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Aim. Determination of the influence of Glu- and Lys-plasminogen/ plasmin on the platelet aggregation induced
by different agonists. Methods. Platelet aggregometry. Spectrophotometry. Results. We have shown the
inhibitory effect of Lys-plasminogen on human platelet ag- gregation. The pro-enzyme action is related to the
second wave of aggregation. The inhibitory effect of Lys-plasminogen possesses dose-dependent manner in case
of thrombin-induced aggregation. The inhibitory effect of pro-enzyme with ristocetin as an inductor has not been
observed. Glu-plasminogen and plasmin do not influence on platelet aggregation under studied conditions. A
serine protease inhibitor aprotinin does not change the inhibitory effect of Lys-plasminogen. Conclusions. The
results proved the inhibitory effect of Lys-plasminogen on thrombin- and collagen-induced platelet aggregation.
The absence of inhibitory effect of Lys-plasminogen in the case of ristocetin-induced aggregation leads us to
conclusion, that GP Ib/IX is not involved into the inhibited aggregation pathway. The unchanged inhibitory
effect of Lys-plasminogen in the presence of aprotinin excludes plasmin partici- pation in the inhibitory

phenomenon.
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Introduction. Plasminogen/plasmin system parti-
cipates in many physiological and pathogenic pro-
cesses, including fibrinolysis, inflammation and onco-
genesis [1, 2]. Plasminogen can interact with blood
cells, and platelets demonstrate the highest ability of
binding this protein [3].

Under normal conditions the membrane of platelets
serves as a surface for the sorption of plasminogen and
tissue plasminogen activator (TPA). There is an assum-
ption that Glu-plasminogen, circulating in blood, binds
to the platelet membrane and transforms into Lys- plas-
minogen with further formation of plasmin (Fig. 1) [4].
Therefore, the active enzyme can be relatively protect-
ed from its primary inhibitor alpha-2-antiplasmin, and
the platelet surface acquires profibrinolytic properties.
It was demonstrated that the affinity of platelets is three
times higher for Lys-plasminogen compared to its Glu-
form, although the number of sites on the cell surface
for Glu- and Lys-plasminogen is almost the same
(4.1-10" and 5.5-10" sites per cell, respectively) [5]. The
sorption of components of plasminogen/plasmin sys-
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tem on the cell surface influences the functional prope-
rties of platelets, in particular, their aggregation. The
authors of [6, 7] demonstrated that the introduction of
plasmin (1 CU/ml) to the platelet suspension leads to
the stimulation of aggregation. However, other authors
proved a decrease in the aggregation [8—10] when pla-
telets were incubated with plasmin of lower concen-
tration or of the same concentration, but under conditi-
ons of prolonged incubation period (20 min and more).

We have established that, contrary to Glu-plasmi-
nogen, Lys-plasminogen inhibits ADP-induced aggre-
gation in the preparations of platelet-rich plasma [11].
However, only the experiments with washed platelets
may confirm this effect of the proenzyme. In addition, it
is important to establish the mechanism explaining
Lys-plasminogen influence on the platelet surface.

The present work was aimed to study the effect of
components of plasminogen/plasmin system on the ag-
gregation of washed platelets, stimulated by different
agonists.

Materials and Methods. The platelet aggregation
was studied using the preparations of washed platelets,
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Fig. 1 The scheme of plasminogen activation (Pg)

obtained by the modified method [12]. Native washed
platelets were isolated by stage-by-stage centrifugation
of human blood, anticoagulated by the citrate buffer
(100 mM sodium citrate, 80 mM citric acid, 110 mM
glucose) in blood/anticoagulant ratio of 9/1.

Platelet-rich plasma (PRP) was obtained by blood
centrifugation at 1000 rpm for 20 min at room tem-
perature. Then PRP was centrifuged again (1500 rpm,
20 min), platelet precipitate was resuspended in
washing buffer (20 mM HEPES, pH 6.8, 137 mM
NaCl, 4 mM KCI, 0.2 mM MgCl with 0.2 % glucose
and 0.2 % bovine serum albumin (BSA)). Cell suspen-
sion was centrifuged for the second time under the same
conditions and resuspended in the buffer, the volume of
which was 1/2 of PRP volume. The washed platelets
were kept at 37 °C.

Aggregometry was performed during the first three
hours after blood sampling using optic aggregometer
SOLAR AT-02 by the method, described in [13]. The
platelet aggregation was stimulated by thrombin (1
NIH/ml), collagen (1.25 mg/ml) and ristomycin (1.5
mg/ml). The concentration of agonists was selected
according to the recommendations of the work [14].
The aggregation process was registered for 5 min. The
number of platelets in the sample was 300-350
thousand/ul. Before the introduction of stimulator, the
samples were incubated at 37 °C for 3 min to bind the
components of plasminogen/plasmin system with the
platelet surface [3].

