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Introduction

Aim. To elucidate whether actin exposed on the surface of agonist-activated platelets is re-
sponsible for plasminogen binding. Methods. Human washed platelets were obtained by
gel-filtration on Sepharose-2B. The levels of exposed actin on the outer surface of plasma
membrane of intact and thrombin- or collagen-stimulated platelets were monitored by flow
cytometry. The binding of plasminogen fluorescent conjugate (Pg-FITC) with platelets treated
with anti-actin antibody or non-immune IgG (control) was analyzed cytometrically. Results.
Thrombin or collagen exposure resulted in the dose-dependent actin expression on the surface
of stimulated platelets. Pre-treatment of stimulated platelets with specific anti-actin antibodies
was shown to significantly prevent the binding of Pg-FITC with the platelet surface. Conclusion.
The results of the present study indicate that actin exposed on the platelet surface at the agonist-
induced activation is involved in the plasminogen binding.

Keywords: platelets, surface-exposed actin, plasminogen, flow cytometry.

detectable in the quiescent state on the out-
er surface of plasma membrane. There are

Platelets play a key role in hemostatic pro-
cess and regulate inflammatory and prolif-
erative events through releasing adhesive
and coagulation proteins, growth factors and
angiogenesis inhibitors. The platelet activa-
tion triggers cytoskeletal rearrangement that
provides morphology changes, exocytosis,
adhesion, aggregation, and retraction [1].
Activation also stimulates the expression of
subcellular structures and novel proteins not

several lines of independent evidences indi-
cating exposition of some cytoskeletal pro-
teins on the surface of agonist-stimulated
platelets [2, 3]. Actin, a principal component
of platelet cytoskeleton microfilaments, is
among them [4]. However, the molecular
mechanisms of actin translocation on the
activated membrane and “external” functions
of this major cytoskeletal protein are still
obscure.
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Plasminogen, a 92 kDa single-chain glyco-
protein, is an inactive proform of proteinase
plasmin that dissolves fibrin in blood clots,
acts as a proteolytic factor in tissue remodel-
ing, tumor invasion, and inflammation [5]. It
has been well-documented that the binding of
plasminogen to platelets is augmented by
thrombin stimulation, suggesting exposure of
additional binding sites on the activated mem-
brane [6]. It has been demonstrated during the
experiments with pure proteins and with the
use of cell culture models that plasminogen
and actin interact with high extent of affinity.
According to the data obtained by various
research groups, K, for the plasminogen-actin
complex is about 70 — 140 nM [7]. These
values are consistent with those describing the
high-affinity interaction of plasminogen with
actin exposed on PC12 cells [8]. Previously,
actin has been identified on the surface of
various normal and transformed cell types [see
9, 10, 11 for summary]. For example, exter-
nally exposed actin has been observed on the
sperm head, where it takes part in the process
of membrane modification during sperm ca-
pacitation and initiation of acrosomal reac-
tion [12]. Moreover, actin located on the
outer side of the plasma membrane has been
found as a binding site for plasminogen. The
Surface-expressed B/y actin isoforms of cat-
echolaminegic cells are directly involved in
the plasminogen activation, and resultant plas-
min promotes the formation of bioregulatory
inhibitory peptides, thus modulating neu-
rotransmitter release [13]. Finally, B-actin
expressed on the surface of some tumor cell
lines (PC-3, HT1080, MDA-MB321), medi-
ates plasmin autoproteolysis resulting in the
angiostatin AS 1-4.5 formation [7, 14]. It is

logical to suppose that if the amounts of cell-
surface actin are related to its possible func-
tional activity, the surface actin expression
may provide a subtle mechanism for regula-
tion of plasminogen binding. It should be
further tested what kind of functional activi-
ties actin-bound plasminogen expresses on the
platelet surface: is it involved in platelet sig-
naling or does it undergo proteolytic fragmen-
tation, resulting in the biologically active frag-
ments (angiostatins) formation? It is important
to establish due to the fact that the interaction
of plasminogen/plasmin system and platelets
is considered as a crossroad between hemo-
stasis, tissue reparation and remodeling,
wound healing, cell invasion, angiogenesis,
and inflammation. Therefore, this issue raises
many questions, the dissection of which may
shed light on a putative role of the actin-
plasminogen interactions on platelets in norm
and their contribution to different pathological
processes.

