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CIIOHTAHHAA N UTHAYIIUPOBAHHASA ATPETAIIVA
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Ieab. VI3yunTh naMeHeHue moKasaTeseil cioHTanHoi arperaiuu Tpomborutos (Tp) y marmenTok ¢ akyiep-
CKUMHU OCJIOKHEHUSIME, aCCOI[MUPOBAHHBIME ¢ TEHETHYECKOI TpoMOOduImeil.

Marepuai u MeTopl. B3situe KpoBu y 52-X POKEHUIL IPOBO/IMIIK B [IEPBbIE CYTKU 110CJIE POJIOB IIPK COOJIIOIE-
HUW TIPaBUJI TIpeaHaJIUTHYECKOro aTana uccienoBanusa. OrnpezeeHne reHoTHa 1o moaumopdusmy PlAt/ PlA2
IIPOBOJIMIIN aMIIN(DUKAIMOHHO-PECTPUKIIMOHHBIM METO/IOM. V3yuenne reoMeTpuyecKux rnoxkasaresieil arperaTton
Tp mepudepuyeckoii kposu manuenToB posoaun mpu nomor C3M «UuTterpa [Ipumas. Crenens gocToBepHO-
CTH Pa3In4Mil U3ydyaeMbIX MTOKasaTeJieil orpeessyin mo Kputepuio ¢-CThlo/IeHTa, YPOBEHb 3HAUUMOCTH CUNTAIN
nocroBepHbiM 1ipu p<0,05.

Pesyubrarsl u 06cyskaenne. B pesysibraTe cTaTHCTHYECKOTO aHAIM3A TOTYYEHHbBIX IAHHBIX BBISIBILIM, YTO MO~
KazareJiu JUTHHBL arperatoB TP 310poBbIX GepeMEHHBIX KEHIIUH JOCTOBEPHO BBIIIE MOKa3aTeseil 310pOoBbIX Hebe-
PEMEHHbBIX Ha BCEX aTalax MpoBe/ileHus ucciegaoBanus. OTMevann yBeJndeHrne MMPUHbBI, BBICOTBI U IIJIOTHOCTH ar-
peraroB Tp y mauuentox ¢ mnosumopdusmom P1A1/P14A2 g rene penentopos Tp GP I1lb/Illa. 3menenus B
HauGoJIbLIEIl CTEIIeHN BbIPAKEHDI HA ATalle MHKYOauu jaiauteabHocTbio 15 u 30 munyT. [lpu ucciiepoBanuu reo-
MeTPUYECKUX MOKa3aresell pasinyHbIX SKCIHO3UIUI BbISIBUJIM, YTO, Y€M [OJIbIe TIPOXOAIIa HHKybalus mpob B
TepMocCTaTe, TEM CUJIbHEe PA3JINYAINCh TeOMEeTPUIECKUe TOKA3aTeN arperaToB (Takie Kak BbICOTA, JINHA U TITH-
puHa).

3akmouenne. AHain3 MOJydYeHHbIX AHHBIX TI0Ka3aJ, 4TO Hasimyue nojaumopdusma P141/P1A2 B rene perier-
topos Tp GP 11b/IIla criocobcTBYeT CHUKEHUIO TOPOTa /1 TPOMOOIIUTAPHOTO OTBETA U YCUJIMBAET CIIOHTAHHYIO
arperanuio Tp. Busyasmmsanus arperatoB yoeuTeIbHO JOKa3bIBAET M ULTIOCTPUPYET YBEJINYeH e CKOPOCTH 06pa-
30BaHMUsT arperaToB IPU TPOMOOTHICCKUX OCIOKHEHUSX OEPEMEHHOCTH.

Kntouesvie caoea: azpezayuonnasi axmusHocmy mpomMOouumos; 6epemMentvle HeHUUHbL;, NOIUMOPPDUIM 2eHa;
CKaHUpYOwas 30H008as MUKPOCKONUSL, MPOMOODuaUs.

Objective: to evaluate changes in characteristics of spontaneous platelet (Pt) aggregation in patients with
obstetric complications associated with hereditary thrombophilia.

Materials and methods. Blood samples were taken from 52 recently confined women on the first day after
labor; at that, ethic regulations for the pre-analytical phase were followed. Determination of PlAt/ P1A2 poly-
morphism enotype was performed by means of amplification-restriction analysis. Geometrical characteristics of
patients' peripheral blood Pt aggregation were studied by means of AFM Integra Prima. The degree of confi-
dence of the parameters under test was determined using the ¢-test, and the significance level was considered
valid at P<0.05.

Results. A statistical analysis of the findings demonstrated that the length of Pt aggregates in healthy pregnant
women was significantly higher than that in healthy non-pregnant women at all study phases. Patients with the
P1A1/P142 polymorphism in the GP IIb/IIla Pt receptor gene demonstrated increased widthm height, and density
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of Pt aggregates. The changes were most significant during the incubation phase lasting for 15 and 30 minutes. The
study of geometric parameters of different exposures demonstrated the following: the longer the incubation period,
the greater the difference between geometric parameters of the aggregates (e.g. height, length, and width).

Conclusion. The analysis of obtained data demonstrated that the presence of P141/P142 polymorphism in GP
ITb/I11a Pt gene receptor contributes to the decrease in the platelet response threshold and enhances the sponta-
neous Pt aggregation. The imaging of aggregates provides strong evidence for the accelerated growth of the aggre-

gates in thrombotic complications of pregnancy.

