.176 0.062 0.134 0.010
Vmax 0.148 0.183 0.137 0.158
PAC-1, MFI — — 0.497%%% 0.312%*
PAC-1, % — — 0.219 0.268*
1 uM TRAP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tonax 0.256* 0.527%** 0.446%** 0.449%**
V max 0.247* 0.534%%* 0.452%%% 0.481%%*
PAC-1, MFI — — 0.593%** 0.538%**
PAC-1, % — — 0.794%%* 0.807*%*
20 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tomax 0.275%* 0.287** 0.167 0.126
Voo 0.229% 0.140 0.130 0.074
PAC-1, MFI — — 0.319%* 0.422%%*
PAC-1, % — — 0.173 0.190
5 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tomax 0.320%* 0.245% 0.265* 0.323%*
V max 0.392%%* 0.249* 0.233* 0.202
PAC-1, MFI — — 0.343%* 0.409%%*
PAC-1, % — — 0.250* 0.174
2.5 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tonax 0.274* 0.249* 0.349%* 0.443%%*
V max 0.249% 0.232% 0.262* 0213
PAC-1, MFI — — 0.347%* 0.392%%*
PAC-1, % — — 0.276* 0.179

Coefficients of correlation (r) are presented; *p<0.05, **p<0.01, ***p<0.001 — significance of correlation; n — 83-92.

DISCUSSION

To assess the functional state of platelets in healthy
individuals, patients with hemostasis disorders, and
patients treated with antiplatelet drugs, LTA and flow
cytometry tests are routinely used. In our study,
we have compared the parameters obtained using
both tests for analysis of the platelet activity in HV
and in SA and ACS patients on dual antiplatelet
therapy (ASA + clopidogrel and ASA + ticagrelor,
respectively). The results of this study were quite
unexpected. The correlations between parameters
characterizing platelet aggregation (T, ,, and V,,,,) and
the expression of activated GP IIb-Illa and P-selectin
(MFI and the percentage of positive platelets
for binding antibodies PAC-1 and CD62P, respectively)
were not always high, but on the contrary, quite
often low and even statistically insignificant.
This is true even for the binding parameters of PAC-1,
although the conformational changes of GP Ilb-Illa

recorded by this antibody and the subsequent binding
of fibrinogen by the activated receptor directly
mediate platelet aggregation. In some cases,
low correlations could be explained by: 1) saturation
of aggregation/activation responses in the case
of the use of potent agonists (for example, 10 uM TRAP
for all parameters and 20 uM ADP for aggregation
and PAC-1 binding parameters in the HV group),
or 2) vice versa, very low responses when platelet
activity was strongly suppressed by antiplatelet drugs
(for example, when platelets were activated
by 5 uM ADP in ACS patients treated with ASA
and a powerful ADP receptor inhibitor, ticagrelor).
From a more general point of view, the reported
discrepancies between aggregation and flow cytometry
could be explained by the different conditions used in
these tests. Aggregation was carried out in undiluted,
continuously stirred PRP at 37°C, while all flow
cytometer activity the measurements were carried out
in unstirred and highly diluted whole blood (partly
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Table 3. Correlations of platelet activation parameters in LTA (T ,.x, Vinax) and flow cytometry (PAC-1, MFI, PAC-1, %,
and CD62, MFI, CD62, %) tests in SA patients (treated with ASA + clopidogrel), and ACS patients (treated