We have previously developed and used
flow cytometry assay to measure actin exposi-
tion on the platelet surface and observed that
dynamic changes of this parameter directly
depend on the agonist (thrombin) concentra-
tion [4]. The aim of this study is to test the
hypothesis that the surface-exposed platelet
actin can be involved in plasminogen binding,
and thus to provide further evidence for of
functional significance of platelet actin in such
an unexpected location.

Materials and Methods

Chemicals

All chemicals and reagents were from Sigma
Aldrich (USA) except for those specified.
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Plasminogen purification and plasmi-
nogen-fluorescein isothiocyanate (Pg-
FITC) conjugation

Native (Glu-) plasminogen was purified from
fresh blood plasma of healthy donors by means
of affine chromatography on lysine-sepharose,
as described elsewhere [15]. Electrophoretically
pure plasminogen was labeled with fluorescein
isothiocyanate (FITC) to obtain fluorescent plas-
minogen conjugate (Pg-FITC), as previously
described [16]. Neither plasminogen nor Pg-
FITC displays spontaneous proteolytic activity,
as measured using the S2251 chromogenic assay.
Research protocols were approved by the Ethical
Committee of Palladin Institute of Biochemistry
of NASU (3" November, 2014, protocol no. 10).

Platelets

Washed platelets were obtained from human
platelet-rich plasma by gel-filtration on
Sepharose 2B as described elsewhere [17].
Informed consent was obtained from all donors
(n = 3) in accordance with the Declaration of
Helsinki, and ethical approval for the study
was provided by the local ethics committee as
mentioned above. To assess platelet viability
and functional activity, platelet aggregation
was measured by optical aggregometry (ag-
gregometer Solar AT-02, Republic of Belarus).
All assays were performed within 60—80 min
after platelet collection. Thrombin at final con-
centrations 0.1, 0.5 or 1.0 unit NIH/ml and
collagen (Tekhnologia Standard, Russian
Federation) at final concentrations 0.125 mg/
ml, 0.6 mg/ml or 1.25 mg/ml were used to
stimulate platelets (5 x 10° platelets per sam-
ple). Platelets were incubated with agonists for
5 min at 37 °C. The same amount of untreated
(resting) platelets was used as a control.
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Flow cytometry

Flow cytometry assay was used as a sensitive
and direct method for detection of actin surface
expression and monitoring Pg-FITC binding
with platelet surface. Platelet activation was
stopped with 1 % paraformaldehyde in sodium
phosphate buffered saline (PBS), pH 7.4, for
20 min at room temperature, to prevent inter-
nalization of surface antigens and antibodies.
Fixed platelets were washed with sodium-ci-
trate (3.8 %)-PBS and sodium-citrate (3.8 %)-
PBS containing 1 % BSA. Anti-actin antibody
and anti-rabbit FITC-IgG were mixed in PBS
in 1:80 and 1:200 dilutions, respectively (ac-
cording to manufacturer recommendations)
and left for 30 min at 37 °C. Then, platelets
were incubated with antibody mixture for
30 min at 4 °C. Platelets incubated only with
secondary FITC-conjugated antibody were
used as a control for non-specific IgG binding
(spontaneous, or background fluorescence).
In this study, we prevented interaction of
platelet-surface actin with Pg as a ligand by
an anti-actin-antibody. Fixed platelets were
treated with anti-actin antibodies for 30 min
at room temperature, washed with PBS and
labelled with Pg-FITC (in saturated concentra-
tion 100 pg/ml) in the same conditions. One
sample of platelets was treated with non-im-
mune IgG as an isotype control. All procedures
with labelled proteins were performed in the
dark place to avoid photobleaching. After
staining, platelets were washed from unbound
antibodies or Pg-FITC twice with PBS by
centrifugation at 1000 g for 3 min at 4 °C.
Then, platelets were resuspended in 1 ml of
PBS, and the percentage of FITC-positive
platelets and intensity of specific FITC fluo-
rescence were monitored using of Coulter
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Fig. 1. Flow cytometric analysis
of platelet surface-exposed actin:
A —representative dot plots show-
ing actin exposition on the outer
side of plasma membrane of
thrombin- or collagen-stimulated
platelet; B and C — representative
flow cytometry histograms of an-
ti-actin antibody binding to plate-
lets activated by thrombin or col-
lagen, respectively; D — values of
FITC-signal intensities showing
agonist concentration-dependent
expression of platelet surface ac-
tin (the differences between each
group vs. resting control are all
statistically significant with P le-
vel no higher than 0.01).
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value setting. Surface actin- or plasminogen-
positive platelet populations were gated sepa-
rately from the specific fluorescence-negative
platelet population on the basis of sideward
scattering (SSC). For control samples and
thrombin-activated platelets, 15000 events
were analysed, whereas for collagen-activated
platelets at least 3000 events were analyzed
due to high ability of collagen to cause plate-
let aggregation. Then the FITC-stained events
found in the positive gate were expressed as
the percentage of definition platelets. The mea-
surement of cytometric parameters in each
group of platelets was carried out in duplicate,
and the mean value was calculated based on
the values obtained from all donors. Intensity
values of FITC fluorescence were expressed
as arbitrary units. The results were analyzed
and presented using “FCS Express V3” soft-
ware system (De Novo Software, USA).