Key words: platelet aggregation activity; pregnant women; gene polymorphism; scanning probe microscopy;

thrombophilia
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Beenenue

ITpo6Gaema paHHeil AMATHOCTUKM, JIEYEHUS U
MpOGUIAKTUKK apTepUabHbIX U BEHO3HBIX TPOMOO-
30B SBJISIETCS OJIHON M3 IPUOPUTETHBIX MEKIACITUTI-
JIMHAPHBIX TIPOGJIEM. AKTUBAIIUSI CHCTEMbBI FeMOCTa3a
SIBJISIETCS] BAKHEHTITUM MATOT€HETUYECKIM (haKTOPOM
TeJTI0TO psifia 3a60JeBaHNH BHYTPEHHUX OpraHoB [1].

Ocoboe 3nauenue ara upodiema puodpeTaer B
aKyniepcTBe. B aKOHOMHWYECKM Pa3BUTBHIX CTpPaHaX,
rzie 3a mocseaue 30 JieT yaaaoch CHU3UTh MaTepUH-
CKyI0 CMEPTHOCTh OT KPOBOTEUYEHWIH U CeTCcHca,
TPOMGOIMOOJIHH 3AHSIIN JIMAUPYIOLIIE MO3UIUH B €€
cTpyKrype [2—4].

BepemeHHOCTD € TIEPBBIX JTHEN COMTPOBOKIACTCS
PSZIOM TUHAMWYECKUX CHUCTEMHBIX aJIarTallMOHHBIX
usmenennit. OU3NOIOTNYECKIe MEXAHM3MBbI, JIE/Ka-
e B OCHOBE 3TOTO, HAIIPABJIEHbI HA TOJJIEPKAHIE
roMeocTasa 1 oOecrieyeHre HOPMAIbHOTO PasBHUTH
mwrofa. OnxHaKO HEOOXOAUMO YUUTBIBATh, 4TO Mpu Ge-
PEMEHHOCTH MOBBIIIEH PUCK PAa3BUTHsT TPOMOO30B [5].

B mocrennue mecsatniieTus B KIMHUYIECKYTO
[IPAaKTUKY BOIILJIO MOHSATHE TPOMOOMUIIIH, XapaKTe-
pu3yIolllee TeHeTHYECKH 00YCIOBICHHOE WITH TPUO0-
PETEHHOE COCTOSIHKE TIOBBIIIEHHOTO PUCKA TPOMOGO-
THYECKUX U TPOMOOIMOOTNIECKUX OCJIOKHEHMI [6].
[TprymHa 3TUX COCTOSHUI Yallle BCero — IaToJ0Tus
cucrembl cBepThiBanus wan Tpomborutos (Tp).

Hacneacrsennbie TpomMbonurapabie TpoMOO-
(ustmr MoryT OBITH CBSI3aHbBI ¢ MyTallMeil B TeHe pe-
rentopa Tp rimkonporenta I1b/I1Ta (GP IIb/111a)
[7]. Pererrropmniit kommiexe GP I1b/II1a siBastercs
TJIAaBHBIM cpei BeeX pertenrtopoB Tp. [ox BinsaueM
oTpe/ieJIEHHBIX CTUMYJOB (azeno3unaudocdara-
AIID, tpombuna, TpoMOOKCcaHa, KoJJIareHa u jp.)
komrtekce GP 11b/I11a aktuBupyeTcst 1 B3anMoieii-
CTBYET C PasMYHbIMU JUTaHAaMu ((huOPUHOTEHOM,
dubponexTuroM, paxropom Gon Busrebpana, Bu-
TPOHEKTHHOM, TPOMOOCIIOHIMHOM ), B PE3YJIBTaTe ue-
ro poucxoauT arperanus Tp [8].

J17151 BBISIBJIEHUS TTPEIPACIIONOKEHHOCTH K Pas-
BUTHIO TPOMOO(DUIUTHYECKIX COCTOSHUN TPeOyoT-
Ccsl METOJIbI, IO3BOJSIONINE aJeKBATHO OIECHUTD
(pyHKIIMOHAIBHYIO aKTUBHOCTD TP.

B kimHWYeckoil TpakTHKe IS ONpe/eseHus
(pyHKITMOHATBHON aKTUBHOCTH TP IPUHSTO NCTIOITH30-

Introduction

The problem of early diagnosis, treatment, and
prevention of arterial and venous thrombosis is one
of most wurgent interdisciplinary problems.
Activation of the hemostasis system is the most
important pathogenetic factor of a number of viscer-
al diseases [1].

This problem is of primary importance for the
obstetrics. In developed countries, the maternal mor-
tality rate due to bleeding and sepsis was reduced
within the last 30 years. At present, thromboembolism
has become the leading cause of mortality [2—A4].

From the very beginning, pregnancy is accom-
ponied by a number of dynamic systemic adaptive
changes. The underlying physiological mechanisms
are intended to support homeostasis and provide
normal fetal growth. However, it should be noted,
that the risk of thrombosis is elevated during preg-
nancy. [5].

The concept of thrombophilia has been intro-
duced into clinical practice lately. This term charac-
terizes a hereditary or acquired condition associated
with a high risk of thrombotic and embolic complica-
tions [6]. They are mainly caused by disorders of the
coagulation or platelet (Pt) system.