with ASA + ticagrelor)
SA (ASA + clopidogrel)
10 uM TRAP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tinax 0.452%* 0.578*** 0.285 0.417%*
Vmax 0.482%* 0.204 0.297 0217
PAC-1, MFI — — 0.635%** 0.410%*
PAC-1, % — — 0.358* 0.540%**
20 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tonax 0.562%** 0.651%** 0.496%** 0.680%***
Vinax 0.422%* 0.489** 0.269 0.407**
PAC-1, MFI — — 0.425%* 0.551%**
PAC-1, % — — 0.556%*%%* 0.677%**
5 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Thax 0.524%** 0.593*** 0.426** 0.607***
V max 0.456** 0.596%** 0.288 0.560%**
PAC-1, MFI — — 0.366* 0.502%*
PAC-1, % — — 0.579%** 0.655%**
ACS (ASA + ticagrelor)
10 uM TRAP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tnax 0.364%* 0.149 -0.001 -0.056
Vinax 0.327** -0.090 0.024 -0.056
PAC-1, MFI — — 0.417*%* 0.236
PAC-1, % — — 0.234 0.230
20 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Thax 0.507*** 0.402%** 0.294* 0.301*
Vmax 0.484%** 0.301* 0.160 0.132
PAC-1, MFI — — 0.233 0.231
PAC-1, % — — 0.417*** 0.255*
5 uM ADP
PAC-1, MFI PAC-1, % CD62P, MFI CD62P, %
Tinax 0.315%* 0.324** 0.322%* 0.376**
Vo 0.239 0.263* 0.222 0.305*
PAC-1, MFI — — 0.171 0.186
PAC-1, % — — 0.308** 0.164

Coefficients of correlation (r) are presented; *p<0.05, **p<0.01, ***p<0.001 — significance of correlation;
n — 38-41 for the group of SA patients and n — 78-82 for the group of ACS patients.

to prevent aggregation) and at room temperature.
This assumption is supported by the fact that
Frojmovic et al. [9] found a strong correlation between
the parameters of aggregation and PAC-1 binding
when both tests were performed in diluted PRP
and under the same conditions (in this study,
aggregation was recorded not by changes in light
transmission, but by a decrease in the number
of single (non-aggregated) platelets in the suspension).
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The most frequently high correlations between platelet
aggregation and activation parameters measured
by flow cytometry were found for intermediate
(non-saturating and not very low) aggregation/activation
responses, for example in the HV group, when
platelets were activated by 1 uM TRAP, and
in SA patients (treated with ASA + clopidogrel),
with platelet activation by all agonists used
(for 10 uM TRAP only for PAC-1 parameters).
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Figure 1. Comparison of the LTA (T ;,x, Vinax) and flow cytometry (PAC-1, MFI, PAC-1, % and CD62P, MFI, CD62P, %)
parameters of platelets activated by 10 uM TRAP (defined as 100%) and other agonists (I pM TRAP,
and 20 uM, 5 pM, 2.5 uM ADP) in the HV group. Data represent M + SD. The decrease in all parameters
from 10 uM TRAP was significant (p<0.001), except ADP 20 puM, MFI (a significant increase, p<0.001),
20 uM ADP, the percentage of PAC-1, (insignificant difference, p=0.102), and ADP 5 uM, PAC-1, MFI (insignificant
difference, p=0.150) (paired #-test). Absolute values are given in Table 1.

Our results in patients with SA were comparable
to those obtained by Gremmel et al. [10], who found
almost the same correlations (r =0.5-0.6) between
the level of platelet aggregation and the levels
of exposure of activated GP IIb-Illa and P-selectin
during platelet activation by ADP in SA patients
after percutaneous intervention, receiving the same
antiplatelet therapy (ASA + clopidogrel).

Levels of exposure of activated GP IIb-Illa
(evaluated by PAC-1 antibody binding) and
a-granule specific protein, P-selectin (evaluated

by CD62P antibody binding) registered by flow
cytometry showed better correlation with each other
than with aggregation parameters. Obviously,
this is due to the fact that, unlike aggregation,
these measurements are performed under identical
conditions, although they record fundamentally
different platelet reactions: activation of the fibrinogen
receptor (GP IIb-IIla) and exocytosis of a-granules.
As in the case of aggregation, the highest correlations
were gestered for 1 uM TRAP in the HV group and
for all agonists in SA patients (ASA + clopidogrel).
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V) and flow cytometry (PAC-1, MFI, the percentage of PAC-1, and

CD62P, MFI, the percentage of CD62P) platelet activation parameters in SA (treated with ASA + clopidogrel) and
ACS (treated with ASA + ticagrelor) patients in comparison with HV (defined as 100%). Data represent means + SD.
All differences form HV were statistically significant (p<0.001, #-test for means). Absolute values are given in Table 1.