Statistical analysis

The results were expressed as mean =+ standard
error of mean (M £ m) or as medians for non-
normal distributions. The statistics were per-
formed with the use of Student’s #-test.
Differences between parameters studied in
each group were considered to be significant
at P less than 0.05.

Results and Discussion

This study was performed to determine for the
first time the role of surface-exposed actin in
plasminogen binding by platelets. Earlier, we
have performed flow cytometry assay to de-
termine if thrombin-activated platelets are able
to expose actin on their surface [4]. Here, we
extend that study and established the platelets,
activated by thrombin or other potent natural
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agonist, collagen, to represent actin-positive
outer membrane. The results of cytometry
sorting of platelets, presented in Fig. 1A, in-
dicate an increase in percentage of the spe-
cific fluorescence actin-positive platelets in
response to the agonist action. If the samples
of resting platelets contained up to 12 % of
actin-presented species, the platelets after sub-
maximal (0.1 unit NIH/ml thrombin) stimula-
tion represented 88 % of actin-positive popu-
lation. The percentage of actin-positive plate-
lets reaches up to maximal value 94 and 98 %
after incubation with 0.5 or 1.0 units NIH/ml
of thrombin, respectively. The mean number
of actin-presented platelets raised from 80 to
90 % after stimulation with increasing collagen
concentration (from 0.125 mg/ml to 1.25 mg/
ml). It is seen from Fig. 1B and C that throm-
bin, used in the indicated concentrations, in-
duced more intense actin surface expression
compared to collagen. Measurements of fluo-
rescence signal values revealed a strong ago-
nist dose-dependent character of the actin ex-
position in platelets treated by thrombin in
concentration of 0.1, 0.5 or 1.0 unit NIH/ml,
which was respectively 30-, 54- and 143-fold
higher in comparison with this level for un-
treated platelets (Fig. 1D). However, collagen
stimulation caused a lesser extent of the actin
exposition that maximally reached only 24-fold
increment in the case of application of the
highest concentration (1.25 mg/ml). These
differences between the thrombin- and colla-
gen-induced actin expositions are probably
related to the activation of distinct signal path-
ways responsible for cytoskeleton rearrange-
ment in platelets.