Hereditary thrombophilias may be related to
platelet glycoprotein IIb/IIIa (GP IIb/IIla) recep-
tor mutation [7]. The GP IIb/IIIa complex is the pri-
mary one among all Pt receptors. Under the effect of
certain stimuli (adenosine diphosphate-ADP, throm-
bin, thromboxane, collagen, etc.), the GP 1Ib/I1la
complex is activated and interacts with different lig-
ands (fibrinogen, fibronectin, von Willebrand factor,
and thrombospondin) leading to Pt aggregation [8].

Techniques that permit adequate evaluation of
Pt functional activity are required in order to deter-
mine a predisposition to thrombophilia.

In clinical practice, techniques testing Pt
aggregation induced by collagen, ADP, ristocetin,
and other inducers are commonly used to determine
the Pt functional activity. Techniques studying spon-
taneous Pt aggregations were used earlier; they per-
mitted to study Pt functional characteristics under
conditions imitating the natural ones. However, it is
difficlut to apply the existing techniques and to eval-
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BaTh METOJIbI OTIPe/Ie/ICHIS arperaryu 1p, HHIyIupo-
BaHHOM KostareHoM, A/l D, prcToneTHHOM ¥ IPYTUMI
MHAYKTOpaMu. PaHee TPUMEHSINCH METOIBI M3yde-
HUS CTIOHTaHHON arperariu Tp, MO3BOJISBIINE B YCJIO-
BUSIX, MPUOIMKEHHBIX K €CTeCTBEHHBIM, U3yYaTh UX
(ynkmmonagphble cBoiicTBa. OIHAKO, CYIIECTBYIOIIIE
METO/IbI TPY/IHBI B UCTIOJTHEHUH U OI[EHKE MOJTyYeHHBIX
PEe3yJIBTaToB. B cBA3M ¢ ueM, MONCK HOBBIX METO/IOB
OTIpe/IeJIeHNsT CHOHTAHHON arpeTaliy Mpe/CTaBJIseT
GOJBINOI MPAKTUYECKUT 1 HAYIHBIN HHTEPEC.

[TpenmytiecTBOM CKaHUPYIOIIE 30HIOBOI MU-
kpockoruu (C3M) MOXKHO cunMTaTh MOJIydeHne WH-
bopmar; 0 MEKpO- 1 HAHOAPXUTEKTOHNKE MOBEPX-
HOCTH KJIETKH, a TaKKe CTPYKTYP cyOMeMOpaHHbIX
CJ10€B, BKJIIOUas rutockenet [9].

OtcytcTBre paboT, BRIIOUYAIOIINX OIMCAHIE
(bopMBI, pasmepa 1 MOBEPXHOCTHOH apXUTEKTOHNUKH
Tp y TalueHToOK ¢ TeHeTHYeCKW 0OYCIOBIEHHOI
TpoMOOGbUINEN, TOCTYKUIO0 OCHOBAHWEM IS TIPO-
Be/IeHUST HACTOSIIETO FICCIeIOBAaHUSI.

[lenp nccremoBaHMS: N3YIUTh N3MEHEHUE I10-
KasareJiell CIIOHTAHHON arperanuu Tp y marmeHToK ¢
AKYTIEPCKUMHU OCTOKHEHWSIMH, aCCOINNPOBAHHBIMA
C TeHeTHYECKON TpoMOOhUIeii.

Marepuan u MeTObI

O6cnenoBaii 52 naleHTKy, HAXOMBIIUXCSI B [IEPU-
Ol POJIOPA3PeNIeH s B POANUIBHOM OTIEJIeHUH TOPOICKON
Gosprutsl . CraBporosst. Bospact poskenutr komebascst
or 20 1o 35 siet, cocTaBuB B cpegHeM 25,2+0,6 set. Basitne
KPOBM MPOBOJIMJIN B IIEPBbIE CYTKHU ITOCJE POJIOB € COTJIa-
st JIeYAIlero Bpaya [pu coOJIIOAEHUN IPABIII TIPeaHaI -
THYECKOTO JTAIa UCCJAEIOBAHMUS.

CrpyKTypa OCI0KHEHUI HACTOAIIEH GepeMEHHOCTH Y
HaIUeHTOK ¢ TpoMboduineil Oblia MpecTaBIeHa: MPeskK-
JIEBPEMEHHON OTCJIOWKONW HOPMAJBHO PaACIIOJOKEHHON
nateHtsl — 10 60sbHbIX (35,7%), CPEAHUMI U TSKEIIIME
recrozamu — 11 (39,2%), Tpombozamu rry6oKKX BeH Gel-
pa—7(25%).