In the HV group, platelet activation was
registered when 10 uM and 1 pM TRAP and
20 uM, 5 puM, and 2.5 uM ADP were used.
TRAP (10 uM) was the most powerful agonist and
the highest rates of platelet aggregation and exposure
of activation markers were expected recorded
with its use. Reducing the TRAP concentration to 1 uM
led to approximately the same decrease (50-60%)
in all parameters; however, when platelets were
activated by ADP (all concentrations), these
changes widely varied. The aggregation parameters
for 20 uM ADP were close to those for 10 uM TRAP and
gradually decreased in the case of 5 uM and 2.5 uM ADP.
At the same time, for all ADP concentrations,
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PAC-1 binding rates were almost identical, and
CD62P binding rates were significantly lower
as compared to 10 pM TRAP. These data indicate
that comparisons of platelet activation stimulated
by different agonists may yield widely varying results
depending on the test used.

We have also found that sensitivity to dual
antiplatelet therapy (ASA + clopidogrel in SA patients
and ASA + ticagrelor in ACS patients) varied greatly
when different methods of measuring platelet function
were used. The degree ofinhibition of platelet activation
in patients as compared with HV, when using the same
agonist, could vary several times for different parameters.
For example, in the groups of SA and ACS patients
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platelet activation by 10 uM TRAP was accompanied
by the 40-50% decrease in PAC-1 and MFI while
the percentage of CD62P positive cells by less than 10%.
When platelets were activated by 5 uM ADP,
the T, value of the aggregation test decreased
by 70-85%, while CD62P and MFI only by 20-40%.
Significant differences in inhibition levels were also
found between PAC-1, MFI and aggregation parameters,
when platelets were activated by 10 uM TRAP, and
between the T,,, parameter and all other parameters
when platelets were activated by both doses of ADP.

CONCLUSIONS

The results obtained in this study indicate
the possibility of a discrepancy between platelet
aggregation and activation marker exposure
(flow cytometry) during evaluation of platelet activity
and the effectiveness of antiplatelet drugs.
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OIEHKA ®YHKIIMOHAJBHOM AKTUBHOCTH TPOMBOIIATOB Y 3I0POBBIX JIMI]
U IMMAIOUEHTOB, HOJIYYAIOIINX AHTUTPOMBOLMUTAPHYIO TEPAITHIO.
BO3MOKXHBIE HECOOTBETCTBHS TECTOB AT'PETAIIMU Y TIPOTOYHOM IIUTOMETPUM

B.B. Booposa*, O.H. Illycmosa, H.B. I'onybesa, A.K. Anuesa, B.B. Bnoozanoeckuii, /I.B. Iles3nep, A.B. Ma3sypos

HanunonanbHblii MEIULIMHCKUANA MCCIIEOBATENIbCKUN LIGHTP KapIUoJIOruu nMeHu akageMuka E.J. Yazosa,
121552, Mockga, ya. Akagemuka Yazosa, 15a; ai1. mouta: malysheva-valeri@mail.ru