The aggregometry data were analyzed using the
Aggregometer 2.01 software package. The degree, time
and rate of aggregation were estimated. The prepara-
tions of Glu-, Lys-plasminogen and plasmin were ob-

tained by colleagues of Palladin Institute of Biochemi-
stry according to [ 15]. The preparations of collagen, ris-
tocetin and thrombin were purchased from Technology
Standard (Russian Federation). Plasmin effect was in-
hibited with an inhibitor of serine proteinase, aprotinin
— preparation "Contriven", Biopharma (Ukraine).

The amount of plasmin in Lys-plasminogen pre-
paration and the possibility of its formation in the reac-
tion mixture during the aggregation of platelets were
determined by registering amidolytic activity of the en-
zyme with chromogenic substrate S2251 (SPA Renam,
Russian Federation).

Results and Discussion. The experiments, perfor-
med on the washed platelets, revealed the inhibitory
effect of Lys-plasminogen on the thrombin- and colla-
gen-induced aggregation (Fig. 2 and 3). In both cases
the level of aggregation decreases at least by two times.
These data prove our previous investigations, which
showed that Lys-plasminogen inhibits ADP-induced
aggregation in PRP and the main effect of this proenzy-
me was observed during the second aggregation wave,
when secretion of platelet alpha-granules occurs [11].

Similar effect we have observed with washed pla-
telets during collagen-induced aggregation. The colla-
gen effect on the platelets is known to be also related to
the second aggregation wave.

Besides, we have studied Lys-plasminogen effect
on ristocetin-induced aggregation, which is realized
through the different mechanism. Ristocetin, binding
with platelet membrane, triggers the association of von
Willebrand factor with the receptor GP Ib/IX and the
following platelet activation and agglutination. We ha-
ve shown that Lys-plasminogen has not inhibited risto-
cetin-induced aggregation in the presence of autolo-
gous blood plasma as a source of von Willebrand factor
(Fig. 4). Therefore, the absence of the proenzyme effect
on ristocetin-induced aggregation indicated the speci-
ficity of Lys-plasminogen action .

We have established a dose-dependent manner of
the inhibitory effect of Lys-plasminogen during the
thrombin-induced aggregation. The most significant in-
hibitory effect of exogenous Lys-plasminogen was ob-
served at the concentration of 1.2 uM (Fig. 5). The
further increase of proenzyme concentration did not
enhance its inhibitory action.
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Fig. 2 The effect of Lys-plasminogen on platelet aggregation, induced
by 1 NIH/ml of thrombin: / — control; 2 — 1.2 pM Lys-plasminogen
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Fig. 4 The effect of Lys-plasminogen on platelet aggregation, induced
by 1.5 mg/ml ristocetin: / — control; 2 — 1.2 pM Lys-plasminogen

Since the preparations of Lys-plasminogen can pos-
sess spontaneous plasmin activity, we studied the effect
of plasmin (1 nM) on thrombin-induced platelet aggre-
gation (the previous incubation with plasmin lasted 3
min). Plasmin concentration was selected according to
its content in the preparation of Lys-plasminogen. The
results of the experiment did not demonstrate any
impact of plasmin on the thrombin-induced aggrega-
tion. This outcome is in a good agreement with the data
of [16] which did not demonstrated any influence of
nanomolar concentrations of plasmin on the thrombin-
stimulated aggregation, when the incubation time did
not exceed 3 min.

Our previous experiments with PRP established
that Glu-plasminogen closed taken at the same concen-
trations as Lys-plasminogen made no influence on
ADP-induced platelet aggregation. Our experiments
with washed platelets confirmed the absence of Glu-
plasminogen influence on thrombin-induced platelet
aggregation. The absence of the inhibitory effect could
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Fig. 3 The effect of Lys-plasminogen on platelet aggregation, induced
by 1.25 mg/ml collagen: / — control; 2 — 1.2 pM Lys-plasminogen
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Fig. 5 The effect of Lys-plasminogen (0.15-1.2 uM) on
thrombin-induced platelet aggregation
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be explained by the closed conformation of Glu-plas-
minogen.