O6c¢iieoBaHHbIE YCIOBHO ObLIN PA3/Ie/eHbl Ha CJELyIO-
IIe TPYIIbL 1 — MalMeHTKU ¢ TPOMOOTHYECKUMU OCTIOKHE-
HUSIMH U TeTEPO3UTOTHBIM mnoymmopdusmom P1A1/P1A2
(n=28); 2 — KeHIMHbI ¢ (PU3MOJOTUYECKUM TeueHreM Gepe-
MEHHOCTU ¥ POJIOB, HOCUTETHLCTBOM HOPMATIBLHOTO BAPHAHTA
reda cyowenunaui  perentopos  Tp  GP  IIb/Illa
(P1A1/P1A1) (n=24). TpeTbio (KOHTPOJBHYIO) TPYIITY CO-
CTaBUJIN 310POBbIe HehGepeMeHHbIE KEHIIUHbI 0€3 OJTUMOpP-
¢dusma pereriropa Tp GP IIb/I1la (n=18), cornacusiuunecs
J0OPOBOJILHO Y4ACTBOBATh B HallleM uccienoBanuu. U3 06-
CJIeI0BaHVst ObLIIA UCKJIIOYEHDI TIAIIMEHTKHU C JAPYTUMU MOJ(-
TBEPIKIEHHBIMI MYTAIIUSIMU FT€HOB CUCTEMBI TeMOCTa3a.

Ompezesienne  TeHOTHNA 1O  TOJIUMOPGUMY
P14l /P1A2 ipopoamm aMInUKAIMOHHO-PECTPUKIIOH-
HbIM MeTo/IoM. Vlctounnkom st Beiienenust JJHK coysxn-
JIY TIPOOBI 1EJIBHON KPOBU, OTOOPAHHOI 13 BEHDI TTAIIMEHTOB
B 1pobupku ¢ 6% pacrsopom D/TA (1:20). Boigenenue
JTHK ocymiecTBIisiim COPOIMOHHBIM METOIOM TIPU TOMOIIN
nabopa «/[HKcop6 B» B cOOTBETCTBUM € WHCTPYKITHEH.
AMIndUKaInoHHble CMECH TOTOBUJIM HA OCHOBE YHUBEP-
CaJIbHOrO Habopa PeaKTUBOB U penaparos st ITLIP «Amii-

uate the findings. Therefore, the search for new
methods of testing of spontaneous aggregation is of a
great theoretical and practical interest.

The ability to obtain data on micro- and
nanoarchitectonics of a cell surface, as well of the
structure of submembrane layers (including the
cytoskeleton) is one of advantages of the scanning
probe microscopy (SPM) [9].

Since no studies have been performed to
describe the shape, size, and architectonics of Pt sur-
face in female patients with hereditary thrombophil-
ia, this study was carried out.

The objective of the study is to evaluate
changes of parameters of spontaneous Pt aggregation
in patients with obstetric complications associated
with hereditary thrombophilia.

Materials and Methods

52 patients in labor in the maternity unit of the
Stavropol Minicipal Hospital were examined for this
study. The age of women varied from 20 to 35 years (medi-
an 25.2%0.6 years). Blood samples were taken on the first
day after labor; at that, ethic regulations for the pre-ana-
lytical phase were followed.

Complications of the ongoing pregnancy in throm-
bophilic women included premature detachment of placen-
ta (10 patients, 35.7%), moderate and severe gestosis (11
patients, 39.2%), deep vein thrombosis (7 patients, 25%).

The enrolled patients were divided into 3 groups: 1 —
patients with thrombotic complications and heterozygous
polymorphism P1A1/P1A2 (n=28); 2 — women with a
normal course of pregnancy and labor, carrying a normal
gene of GP IIb/Illa Pt receptor subunits (P1A1/P1A1)
(n=24). The third (reference) group consisted of healthy,
non-pregnant women without GP IIb/Illa Pt receptor
polymorphism (n=18), who were volunteers in this study.
Patients with other confirmed mutations of hemostasis
system genes were excluded from the study.

Determination of P141/P142 polymorphism genotype
was performed by means of amplification-restriction analy-
sis. Whole blood samples taken from veins into tubes with
6% EDTA solution (1:20) were the source for DNA. DNA
was isolated using the sorption technique by means of a
DNAsorb B kit in accordance with the instruction.
Amplification mixtures were prepared on the basis of a uni-
versal PCR reagents and products kit Ampli Sens-200-1
(manufactured by the Central Scientific Research
Institute of Epidemiology, Rospotrebnadzor). Primers
were synthesized by Litekh, LLC, in accordance with the
sequences described by S. E. Bojesen et al. (2003). The
identification of restriction fragments of DNA was per-
formed by comparison of their sizes with the reference ones
(commercial markers of molecular sizes of DNA frag-
ments). Genotype alleles were determined in accordance
with the sets of DNA restriction fragments [10].

The nanostructure of patients' peripheral blood Pt
aggregation was studied by means of SPM Integra Prima
in the Scientific and Educational Center of Fundamental
Problems of Diagnostic Medicine under the Northern
Caucasus Federal University. The technique of evaluation
of spontaneous Pt aggregation was invented by a team of
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au Cenc-200-1» mpoussogcta GTYH ITHUND Pocro-
Tpebraazopa. IIpaiimepsr 6ol curtesuposanbl B OO0
«JIuTex» B COOTBETCTBHUU C TIOCJEI0OBATEIBHOCTSIMU, OITHU-
cagabiMi S.E. Bojesen n coast. (2003). Unentndukario
pecrpukimonnbix ¢parmentos IHK npoBoansm, cpashu-
Bas MX Pa3Mepbl C ATAJIOHAMU B BUJIe KOMMEPYECKUX MapKe-
POB MoJIeKyJIIpHBIX pazmepoB (parmentos JTHK. Annenu
TEHOTUIIOB OTIPEJIEJISLI B COOTBETCTBUU € HAOOPAMIU PecT-
pukimonnbix ¢pparmentos JJHK [10].