OyHKIMOHANBHYIO aKTUBHOCTh TPOMOOIIMTOB OLIEHUBAIN Y 30POBBIX A00poBonbleB (3/], n=92), nannentos
co crabunbHOi creHokapauel (CC, n=42) u octpeiM kopoHapHbIM cuHIpoMoM (OKC, n=73), momydarommx
anetmwicamuuioByro kucioty (ACK) + xronmmorpen u ACK + THkarpenop cooTBeTcTBeHHO. Y Bcex 3/] 1 manueHToB
CPaBHMBAJIM MOKA3aTeNIN arperanuy TPOMOOLIUTOB (MaKCHMAaIIbHbIE CBETONPOIYCKAHUE M CKOPOCTh, Ty B Via) H
MOKAa3aTeNu, XapakTepH3yIolie 3KCIOHMPOBaHWE MapKepOB aKTHUBALMU TPOMOOIMTOB, ONpECsieMble C ITIOMOIIbIO
npoTo4HO# nuTomerpuu. B rpynme 3J1 TpomOouuThl akTuBHpoBaiiu, ucroibdys TRAP (thrombin receptor
activating peptide, nenTuj akTuBHpyrommi peuenrop Tpomouna) 10 MM u 1 MkM n ADP 20 MxM, 5 MkM u 2,5 MxM;
a B rpynmnax nanueHtoB TRAP 10 MmkM u ADP 20 MmxM u 5 MxM. JlocTOBEpHbIE U CUJIbHBIE B3aUMOCBSI3U MEXAY
MOKA3aTEeIIMI arperanid W MPOTOYHOW mutoMeTpud (kodddumment koppemsmuu, r ot 0,4 mo >0,6) game Bcero
BeuIBISU y 3/1 mpu aktuBanmy TpoMmbOormToB TRAP 1 MkM u mammentoB co CC mpu akTHBAIMH TPOMOOIMTOB
ADP 20 MxM u 5 MkM. B 10 5xe BpeMsi BO MHOTHX IPYTHX CIIydasX 3TH B3aMMOCBSA3H ObLTH AOCTaToqHO ciadbmvu (1<0,3),
a HHOTJAa CTaTHUCTHUYECKH HENOCTOBepHBIMU. Y 3] pasnuuus Mexay moKazaTelsiMu cBs3biBaHus PAC-1
npu aktuBanuu TpomOormToB 10 MkM TRAP m Bcemu konnentpamusmMu ADP Obin HesHauntenbHbIMH (<10%),
x0T Tokazatenu cBs3biBaHus CDO62P (s Bcex xonueHtpanmii ADP) u arperomerpun (5 MM u 2,5 MmxM ADP)
Obu cymecTBeHHO CcHWXEHBl (Ha 40-60%). Y mnanmeHTOB aHTUTPOMOOLMTApHAs Tepamus JOCTOBEPHO
CHI)KaJla BCE TIOKa3aTelM aKTHBAIMM TPOMOOIIMTOB B CpaBHEHMM cO 3/], HO B CYIIECTBEHHO DPa3HOW CTEIEHHU.
Hust 10 MmkM TRAP nokasarens cBsizbiBanus PAC-1 MFI (camxenue Ha 40-50%), a st ADP B 00erx KOHIGHTpALHSX
nokaszarenb arperauuu T, (cHiwkeHue Ha 60-85%) okasanuch HaumbOoyiee UYyBCTBUTEIBHBIMH K JIE€HCTBHIO
AHTUTPOMOOLINTAPHBIX ITPENaparoB, MO CPABHEHHIO C IPYTUMH MTOKA3aTesIMU, CHIKABIINMUCS B MECHBILICH CTEIECHU.
[TomyueHHbIe NaHHBIE YKA3bIBAIOT HA BO3MOXXHOCTH HECOOTBETCTBHUS MEX/Iy TIOKa3aTeNsIMH arperaiy TpoMOOIINTOB 1
SKCIOHHWPOBAaHUSI MapKepOB AaKTHBAaLWHU (IIPOTOYHAS IIMUTOMETPHs) HpPHU OLEHKE AKTHBHOCTH TPOMOOIUTOB H
3¢ PEKTUBHOCTH aHTUTPOMOOIITAPHBIX MPETIapaToB.

Tonuwiti mexcm cmamuvu Ha PyCCKOM A3bIKe 0OCmyneH Ha caume xcypuana (http://pbmc.ibmc.msk.ru).

KarueBble cioBa: TPOMOOIUTHI; arperamus TPOMOOIIMTOB; IMPOTOYHAs OHUTOMETpHs; riukomporewH IIb-Illa;
P-cenexTun; aHTHArperaHTHBIEC MPENapaThI
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