In the present work, we unequivocally
established that the agonist-induced exposi-

tion of actin contributes to the plasminogen
interaction with activated platelets.
Interestingly, there is only limited population
of resting platelets (~ 35 % of total amount
of platelets), which appeared to be able to
bind plasminogen (Fig. 2A). In contrast, both
thrombin and collagen in their maximal con-
centrations (1.0 U NIH/ml and 1.25 mg/ml,
respectively) dramatically increase the quan-
tity of Pg-FITC-positive platelets (in average,
94.4 and 95.2 %, respectively). However, as
shown by the intensity signal curve analysis,
the plasminogen-binding ability of the colla-
gen-exposed platelets appeared to be much
weaker than that for of thrombin-activated
counterparts (Fig. 2 B and C). Notably, actin
blockade by inhibitory antibodies insignifi-
cantly lowered the quantity of Pg-FITC-
binding platelets. Thus, 93.8 and 84.9 % of
thrombin- or collagen-stimulated platelets,
respectively, remained to be gated as FITC-
positive events. However, the intensity signal
from fluorescence conjugate bound to plate-
lets decreased 4- and 2.5-fold in the cases of
thrombin- or collagen-activated platelets, cor-
respondently, Fig. 2D). These data mean that,
apart from actin, other molecular targets also
mediate the plasminogen interactions with the
surface of activated platelets. It has been
earlier reported that there are several mole-
cules on the platelet surface, which ensure
plasminogen binding, including integrins
(aMPB2, a5P1, aVB3, allbP3), fibrinogen, fi-
bronectin, vitronectin, and laminin 18.

The presence of cytoskeletal proteins on the
cell surface has been reported in several other
studies [19, 20]. However, the mechanisms of
actin export on the cell surface are still obscure
and it must be determined how actin, which
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Fig. 2. Flow cytometric analysis of plasminogen binding with platelet surface: 4 — representative dot plots indicating
inhibitory effects of anti-actin antibodies on Pg-FITC binding by activated platelets; B and C — representative flow
cytometry histograms of Pg-FITC showing effects of pre-incubation with anti-actin antibodies on Pg-FITC fluores-
cence intensity pattern for platelets activated by thrombin or collagen, respectively; D — values of signal intensities
captured from FITC-positive platelets reflecting actin exposition in plasminogen binding (# — P <0.001 compared to

thrombin-stimulated platelets, * — P < 0.05 compared to collagen-exposed platelets).

lacks a classical signal sequence, moves to the
cell surface and anchors to the plasma mem-
brane. The authors [21] hypothesize the exis-
tence of specific mechanisms of actin transport
in a complex with other proteins acting as
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carriers. For example, gelsolin being actin-
binding protein is considered as a plausible
candidate for the role of actin transporter be-
cause it can penetrate plasma due to a special
signal peptide. Interestingly, the actin exposi-
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tion on the surface of some cancer cells is
thought to be an attribute of their apoptotic
changes, in which actin has been shown to play
an important role. For instance, the cells of
medullary breast carcinoma expose surface
actin, which is accumulated in the region of
apoptotic blebs [22]. It is well-known that the
outside-in agonist-mediated signaling triggers
actin cytoskeleton reorganization in platelets,
and actin appearance on the platelet surface
may be associated with the lipid rafts forma-
tion, membrane blebbing and exocytosis [23].

Actin is a 42 kDa structurally highly con-
served protein that occurs in all eukaryotic
cells. Human platelet actin is represented by
B- and y-isoforms, like in most non-muscle
cells [25]. All isoforms are very similar at the
sequence level and therefore all of them have
been shown to bind plasminogen. The residues
Lys61, 68 and 113, which are highly conserva-
tive and occur in all actin isoforms, are respon-
sible for the plasminogen recognition. The
residue Lys61 is the most important for the
interaction with plasminogen because it is
situated on the surface of the actin globule.
Moreover, proteolytic processing at the
C-terminus of actin resulting in the Lys373
exposure increases affinity of plasminogen-
actin binding and stimulates the cell-dependent
plasminogen activation. In turn, the Lys-
binding sites of plasminogen-plasmin kringle
domains are involved in interaction with actin
that can be inhibited by lysine and its ana-
logues [10, 13].