V3ayuenne nanoctpoenwust arperatoB 1p nepudepudaec-
KOI KPOBU TMAIMEHTOB MTPOBOMJIN MIPU TOMOIIM CKAHUPY-
1o1ero 3oH10Boro Mmukpockoma (C3M) «Murerpa [Tpumas
B Hayuno-obpasoBaresiibHoM 1ieHTpe «DyHpaMeHTaIbHbIX
npobJsieM IMarHocTHYecKoil Menuiutbl» CeBepo-KaBKas-
ckoro (esmeparbHOrO yHUBepcHuTeTa. MeToAnKa OIeHKN
crioHTaHHO arperatuu Tp paspaborana Ha Kadenpe Meau-
[UHCKOW OMOXUMUU, KIMHIYECKON J1ab0paTOPHOIi ANArHo-
cruku n dapmarnuu (T. II. Bonxaps, A. 1O. Myparosa,
E. A. Menbuenko «IIpumenenue ckanupyioiieil 30H10BOI
MUKDPOCKOITUY TIPU UCCIIEA0BAHUN CIIOHTAHHOW arperaun
TPOMGOIUTOB Y MAIMEHTOK € MYTAIMEH B TEHE TIUKOMPO-
Tenna perenrtopa tpombonuros I1B/IITA». Hayka. MuHo-
Banuu. Texuomnoruu; 2014; 4; 199—208).

Ob6oramennyio Tp 1wiasmy nosydanu neHTpudyrupo-
Baruem kposu mpu 500 06/muH B Tevenue 10 munyT. /lanee
00pasipl I1a3Mbl HHKYOUpoBaiK B Tepmocrare 1pu 37°C.
3areM rOTOBWJIN TIpenaparsl st MUKpockonuu. [Ipu un-
KyOaruu 11pob B TepMocTate MeHee 5 MUHYT arperatsl Tp He
obuapyskusaau. Mceaenosanue nposoauin Ha 5, 10, 15, 20,
25, 30 MuHyTHBIX Maskax. IIpu axcrosuim 6osee 30 M-
HYT JIOCTOBEPHBIX U3MEHEHU He OGHAPY KL

[Tepen momenterreM 06pasifa B 30HAOBBIIT MUKPOCKOIT
€r0 TIPE/IBAPUTENHHO UCCIIEA0BAINA B ONITUYECKOM MHUKPO-
ckore pu yBesmuernn 40X0,65. TIpn HaxokgeHun Ha
CTEKJIE YIACTKA C arPeraToM, JIJist TIOMETIEHNUsT €r0 Ha TpejI-
MeTHbIi cTok C3M, ¢ TOMOIIBIO CTEKJIOPEe3a BBIIEAIN
nHTepecyiontyio 301y 10X10 Mm. Bbir BoIOpan pesknM 1mo-
JIYKOHTAKTHOI aTOMHO-CHUJIOBOH MHKPOCKOIINHI C MCIIOJIb-
3oBanueM kantusiesepa CSG 10 dupmsr NT-MDT.

C nomompsio C3M cTalo BO3MOXKHBIM IOJYYUTD
JIBYXMEPHOE ¥ TpexMepHoe uszobpakeHue arperato. B
KaskaoM Maske uccienosamn ot 10 go 25 arperaros. Ko-
HeYHble Pe3yJIbTaThl CKAHNPYIONIEH 30HI0BOI MUKPOCKO-
K arperatos Tp BKJouasn B cebsi: aHAIN3 UX TeOMETPU-
YecKMX TIapaMeTpoB (U3MepeHHe BBICOTHI, [JIUMHBI U
IIMPUHBI) U CTATUCTUYECKUE XaPAaKTEPUCTUKU.

Crerietib I0CTOBEPHOCTU PA3JINYUIT M3Y4AEMBIX MTOKA-
3aresieil onpeiesisiyiu o Kpurepuio ¢-CTbhioJIeHTa, yPOBEHb
3HAYMMOCTH CYUTAIN TOCTOBepHBIM mpH p<0,05.

PesyubraThl 1 00CyKAEHUE

AHayiu3 arperaToB MPOBOIIN Ha (PUKCUPOBAH-
HBIX TIpenapaTax oboraiieHHoit Tp miasmbl ¢ uc-
nosb3oBanreM Metoga C3M. ITo mo3BOIUIIO TTOITY-
YUTh OCHOBHYI WHGOpMAIU 00 W3MEHEHUU
MOPGOJIOTHYECKHUX TTOKa3aTeseil TpoOMOOIUTapHBIX
arperaToB y JKEHIIUH ¢ HOPMAJbHBIM TEHOTUIIOM W
npu nojuMopdusme P1A1/P1Al rena cyObenuHMI
pereniropos Tp GP 11b/I1Ta.

TeomeTpuyeckue MoKa3aTe N IJTUHBI arPETaTOB
[pe/ICTaB/IeHbl B TabI. 1.

the subdepartment of medical biochemistry, clinical labo-
ratory diagnostics, and pharmacy (T.P. Bondar’,
A.Yu.Muratova, E.A. Mel'nichenko. The Use of Scanning
Probe Microscopy in Evaluation of Spontaneous Platelet
Aggregation in Patients with Platelet Glycoprotein
IIB/IITA Receptor Gene Mutation. Nauka. Innovatsii.
Tekhnologii; 2014; 4; 199—208).

