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OF FUNCTIONAL AND PROCOAGULANT ACTIVITY OF PLATELET
CONCENTRATES
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Introduction. Platelet activation and vesiculation processes negatively affect the functional state of platelets and can accelerate cell apoptosis
in platelet concentrates (PCs). Platelet-derived microparticles (PMPs) are biologically active vesicles formed as a result of platelet activation or
apoptosis. PMPs can be considered as a marker for predicting the functional properties of PCs.

Objective. Assessment of the role of PMPs to the formation of functional and procoagulant activity of PCs.

Materials and methods. The study included 20 regular platelet donors. The PMP level in peripheral blood and PCs was determined by
flow cytometry. Aggregation activity in PCs was assessed using adenosine diphosphate (ADP), collagen, and ristocetin as inducers. During
thromboelastography, the following parameters were analyzed: clot formation time (R), maximum amplitude, and clot elasticity index. Statisti-
cal analysis was performed using the Mann-Whitney U-test, Wilcoxon test, and Pearson correlation.

Results. The PMP level in donor blood was not significantly associated with sex, age, or donor tenure. During storage, the PMP level in PCs
increased 3.5-fold (p < 0.0001). Platelet aggregation activity decreased by day 5, especially in the presence of ADP and collagen. Thrombo-
elastography parameters also decreased, which may indicate a reduction in hemostatic potential. An inverse correlation was found between
PMP levels and the increase in clot formation time (r = —0.490; p = 0.028).

Conclusions. PMPs can serve as a marker of platelet activation and the PCs quality. No statistically significant correlations were found be-
tween individual donor characteristics and PMP levels, suggesting that technological factors of blood component collection and processing
have a dominant influence on the microparticle formation process. The patterns of PMP level in peripheral blood are of substantial scientific
interest in the context of developing new quality control parameters for platelet-containing components.
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BKNIAZ TPOMBOLUTAPHbIX MUKPOYACTUL, B ®OPMUPOBAHUE ®YHKLIMOHAJIbHON
N MPOKOATYNAHTHOW AKTUBHOCTW KOHLIEHTPATOB TPOMBOLINTOB

[.B. NactoukmHa™, I.B. MpuwmHa, W.C. TonosaHoBa, A.[. KackaHos, O.A. CmupHoBa, O.F0. MaTtsuerko, A.A. Kpyrnos,
J1.P. Tapkosckas, E.B. Kum, C.B. Cugopkesun4

Poccuinckuin Hay4HO-1CCcneqoBaTeNbCKMii UHCTUTYT reMaTosiornn 1 TpaHcdyanonorn GefepanbHoro Meamko-01MonorM4eckoro areHTcTaa,
CaHkT-lNeTepbypr, Poccus

BeepeHune. AKTnBaLms TPOMOOLMTOB 1 MPOLECChI BE3VKYALIN HEFaTUBHO BAMSKOT Ha (DYHKLMOHAIbHOE COCTOSIHNE TPOMOOLMTOB 1 CMO-
COBHbI YCKOPSATb MPOLIECChI anonTosda KNeTOK B KOHLIeHTpaTe TpoMOoLUUTOB. TpoMbouuTapHble MUKpovacTuLbl (TMY) — Bronorudeckm
aKTVBHblE BE3VKY/bl, 06pasytoLLmecs B pe3ynsraTe akTuBauum iy anontoda TpomMeoumToB. TMY MoryT 6bITb pacCMOTPeHbl B ka4ecTse
Mapkepa 415 NporHo3npoBaHus PyHKLIMOHABHBIX CBOMCTB KOHLIEHTPATOB TPOMOOLIMTOB.

Llenb. OueHka BKnaga TpoMOOLUMUTaAPHBbIX MUKPOYacTUL, B (OpMUPOBaHNe yHKLIMOHANBHOM 1 NPOoKoarysHTHON akTUBHOCTM KOHLEHTPa-
TOB TPOMBOLIMTOB.