Plasminogen as a plasmin precursor plays
the major role in blood clot fibrinolysis.
However, the current researches emphasize
that plasminogen is involved in the regulation
of the functional state of various cell types

affecting different cellular components and
signal pathways [25]. Our previous data have
shown that the partially truncated Lys-form of
plasminogen is able to interrupt the cytoskel-
eton remodelling, to affect the platelet de-
granulation, and to inhibit the agonist-induced
platelet aggregation [26, 27]. Native (Glu-)
plasminogen facilitates phosphatidylserine ex-
posure on the surface of thrombin- or collagen-
activated human platelets, thus promoting the
formation of the platelet procoagulant sur-
face [28]. Based on the data of Miles and
others [13], it can be assumed that the cell-
surface forms of actin may be involved in the
pericellular plasminogen activation to plasmin
as a binding site for proenzyme. The potential
of platelets to enhance fibrinolysis by local-
izing plasminogen in the vicinity of a fibrin
clot is in agreement with this observation [6].
Indeed, in the membrane-associated state, plas-
minogen acquires open conformation that is
more readily converted into plasmin, which is
able to further modulate the platelet response
to thrombin and other aggregating agents that
is influenced by its concentration [29].
Participation of surface-expressed actin in the
plasminogen activation is additionally sup-
ported by the data demonstrating inhibitory
effects of specific anti-actin antibodies on the
cell-dependent plasminogen activation [13].
On the other hand, the activated platelets have
been shown to secret and/or generate de novo
proteolytically-derived plasminogen frag-
ments, referred to as angiostatins, due to plas-
min autoproteolysis. The mechanism of actin-
mediated angiostatin formation can represent
the way, in which platelets may regulate re-
parative angiogenesis, thus counteracting pro-
angiogenic stimuli [30].
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Interestingly, actin is not the only cytoskel-
etal protein found in such an unusual location.
It has been observed previously that the acti-
vated platelets presented one more cytoskel-
etal protein, vimentin, the major component
of intermediate filaments. Vimentin exposed
upon the platelet activation may serve to loca-
lize complexes [vitronectin — plasminogen
activator inhibitor type I (PAI-I)] on the plate-
let surface. In summary, our research is one of
the attempts performed to uncover the func-
tional link existing between the platelet cyto-
skeleton and the plasminogen/plasmin system.
We are currently undertaking studies to exam-
ine whether the interaction between actin and
plasminogen on the platelet surface may, at
least partially, contribute to the regulation of
processes related to platelet physiology.

Conclusions

Herein, we provide for the first time direct
evidence that surface-exposed actin is respon-
sible for increased plasminogen binding with
the surface of activated platelets. It can be
summarized that the levels of surface-exposed
actin may reflect the functional competence of
platelets in plasminogen binding.

Acknowledgement

The authors are very grateful to Yana Roka-
Moiia and Svitlana Diordieva for their techni-
cal assistance.

REFERENCES

1. Yun SH, Sim EH, Goh RY, Park JI, Han JY. Platelet
activation: the mechanisms and potential biomar-
kers. Biomed Res Int. 2016;2016:9060143.

2. Tschoepe D, Spangenberg P, Esser J, Schwippert B,
Kehrel B, Roesen P, Gries FA. Flow-cytometric

180

10.

11.

12.

13.

detection of surface membrane alterations and con-
comitant changes in the cytoskeletal actin status of
activated platelets. Cytometry. 1990;11(5):652—6.
Podor TJ, Singh D, Chindemi P, Foulon DM, McKel-
vie R, Weitz JI, Austin R, Boudreau G, Davies R.
Vimentin exposed on activated platelets and platelet
microparticles localizes vitronectin and plasminogen
activator inhibitor complexes on their surface. J Bio/
Chem. 2002;277(9):7529-39.

Tykhomyrov AA. Dynamics of thrombin-induced
exposition of actin on the platelet surface. Ukr Bio-
chem J. 2014;86(5):74-81.

Castellino FJ, Ploplis VA. Structure and function of
the plasminogen/plasmin system. Thromb Haemost.
2005;93(4):647-54.