Platelet-rich plasma was obtained by centrifuging
blood at 500 rpm for 10 minutes. Then plasma samples
were incubated in a thermostat at a temperature of 37°C.
Then the specimens were prepared for the microscopy. No
Pt aggregates were found after a 5-minute incubation of
samples in the thermostat. The test was performed in
smears incubated for 5, 10, 15, 20, 25, and 30 minutes. No
significant changes were found after exposure for more
than 30 min.

Before placing the samples into the SPM, they were
carefully studied using an optical microscope with a
40%0.65 zoom. If there were a fragment with an aggregate
on the slide, then the area of interest was marked with a
glass cutter (10X10 mm) prior to placing it onto a SPM
stage. The test was performed at an AFM tapping mode
using the CSG 10 cantilever (manufactured by NT-MDT).

The SPM permitted to obtain 2D and 3D images of
aggregates. From 10 to 25 aggregates were examined in
each smear. The final results of the SPM of Pt aggregates
included: the analysis of their geometrical parameters
(changes in the height, length, and width) and statistical
characteristics.

The degree of confidence of the parameters under test
was determined using the ¢-test, and the significance level
was considered valid with P<0.05.

Results and Discussion

The analysis of aggregates was performed in
fixed Pt-rich plasma samples using the SPM tech-
nique. It permitted to obtain the general information
about changes in morphological characteristics of Pt
aggregates in women with normal genotype and
P1A1/P1A1l polymorphism of Pt GP ITb/IIIa receptor
gene subunits.

The geometrical characteristics (Iength) of the
aggregates are presented in Table 1.

A statistical analysis of the findings demon-
strated that the length of Pt aggregates in healthy
pregnant women was significantly higher than that
in healthy non-pregnant women at all study phases.
However, this increase may reflect processes of phys-
iological hypercoagulation taking place during the
normal course of pregnancy.

The length of aggregates in patients with
P1A1/P1A2 polymorphism of Pt GP IIb/IIIa receptor
gene subunits significantly differed from that in
healthy women in Groups 2 and 3. This phenomenon
is presented in Fig.1, b, c¢. Patients with the
P1A1/P1A2 polymorphism in the Pt GP IIb/Illa
receptor gene demonstrated increased width, height,
and density of Pt aggregates, as it is seen in the
images. The changes were most significant during
the incubation phase lasting for 15 and 30 minutes.
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Ta6muua 1. I3MeHneHue JiMHbI TPOMOOLUTAPHBIX arperatoB B rpynnax (X+m), MKkM
Table 1. Changes in the length of thrombotic aggregates in groups (X+m), um

Time, min Parameter in the groups of study
1 (n=28) 2 (n=24) 3 (n=24)

5 44.81%£2.15 22.85+0.68 16.19+0.68
10 59.32+£3.15 37.39+1.33 24.67+1.03
15 79.24+3.07 53.61£2.85 37.47+2.76
20 85.61+£1.92 74.97%2.42 45.74%1.29
25 93.66+3.81 84.02+2.41 57.32+2.67
30 101.6+1.3 94.24+1.83 87.54+2.03

Ipumeuanue. 3aech u s Tabu. 2, 3: Time, min — Bpems, Mu; Parameter in the groups of stude — mokasaresb B Tpynmax uccsieno-
Banus. p<0,001 — mesxxay rpynnamu 1 u 2; mexxay rpynmnamu 1 u 3; Mexxay rpynmnamu 2 u 3.
Note. P<0.001 — between Groups 1 and 2; between Groups 1 and 3; between Groups 2 and 3.

Ta6anua 2. IsMenenue MUpPUHbI TPOMOOLIUTAPHBIX arperatos B rpynnax (X+m), MkM
Table 2. Changes in the width of thrombotic aggregates in groups (X+m), um

Time, min Parameter in the groups of study
1 (n=28) 2 (n=24) 3 (n=24)

5 28.43+1.89 16.22+0.38 12.49+0.44
10 41.41£2.95 24.64+1.11 17.62+1.53
15 57.78+4.11 33.01+1.64 24.25+1.45
20 60.01+3.11 36.32+2.07 27.26+1.59
25 71.75+2.96 63.32+3.71 38.94+2.72
30 89.38+1.95 77.89%2.39 66.24+2.61

pumevanue. p<0,001 — mesxay rpynmamu 1 u 2 aist 5, 10, 15, 20, 30 mun; mexay rpynmnamu 1 u 3; mexxay rpynmnavu 2 u 3. p<0,005 —

Mexay rpymmamu 1 u 2 st 25 MuH.

Note. P<0.001 — between Groups 1 and 2 for 5, 10, 15, 20, 30 min; between Groups 1 and 3; between Groups 2 and 3. P<0.005 —

between Groups 1 and 2 for 25 min.

B pesyJibraTe cTaTHCTHYECKOTO AaHAIM3A TTOJTY -
YEHHBIX JJAHHBIX BBISBJIEHO, YTO TOKA3ATEH JITTAHBI
arperatoB Tp 3/0pOBbIX OEPEMEHHBIX JKEHIIUH J[0-
CTOBEPHO BbIIllE TIOKa3aTesiell 3J0POBBIX Hebepe-
MEHHBIX Ha BCEX ITamax IMPOBEIEHUS HMCCJIeI0Ba-
Husg. OfHAKO, 9TO YBeJIWYEeHUE MOJKET OTPasKaTh
MPOTECChl (DUBNOJTOTUUECKON TUMEPKOATYJISIINH,
HUMeIoIel MeCcTO TP HOPMAJTbHOM TE€YeHWH recTa-
IIMOHHOTO TIpoIiecca.