Martepuansl n metoppl. B nccnegosaHne BkoYeHbl 20 KagpOBbIX AOHOPOB TPOMOOUMTOB. YpoBeHb TMY B mepudepr4eckon Kposu
1 KOHLeHTpaTax TPoOMBOLMTOB ONpeaensiniv METOAOM NPOTOYHON LMTOMETPUM. ArperaLiMoHHYHO akTUBHOCTb B KOHLEHTpaTax TpPOMOOLMTOB
OLeHMBanu C MCMofb30BaHMEM VHAYKTOPOB afeHo3nHandocdaTa, KoinareHa 1 puctoMmupmHa. MNpu nposeaeHun TpomboanacTorpadmn
aHanManpoBanu: Bpems obpasoBaHns cryctka (R), MakcrManbHy aMianTydy, nokadatefb ynpyrocTy cryctka. CTaTmcTnyieckyto o6paboT-
Ky pesyfbratoB NPOBOAWAN C UCMONb30BaHNEM KpuTepreB MarHa — YUTHU, BUnkokcoHa, koppensaumm MNupcoHa.
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Pesynbratbl. Cofep>xanrie TPOMOOUMTAPHBIX MUKPOYaCTUL, B KPOBM OHOPOB HE MMENO 3HaYMMON CBSI31 C MOJIOM, BO3PACTOM U [JOHOP-
CKINM cTaxkeM. B npouecce xpaHeHus kKoHUeHTpaums TMY B kKoHLeHTpaTax TpoMBoLMTOB yBenn4ymnBanack B 3,5 paga (p < 0,0001). Arpe-
rauyoHHas akTUBHOCTb TPOMOOLIMTOB YMeHbLLANach K NATbIM CyTKaM, OCOBEHHO B MPUCYTCTBMM afeHo3uHandoctata 1 konnareHa. Mo-
KazaTenu TPoMO031acTorpamMmMbl TAKXKE CHUXKANMCh, YTO MOXET YKa3blBaTb HA YMEHbLLEHNE reMocTaTu4eckoro noteHuvana. ObHapy>keHa
obpatHasi cBsidb Mexay ypoBHem TMY 1 HapacTaHrem BpeMeHn obpasoBaHus crycTka (r = —0,490; p = 0,028).

BeiBogbl. TpomboLMTapHbIE MUKPOYACTULbI MOTYT CIY>KUTb MapKEPOM akTMBaLMn TPOMOOLIMTOB 1 KaveCTBa KOHLEHTPATOB TPOMOOLIM-
TOB. CTATUCTUYECKN 3HAYMMbIX KOPPENSLMA MEX Y NHOMBMAYANbHBIMY XapakTepUCTKamMn OOHOPOB 1 ypoBHeM TMY He 3aduvkcurposa-
HO, YTO MO3BONSET NMPEAMNONOXKNTL AOMUHUPYIOLLEE BINSHIE TEXHONOMMYECKNX (hakTOPOB 3aroTOBKM 1 06pabOoTKM KOMMOHEHTOB KPOBW
Ha npoLiecc hPoPMMPOBaHMS MUKPOYaCTUL,. 3aKOHOMEPHOCTU cofepkanHnsa TMY B nepudepnieckon KpoBu NpeacTaBstoT CyLLECTBEHHbIN
Hay4HbI IHTEPEC B KOHTEKCTE padpaboTK HOBbIX MapaMeTPOB KOHTPOJS Ka4ecTBa TPOMOOLIMTCOAEPKALLIX KOMIOHEHTOB.

KntoueBble cnoBa: TPOMOOUMTAPHbIE MUKPOYACTULbl; KOHLEHTPAT TPOMOOUMTOB; arperauusi; TpaHcdysus; npoTodHas LUMTOMETPUS;
aKTVBaLMs TPOMBOUMTOB
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INTRODUCTION

Platelet-derived microparticles (PMPs) are vesicles
ranging in size 100-1000 nm that are formed as a re-
sult of platelet activation or apoptosis [1]. PMPs contain
various biologically active molecules, including mem-
brane receptors, cytokines, and signaling proteins, and
play an important role in hemostasis, inflammation, an-
giogenesis, and other physiological processes [2].