Whyte CS, Swieringa F, Mastenbroek TG, Lionikie-
ne AS, Lancé MD, van der Meijden PE, Heemskerk
JW, Mutch NJ. Plasminogen associates with phospha-
tidylserine-exposing platelets and contributes to throm-
bus lysis under flow. Blood. 2015;125(16):2568-78.
Wang H, Doll JA, Jiang K, Cundiff DL, Czarnecki JS,
Wilson M, Ridge KM, Soff GA. Differential binding
of plasminogen, plasmin, and angiostatin4.5 to cell
surface beta-actin: implications for cancer-mediated
angiogenesis. Cancer Res. 2006;66(14):7211-5.
Miles LA, Hawley SB, Parmer RJ. Chromaffin cell
plasminogen receptors. Ann N Y Acad Sci. 2002;
971:454-9.

Sudakov NP, Klimenkov IV, Byvaltsev VA, Nikifo-
rov SB, Konstantinov YM. Extracellular actin in health
and disease. Biochemistry (Mosc). 2017;82(1):1-12.
Tykhomyrov AA. Interaction of actin with plasmino-
gen/plasmin system: mechanisms and physiological
role. Biopolym Cell. 2012;28(6):413-23.
Smalheiser NR. Proteins in unexpected locations.
Mol Biol Cell. 1996;7(7):1003—14.

Liu DY, Clarke GN, Baker HW. Exposure of actin
on the surface of the human sperm head during in
vitro culture relates to sperm morphology, capacita-
tion and zona binding. Hum Reprod. 2005;20(4):999—
1005.

Miles LA, Andronicos NM, Baik N, Parmer RJ.
Cell-surface actin binds plasminogen and modulates
neurotransmitter release from catecholaminergic
cells. J. Neurosci. 2006;26(50):13017-24.



Surface-exposed actin binds plasminogen on the membrane of agonist-activated platelets: a flow cytometry study

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

Wang H, Schultz R, Hong J, Cundiff DL, Jiang K,
Soff GA. Cell surface-dependent generation of an-
giostatin4.5. Cancer Res. 2004;64(1):162-8.
Deutsch DG, Mertz ET. Plasminogen: purification
from human plasma by affinity chromatography.
Science. 1970;170(3962):1095-6.

Magalhdes V, Andrade EB, Alves J, Ribeiro A,
Kim KS, Lima M, Trieu-Cuot P, Ferreira P. Group
B streptococcus hijacks the host plasminogen system
to promote brain endothelial cell invasion. PLoS
One. 2013; 8(5):63244.

Schoenfeld H, Muhm M, Doepfmer U, Exadaktylos
A, Radtke H. Platelet activity in washed platelet
concentrates. Anesth. Analg. 2004; 99(1): 17-20.
Takada Y. Potential role of kringle-integrin interac-
tion in plasmin and uPA actions (a hypothesis).
J Biomed Biotechnol. 2012;2012:136302.

Dudani AK, Ben-Tchavtchavadze M, Porter S, Ta-
ckaberry E. Angiostatin and plasminogen share
binding to endothelial cell surface actin. Biochem
Cell Biol. 2005;83(1):28-35.

Sanders S.K., Craig S.W. A lymphocyte cell surface
molecule that is antigenically related to actin. J Im-
munol. 1983;131(1):370-7.

Li GH, Arora PD, Chen Y, McCulloch CA, Liu P,
Multifunctional roles of gelsolin in health and di-
seases. Med Res Rev. 2012;32(5):999-1025.
Hansen MH, Nielsen HV, Ditzel HJ. Translocation of
an intracellular antigen to the surface of medullary
breast cancer cells early in apoptosis allows for an
antigen-driven antibody response elicited by tumor-
infiltrating B cells. J Immunol. 2002;169(5):2701-11.
Head BP, Patel HH, Insel PA. Interaction of mem-
brane/lipid rafts with the cytoskeleton: impact on
signaling and function: membrane/lipid rafts, me-
diators of cytoskeletal arrangement and cell signal-
ing. Biochim Biophys Acta. 2014;1838(2):532—45.

. Bearer EL, Prakash JM, Li Z. Actin dynamics in

platelets. /nt Rev Cytol. 2002;217:137-82.