[Tokazarenu IJIMHBI arpeTaToB MAITMEHTOK C Ha-
JmureM mojuMopgusma P1A1/P1A2 rena cyGben-
Hutr perenropos Tp GP I1Ib/Illa B 3HaurTenbHOI
CTENEHU OTJUYAJINCHh OT IOKa3aTeseil 3[0POBBIX
sKeHNH 2 n 3 rpynn. Harssaao aTo niutoctpupyor
puc. 1, b, c. Ha uzobpazxenuu obpaiiaer Ha cebst BHU-
MaHUe yBeJWYeHUe IMUPUHBI, BBICOTHI W MJIOTHOCTH
arperatoB Tp y mammeHTOK, ¢ MOJUMOPHOUZMOM
P1A1/P1A2 g rene perenrtopos Tp GP IIb/IIla. W3-
MEHEeHUsI B HanGOoJIbIIell CTEIeHN BbIPasKeHbl Ha aTa-
ne wakyOary 15 1 30 MUHYT.

[Tpu ipoBejieHNN CPAaBHUTETHHOTO aHATIM3A 110-
KaszaTeJiell IUPUHBI TPOMOOIMTAPHBIX arperaToB
BBISIBUJTM JIOCTOBEPHBIE PA3JIMuusi BO BCEX TPYIIax
obcJIeryeMbIX JKeHIMH. Tak y 310pOBbIX GepeMeH-
HBIX JKEHIIIUH arperathl MeJu OOJIBIIUIL JHaMeTp B
CPaBHEHHW C TIOKA3aTESIMU JKEHITMH KOHTPOJbHOM
TPYIIIIBI, HO HEe IOCTUTAJIHU TIOKa3aTeJiell TTalueHToK ¢
reHeTnyeckoit rpomboduneit (tabi. 2).

Taxyke Oblia HCCIEOBaHA BBICOTA TPOMOOIH-
TapHbBIX arperatoB. [Ipm cpaBHeHUM Pe3yJBTATOB

A comparative analysis of the Pt aggregate
widths demonstrated significant differences in all
study groups. In healthy women, the aggregates had
a greater diameter than those in the reference group
women, but the greates diameter of aggregates was
found in women with herediatry thrombophilia
(Table 2).

The height of Pt aggregates was also examined.
A comparison of findings demonstrated significant
differences in all groups (Table 3).

The SPM study of samples demonstrated that
the number of aggregates in healthy women did not
differ from those with herediatry thrombophilia.
These findings were confirmed by a standrad tech-
nique for evaluation of Pt aggregation activity (Born
G.V.R. method). However, the study of geometric
parameters of different exposures demonstrated the
following: the longer the incubation period, the
greater the difference between geometric parameters
of the aggregates (e.g. height, length, and width).
This tendency may be traced in Fig. 1.

Conclusion

The analysis of findings demonstrated that geo-
metrical parameters of Pt aggregates in women with
anormal course of pregnancy and labor were slightly
higher than those in the reference group women.
However, it may be due to hyporcoagulation typical
for normal pregnancy. At the same time, the aggre-
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OPMI‘TAHQ,ABHI)IC MCCACAOBAHM I

Tabmuna 3. I3MeHeHue BbICOThI TPOMOOIMTAPHBIX arperaTos B rpynmnax (X=m), MKkm
Table 3. Changes in the height of thrombotic aggregates in groups (X+m), um.

Time, min Parameter in the groups of study
1 (n=28) 2 (n=24) 3 (n=24)

5 1.18+0.03 1.07+0.02 0.961+0.017
10 1.26+0.02 1.18+0.02 1.044+0.017
15 1.31£0.02 1.21+0.02 1.072+0.019
20 1.47+0.02 1.34+0.04 1.096+0.025
25 1.32+ 0.04 1.21+0.04 1.161+0.036
30 1.51£ 0.02 1.43+0.02 1.282+0.034

Mpumeuanue. p<0,01 — mesxay rpynnamu 1 u 2; mesxay rpymmamu 1 u 3; meskay rpynnamu 2 u 3 st 5, 10, 15, 20, 30 mun. p<0,005 —

MEKIY TPyTIaMu 2 1 3 Jist 25 MUH.

Note. P<0.01 — between Groups 1 and 2; between Groups 1 and 3; between Groups 2 and 3 for 5, 10, 15, 20, 30 min. P<0.005 —

between Groups 2 and 3 for 25 min.

Puc. 1. 3D usoGpaskenne arperaToB TpOMOOIMTOB B IPYNIAX HCCIIEI0OBAHUS.

Fig. 1. 3D image of thrombotic aggregates in the groups of study.

Note. Spontaneous aggregation, 5, 15, 30 min. @ — in the reference group; b — in the healthy pregnant women; ¢ — in the pregnant women
with hereditary thrombophilia.