In recent years, increasing attention has been
paid to PMPs as markers of platelet activation, par-
ticularly in the context of the collection, storage, and
use of platelet concentrates (PCs) [3, 4]. Possessing
pro-aggregant activity, they are able to enhance hemo-
static properties through the exposure of phosphati-
dylserine, and are involved in modulating the immune
response and inflammatory reactions [5]. When using
PCs in transfusion therapy, the possibility of an in-
creased risk of post-transfusion reactions in recipients
with high PMP level should be taken into account [6-9].
Conversely, the transfusion of non-activated platelets
with low PMP level in hematological and oncological
patients may reduce the risk of developing refractori-
ness [10, 11].

Due to the constantly growing demand and the im-
provement of blood component collection technolo-
gies, special attention is being paid to new methods for
assessing the quality and safety of blood components
[12, 13]. The functional and procoagulant properties of
PCs can be assessed by the PMP level in the PCs, and

their concentration in the donor’s peripheral blood may
reflect baseline platelet activation [14, 15]. The baseline
platelet activation status of the donor directly affects
the formation of the platelet microparticle pool in the
final component. Determining this status prior to dona-
tion may be key to ensuring the quality and safety of
transfusion therapy [16].

The study purpose was to assess the PMPs role to
the formation of functional and procoagulant activity of
PCs.

MATERIALS AND METHODS

The study included 20 regular platelet donors, of whom
12 were male and 8 were female. The inclusion criteria
for donors in the study were: age 18 years or older;
weight at least 50 kg; hemoglobin level at least 130 g/L
for men, at least 120 g/L for women; platelet count at
least 200 x 10%/uL; informed consent of the donor to
participate in the study; for women — platelet dona-
tion not earlier than 10 days after the end of menstrua-
tion; absence of contraindications for blood donation'.
Information on the age structure and donor tenure is
presented in Table.

Before donation, venous blood from the donor
was collected into S-Monovette 4.3 mL vacuum tubes
containing 3.2% sodium citrate (Sarstedt AG & Co.,
Germany). Platelet collection from donors was per-
formed using automatic apheresis with cell separa-
tors. After completion of the apheresis procedure, a

" Order of the Ministry of Health of the Russian Federation dated 28.10.2020 No. 1166n “On approval of the procedure for medical examination of donors and the
list of medical contraindications (temporary and permanent) for blood and/or its components donation and the deferral period applicable to an individual in the
presence of temporary medical indications from blood and/or its components donation”.
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Table. Age structure and donor tenure of donors (M, (min—-max))

Males Females
Age, years 35 (25-54) 42 (29-48)
Donor tenure, number of donations 14 (2-32) 17 (0-44)

The table was compiled by the authors based on their own data

Note. M, — median; min — minimum value; max — maximum value.

sample of at least 5 mL was taken from the PC con-
tainer for laboratory testing. The samples were stored
at 22 + 2 °C under constant agitation (Vuce-Vortex
shaker, Labotek, Latvia). Laboratory parameters in the
components were assessed on the day of collection
and on the fifth day of storage. A comparison of pe-
ripheral blood parameters, including platelet count, at
different storage time points was performed to assess
the overall dynamics of changes.