Law RH, Abu-Ssaydeh D, Whisstock JC. New in-
sights into the structure and function of the plas-
minogen/plasmin system. Curr Opin Struct Biol.
2013;23(6):836-41.

Tykhomyrov A, Zhernosiekov D, Roka-Moiia I, Dior-
diieva S, Hrynenko T. Effects of Lys-form of plas-

minogen on platelet actin cytoskeleton. Fiziol Zh.
2014;60(1):25-33.
Tykhomyrov A, Zhernosekov D, Roka-Moya Y, Dior-
dieva S, Grinenko T. The effects of lys-plasminogen
on human platelet secretion. Fiziol Zh.
2015;61(6):26-34.
. Zhernossekov D, Roka-Moiia Y, Tykhomyrov A,
Guzyk M, Grinenko T. Glu- and Lys-forms of plas-
minogen differentially affect phosphatidylserine
exposure on the platelet surface. Ukr Biochem J.
2017;89(special issue):102—10.
Miles LA, Castellino F.J, Gong Y. Critical role for con-
version of glu-plasminogen to Lys-plasminogen for
optimal stimulation of plasminogen activation on cell
surfaces. Trends Cardiovasc Med. 2003;13(1):21-30.
. Radziwon-Balicka A, Moncada de la Rosa C, Ziel-
nik B, Doroszko A, Jurasz P. Temporal and pharma-
cological characterization of angiostatin release and
generation by human platelets: implications for en-
dothelial cell migration. PLoS One. 2013;8(3):¢59281.

27.

28

29.

30

PoJIb €KCTIOHOBAHOT0 AKTUHY Y 3B’A3yBaHHI
IUIa3MiHOTeHY HA MeMOpaHi aroHicT-aKTHBOBAHMX
TPOMOOIUTIB: HMTOMETPHYHE TOCiIKEeHHS

A. O. Tuxomupos, . J. XKepHocekos,
T. B. I'punenko

Merta. 3’sicyBaTH 3MaTHICTh aKTHHY, 110 EKCIIOHYETHCSI Ha
ITOBEPXHI TPOMOOIIUTIB, aKTHBOBAHUX Pi3HHMH aroHicTa-
MH, 3B’s3yBaTH T1a3miHoreH. Metoau. Biqmuri TpoM60-
IIUTH JTFOMUHU OTPUMYBAJIH 32 JOTIOMOTO0 TeTb-(PLIbTparii
Ha Ceapo3i-2B. KinbkicHy OLIHKY €KCIIOHYBaHHSI aKTH-
Hy Ha 30BHIIIHII TOBEPXHI IHTAaKTHUX TPOMOOIWTIB Ta
TPOMOOIHTIB, aKTHBOBAaHUX TPOMOIHOM a00 KOJIareHOM,
MIPOBOIMJIIM 13 3aCTOCYBaHHSIM MPOTOKOBOI IIUTOMETPIi.
3B’s13yBaHHS (TyOPECIICHTHOTO KOH OTaTy IIa3MiHOTEH-
FITC (Pg-FITC) 3 TpombonmTamMmu, 0OpoOIeHUMH aHTH-
TLIaMH NIPOTH aKTHHY a00 HeiMyHHUMH IgG (KOHTpOIIB),
aHaJTI3yBaJIM IUTOMETpHYHO. Pe3ynabraTu. B Tpom-
OiHy Ta KoJIareHy MpU3BOIUTS JIO MTOSIBU Ha 30BHIITHEOMY
0011l TTIa3MaTHYHOT MEMOpPaHH TPOMOOIHTIB aKTHHY, KiJTb-
KICTh SIKOTO 3ajie)KaJia BiJl KOHIICHTpAIlii aroHiCTiB.
[Momepensst 00poOka aKTUBOBAaHUX TPOMOOIUTIB CICIIHU-
(bIYHMMU aHTHTLTAMU MIPOTH aKTHHY 3HAYHO 3arrodiraia
3B’s3yBanHI0 Pg-FITC 3 moBepxHEr0 TPOMOOIHTIB.
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BucHoBkH. Pe3yabraT npeicTaBieHoro JOCIiDKeHHS
BKa3yIOTh Ha 3aJy4CHHsS E€KCIIOHOBAaHOI'O aKTHHY IO
3B’s13yBaHHs IJIa3MIHOTEHY Ha MOBEPXHI TPOMOOIIHMTIB,
CTUMYJIbOBAaHUMH Pi3HUMH aroHiCTaMu.