Ilpumevanne. CriontanHag arperaims ua 5, 15, 30 MUH. @ — MaIMeHTKN KOHTPOJIBHOIT TPYIITBL; h — 310pOBbIe GepeMEHHbIE 5KEHTIITHDI;

¢ — GepeMeHHbIe ¢ TEHETUYECKOl TpoMGoduInei.

Tak)Ke OBLIM BBISBJIEHBI JOCTOBEPHBIE OTJIHUYKSI BO
Beex rpymmax (Tabu. 3).

WccnenoBanue mpenapaToB ¢ UCIIOJTH30BAHUEM
CKaHUPYIOIIET0 30HA0BOTO MHKPOCKOTIA ITTOKAa3aJIo,
YTO KOJIMYECTBO arperaToB y 370POBBIX JKEHIIUH W
MAIMEHTOK C FTeHeTHYECKOI TpoMbodIIneil cytect-
BEHHO HE OTJIMYAJIOCh. DTH JaHHbIe ObLIN MOATBEPK-
JICHBI C TTIOMOIIBIO TPAAUIIMOHHOW METOJANKU UCCIie-
JIOBAHMS arperarimoHHONl aKTUBHOCTH Tp MeTomoM
Born G. V. R. Onako npu nccieiloBaHy reoMeTpu-
YeCKUX TIOKasaTesell Pa3uYHbIX KCIO3UITUI BbI-
SIBUJIM, YTO, YeM JIOJIbIe TIPOXOJUIa WHKYOAI[Us

gates in normal pregnancy are smaller than those
found in patients with obstetrical complications
caused by thrombophilia.

Therefore, the presence of P141/P1A2 polymor-
phism in Pt GP IIb/I1Ia receptor gene contributes to
the decrease in the platelet response threshold and
enhances the spontaneous Pt aggregation.

The study demonstrated that evaluations of
spontaneous Pt aggregation permitted to assess their
natural functional activity. The imaging of aggre-
gates provides strong evidence for the accelerated
growth of the aggregates in thrombotic complica-

OBIJAA PEAHMUMATOAOTIM, 2016, 12; 5

www.reanimatology.com

21



22

. Original Observations

DOI:10.15360,/1813-9779-2016-5-16-22

npob B TepMOCTaTe, TeM CUJIbHEE PasMyaich reo-
MeTpUYECKUE TTOKA3aTe/Id arperaToB (Takue Kak Bbl-
coTa, JUIMHA W MpuHa). Bojiee HATJSIHO JaHHYTO
TEHIEHITUIO MOKHO TIPOCJIEINTD Ha puc. 1.

3akiaoyeHue

AHanM3 TOJyYeHHBIX NaHHBIX I[MOKA3aJ, 4TO
reoMeTpuyecKre TapameTpbl arperatoB Tp skeH-
muH ¢ (GU3NOJIOTMYECKN IpoTeKaolieii Gepemen-
HOCTBIO M POJIaMH HECKOJIBKO BBIIIIE MMOKa3aTeJei
JKEHIIUH KOHTPOJbHON Tpymibl. OmXHAKO, 3TO MO-
JKeT ObITh CJIEICTBYEM IOBBIIICHUS KOArYJISIHOH-
HOTO TIOTEHIHAaJa KPOBU TP (HU3MOJOTUUECKOM
6epemenHocT. Ho B TO ke BpeMst pasMepsbl arpera-
TOB IIPU HOPMAJIbHOU GEPEMEHHOCTH He JOCTUTAIOT
reoMeTPUYECKUX TIOKa3aTesell arperatoB MalueH-
TOK C aKyIIEPCKUMH OCJIOKHEHUSIMU, 00YCIIOBJICH-
HBIMHI TPOMOODUIHEN.

Takum 00pasoM, Hajuuue MOJTUMOPGUIMA
P1A1/P1A2 g rene perenrropos Tp GP IIb/I1Ia cro-
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tions of pregnancy. The SPM technique is sufficient-
ly reliable to be used in fundamental studies of Pt
morphofunctional characteristics, as well as in clini-
cal and lab diagnostics of thrombotic conditions of
various origins.

cOGCTBYET CHUKEHUIO TOPOTa JIJIst TPOMOOIUTAPHOTO
OTBETa M YCUJIMBAET CIIOHTAHHYTO arperaruio Tp.

[TpoBeserHOE WCCaeOBaHUE TTOKA3aJ0, YTO
u3ydyeHue CIIOHTAHHOW arperaiuu Tp TO3BOJSET
OIIEHUTb WX €CTECTBEHHYIO (DYHKIMOHAJIBHYIO aK-
TUBHOCTb. BHU3yajusaliusi arperatoB yOeauTeJbHO
JIOKa3bIBAeT U UJTIOCTPUPYET YBeJUIeHNE CKOPOCTH
obpa3oBaHKs arperaToB Mpu TPOMOOTHUYECKUX OC-
noxuenusx 6epemennoct. Merog C3M moxer
ObITh MCIIOJIB30BaH ¢ GOJIBIION CTEIEHbIO HAEKHOC-
TH Jis (DYHAAMEHTATbHBIX UCCIeJOBAHWI MOPGhO-
(ynxuumonanpupix cBoiicts Tp, a Takxke B KIMHUKO-
JabopaTOPHOIl  JAMArHOCTUKE  TPOMOOTHYECKUX
COCTOSTHUI PAa3TMYHOTO TeHe3a.
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