The platelet count in the obtained donor blood
samples and platelet count was determined using a
SMART 5 hematology analyzer (URIT Medical Electronic
Group Co., China). The PMP level was determined in a
suspension obtained by stepwise centrifugation using
a Microspin 12 high-speed mini-centrifuge (SIA Biosan,
Latvia). In the first step, the biomaterial samples were
centrifuged at 2500g for 30 min, then a 200 pyL sam-
ple was taken and further centrifuged at 14,000g for
30 min. The resulting pellet was resuspended in annex-
in binding buffer (Annexin V, Elabscience, China). After
obtaining the sample, staining was performed with an-
nexin V antibodies and anti-Hu CD41APC monoclonal
antibodies (Exbio Diagnostics, Czech Republic) against
platelet surface markers [17]. The samples were then
incubated for 20 min at room temperature in the dark,
after which they were diluted with phosphate-buffered
saline (1:300, Rosmedbio LLC). Flow cytometry was
used for detection with a CytoFLEX cytofluorimeter
(Beckman Coulter, USA). Analysis was performed ac-
cording to a protocol previously described by us [18],
according to which 108 events were collected per sam-
ple, and the PMP level was determined as the absolute
number of PMPs per 106 events.

Platelet aggregation activity was assessed using the
Born method on an AT-2 4-channel platelet aggregation
analyzer (MedTech, Russia) [19]. CRONO-PAR reagents
were used as aggregation inducers: ADP at a final con-
centration of 5 uM, collagen at a final concentration
of 2 pg/mL, and ristocetin at a final concentration of
1.2 mg/mL (CRONO-LOG, USA). Since the optical ag-
gregometry method is validated for platelet-rich plasma
samples, the results were interpreted as relative pa-
rameters of the dynamics of platelet functional activity.
Thromboelastogram parameters were also determined:
R (clot formation time), MA (maximum amplitude), and
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G (clot elasticity index) using a TEG® 5000 thrombo-
elastograph (Haemoscope Corporation, USA).

Statistical processing of the results was performed
in the Google Colab environment using the Python lan-
guage with open-source libraries: Pandas (for data ma-
nipulation), NumPy (for vector operations), and SciPy
(for scientific calculations). Quantitative data are pre-
sented as median (M), first and third quartiles [Q,; Q_].
The Mann-Whitney U-test was used to assess dif-
ferences between two independent groups, and the
Wilcoxon test was used to compare quantitative pa-
rameters in two dependent groups. Pearson correlation
analysis was performed to study relationships between
features. Differences were considered statistically sig-
nificant at a significance level of p < 0.05.

RESULTS

The platelet count in the study group was
238 [207; 274] x 10%/uL, and the median PMP level in
peripheral blood was 2244 [1580; 3998] per 106 events
(Fig. 1). It was found that sex did not significantly affect
the level of platelets or platelet-derived microparticles,
although their levels in men were higher (249 x 10%/uL
and 2663 per 10° events, respectively, p > 0.05) than in
women (211 x 10%/uL and 1612 per 10 events, respec-
tively, p > 0.05). The analysis revealed no significant
association between the PMP level in donor blood and
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100 200 300 400
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Figure prepared by the authors based on their own data

Fig. 1. Platelet and microparticle level in donor blood
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individual characteristics such as age or donor tenure
(p > 0.05).

During storage of the samples for 5 days,
the PMP level in the PC increased 3.5-fold: from
8151 [6404; 14,419] to 44,163 [25,605; 59,976] per 10°
events (p < 0.0001), with an average increase of 33,863
per 10° events (Fig. 2A). Such a substantial increase
may indicate intense activation and degradation of
platelets under storage conditions, which must be tak-
en into account when assessing the functional state of
blood component cells. It should be noted that no cor-
relation was found between the PMP content in venous
blood samples and either the number of microparticles
in the PCs throughout the storage period or their in-
crease by the end of the shelf life (p > 0.05).