Karw4voBi c¢J10Ba: TpoMOOIIUTH, CKCIIOHOBAHHUIT aKTHH,
IDIa3MiHOTCH, TIPOTOKOBA IIUTOMETPIsT

Poanb IKCIIOHMPOBAHHOI0 AaKTUHA B CBA3bIBAHUU
IJIAa3BMHMHOI'€HAa Ha MeMGpaHe AroHucCT-
AKTUBUPOBAHHBIX TpOMﬁOIII/lTOBI
HUTOMETPHUYECKOE UCCIeI0BAHUE

A. A. Tuxomupos, /. 1. ’KepHocekos,
T. B. I'punenko

Leab. BeissicHUTH CLIOCOOHOCTH aKTHHA, KOTOPBII IKCIIO-
HUPYETCs Ha MIOBEPXHOCTH TPOMOOIINTOB, aKTHBUPOBAH-
HBIX Pa3JIMYHbIMU arOHUCTAaMHU, CBS3bIBATh IJIA3MUHOIEH.
Mertonabl. OTMBITBIE TPOMOOIUTHI YeTIOBEKa MOITyYau C
riomonipio renb-hunsTpari Ha Cedapoze-2B. Kommaect-
BEHHYIO OLIEHKY SKCIIOHMPOBAHMS aKTHHA HA BHEILIHEH
MMOBEPXHOCTH MHTAKTHBIX TPOMOOIIUTOB H TPOMOOIIUTOB,
AKTHBHPOBAHHBIX TPOMOWHOM HITH KOJIIATCHOM, POBO-
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JIWJIH C HUCIOJIb30BAHMEM MPOTOYHOU IIUTOMETPHH.
Cesi3p1BaHNe (DITyOPECIIEHTHOTO KOHBIOTATa TUIa3MHUHO-
res-FITC (Pg-FITC) ¢ TpombornuTamu, 00paboTaHHBIMHU
AHTHUTEJIAMHU [TPOTUB aKTUHA WK HeuMyHHbIMU [gG (KOH-
TPOJIb), AaHATU3UPOBAIIU [IUTOMETPUUECKH. Pe3yIbTarhl.
Brmsinue TpoMOMHA 1 KoJUTareHa MPUBOIUIIO K MOSIBIICHUIO
Ha BHEITHEH CTOPOHE [1a3MaTHIeCKON MEeMOpPaHbI TPOM-
OOIMTOB aKTHHA, KOJIMYECTBO KOTOPOTO 3aBUCEJIO OT KOH-
LICHTpaIu aroHucToB. [IpeaBapurenibHas oOpaboTKa
AKTUBUPOBAHHBIX TPOMOOIIUTOB CrIEIU(DUUSCKIMHU aHTH-
TeNlaMH MPOTHB aKTHHA B 3HAYNUTEIBHOMN CTENEHH MPEI0T-
Bpataa cszbiBanne Pg-FITC ¢ moBepxHOCTBIO TPOMOO-
uuTOB. BbIBO/IBI. Pe3yibrarhl MpeiCTaBIeHHOrO HUCCIie-
JIOBaHMS YKa3bIBAIOT HA BOBJICUEHHE YKCIIOHUPOBAHHOTO
aKTHHA B CBSI3bIBAHUE IJIA3MHHOTCHA HA TIOBEPXHOCTH
TPOMOOILIUTOB, CTUMYJIMPOBAHHBIX PA3THYHBIMH ArOHH-
CTaMH.

KiawuyeBbie €J10Ba: TpPOMOOIUTHI, SKCIOHUPOBAHHBIH
aKTHH, TUIa3MUHOTEH, IPOTOYHAsI IIUTOMETPUS
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