On the day of platelet concentrate collection, suffi-
cient aggregation levels were recorded in the presence
of all three inducers (ADP, collagen, ristocetin), indicat-
ing preserved platelet function (Fig. 2B). By the fifth
day of storage, a significant decrease in aggregation
parameters was observed, especially in the presence
of the aggregation inducers (p < 0.001): aggregation
in the ADP presence decreased from 15.4 [4.7; 47.0] to
1.2 [0.6; 1.8]%, and in the presence of collagen — from
55.2 [47.2; 62.5] to 1.1 [0.8; 1.8]%. A smaller decrease
in aggregation activity was observed in the presence of

B
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Figure prepared by the authors based on their own data

Fig. 2. Changes in platelet concentrate parameters
during storage. A — dynamics of platelet-derived micro-
particle count; B — platelet aggregation in the presence
of aggregation inducers.; C — dynamics of thromboelas-
tography parameters

ristocetin (from 73.8 [67.1; 81.3] to 63.2 [53.2; 70.4]%,
p < 0.001).

On the first day of PC storage, the thromboelas-
tography parameters (R, MA, G) corresponded to
levels indicating sufficient hemostatic potential of
the component (Fig. 2C). By the fifth day of storage,
statistically significant changes in these parameters
were recorded. R increased from 7.5 [6.6; 8.6] min to
10.5 [8.4; 15.5] min (p < 0.001); MA values decreased
from 75.2 [71.8; 81.4] mm to 70.0 [66.6; 80.8] mm
(p=0.008), and G decreased from 15.3[12.6; 22.3] dyn/s
to 11.6 [10.0; 21.1] dyn/s (p = 0.033). Thus, changes
were observed for all parameters; however, MA, which
to a greater extent reflects the platelet component of
hemostasis, despite a significant decrease, was char-
acterized by a less pronounced dynamic — a reduction
of 6.7% over 5 days of storage.

An inverse correlation was found between the
baseline PMP level in donor blood and the increase
in R (r = -0.490, p = 0.028), demonstrating an asso-
ciation between higher microparticle level and a less
pronounced increase in clot formation time during stor-
age. These data may indicate a link between a high-
er baseline PMP level and better preservation of the
hemostatic potential of the PC. Possible mechanisms
may include sufficient resistance of cells to apoptosis.
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DISCUSSION

Microparticles are a heterogeneous population of
membrane vesicles formed from cells of various ori-
gins during their life cycle, activation, and apoptosis
[20]. The PMPs proportion in the bloodstream reaches
up to 80%; microparticles of other origins (leukocytes,
erythrocytes, endothelial cells) constitute a smaller
fraction [21]. Such a substantial predominance, com-
bined with high biological activity, may determine the
potential contribution of PMPs to the overall proco-
agulant properties of blood components. The hemo-
static potential of PMPs is 50-100 times higher than
the procoagulant activity of platelets, and therefore
they play an important role in blood coagulation [22].
The present study clearly demonstrates the PMPs ac-
cumulation during the storage of blood components,
which is consistent with data from Russian publica-
tions [23, 24]. A significant increase in PMPs may indi-
cate the preservation of the hemostatic properties of
blood components [25, 26].

In the presence of all studied aggregation inducers
on the day of component collection, high values of ag-
gregometry parameters were recorded; however, by
the 5th day of observation, a significant decrease was
noted. The decrease in the degree of aggregation in the
ristocetin presence was statistically significant but was
less pronounced compared to the effects of ADP and
collagen, which is due to the specific mechanism of ac-
tion of this inducer. Unlike direct aggregation inducers
(ADP or collagen), ristocetin acts indirectly by enhanc-
ing the binding of von Willebrand factor to GPIb recep-
tors on platelets. Moreover, the results of the ristocetin
test are more resistant to degradation processes, since
GPIb receptors are preserved on platelets for a longer
period during sample storage [27]. The obtained data
are consistent with the expected dynamics of reduced
platelet viability during storage. It is important to note
that there are currently no unified reference values for
aggregation activity for platelet count, as standard
methods are validated for platelet-rich plasma or whole
blood. Therefore, the assessment of functional status
in the present study was performed in a comparative
manner (within-group dynamics) [28].

According to the thromboelastography results dur-
ing the PC storage, an overall decrease in the hemo-
static potential of the blood component was revealed,
which manifested as an increase in clot formation time
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