It would be interesting to establish the mechanism
of Lys-plasminogen activity. Probably, the observed
effect is conditioned by the activity of plasmin, formed
due to the activation of Lys-plasminogen on the platelet
surface (as it was stated before, the spontaneous activity
of plasmin in the preparation of Lys-plasminogen does
not affect the thrombin-induced aggregation). If it is
true, the inhibitory effect may be suppressed by the
addition of the inhibitor of serine proteinases. To test
this assumption, we have carried out a number of expe-
riments with the inhibitor of serine proteinases, apro-
tinin. It was shown that aprotinin in the concentration of
5.5 IU/ml completely inhibits the plasmin proteolytic
activity in both Lys-plasminogen preparation and incu-
bation mixture. The introduction of aprotinin (5.5
IU/ml) to the reaction mixture does not influence the
inhibitory effect of Lys-plasminogen on the thrombin-
induced aggregation of platelets (Fig. 6). It should be
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Fig. 6 The effect of aprotinin on the inhibition of thrombin-induced
platelet aggregation by Lys-plasminogen: / — control; 2 — platelet
aggregation in the presence of aprotinin (5.5 IU/ml); 3 -
Lys-plasminogen (1.2 uM) in the presence of aprotinin

noted that this concentration of aprotinin does not in-
hibit the platelet aggregation. Therefore, the partici-
pation of plasmin in the realization of the inhibitory
effect of Lys-plasminogen appears impossible.

On the other hand, Lys-plasminogen may bind
some protein components — fibrinogen, thrombospon-
din and vitronectin, which are released during the se-
cretion of alpha-granules and and condition aggrega-
tion properties of activated platelets. For example, it is
known that fibrinogen forms the bonds between pla-
telets using activated integrin IIbllla. Although fib-
rinogen does not interact with plasminogen in plasma,
there is a suggestion that Lys-plasminogen may bind
fibrinogen, immobilized on the platelet membrane and
impede the formation of platelet aggregates. Thromb-
ospondin is secreted from the activated platelets and
remains bound to the platelet membrane due to the
presence of its specific receptor CD47. Thrombo-
spondin is known for its ability to bind plasminogen. It
was recently demonstrated that it is an important
component, influencing the efficiency of collagen- and
thrombin-induced adhesion of washed platelets [17].
There is a suggestion, that thrombospondin promotes
platelet aggregation and fibrinogen binding due to the
integrin IIbllla activation. And, finally, we can't
exclude a possible role of vitronectin in the observed
effect of Lys-plasminogen. Contrary to vitronectin of
plasma, vitronectin of platelets, secreted during the
activation, is a required component for efficient aggre-
gation. The animals with vitronectin-deficient platelets
did not have the second aggregation wave [18]. The
structure of vitronectin contains the sites, responsible

for binding to plasminogen. It is probable that the
blocking of these sites by exogenous Lys-plasminogen
inhibits the platelet aggregation.

However, in spite of all these speculations, the
precise mechanism of the inhibitory effect of Lys- plas-
minogen may be elucidated only after further additional
investigations.

Conclusions. It was first determined that Lys- plas-
minogen has the inhibitory effect on the aggregation of
washed platelets, stimulated by thrombin and collagen.

The absence of the proenzyme influence on ristoce-
tin-induced aggregation indicates that Lys-plasmino-
gen does not affect the aggregation through GP Ib/IX.

We established a dose-dependent manner of the
inhibitory effect of Lys-plasminogen on the platelet
aggregation. The most significant effect is observed at
the concentration of Lys-plasminogen of 1.2 uM.

Glu-plasminogen and plasmin do not influence the
platelet aggregation under experiment conditions.

The inhibition of platelet aggregation by Lys-pla-
sminogen in the presence of aprotinin makes it impo-
ssible for plasmin to participate in the realization of the
inhibitory effect of zymogene.
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BrumuB ruazmiHoreny/mia3Midy Ha arperauiity

3JIaTHICTh TPOMOOIUTIB

Incturyt G6ioximii iM. O. B. [Tannanina HAH Ykpainn
Byu. JleonToBunua, 9, Kuis, Ykpaina, 01601

Pestome

Mema. Busnauumu ennug I'ny- i JIiz-hopm nnasminoeeny ma niasminy
Ha acpezayito mpomooyumis, iHOyKosany pisHumu azonicmamu. Me-
moou. Aepecamomempis. Cnexmpogomomempis. Pezynomamu.
Ompumano 0ani wooo ineibysanvroeo enausy Jlis-niazminoeeny na
azpezayito iomumux mpomboyumis ar0ounu. Jito npoghepmenmy
cnocmepizanu na Opyeitl xeuni azpezayii mpomboyumis. [lokazano 0o-
303aNeHCHULL Xapakmep 1020 [H2iby8anbH020 ehekmy Ha azpezayiio
mpomooyumie, cmumyabo8aHux mpomoinom. Pucmomiyun-indyrkosa-
Ha azpe-2ayis He npucHivyemuca JIiz-naazminozenom. I ny-niazmino-
2eH [ NJa3MiH He 8NIUBAIOMb HA (DYHKYIOHANbHI 61aCMUBOCIT KAIMUH
3a ymog excnepumenmy. Ineidimop cepunogux npomeinasz anpomumin
He enaueac Ha egexm iHeibyeanHs acpezcayii Jli3-niazmino2eHoM.
Bucnosku. Bnepuie 6cmanosneno ineioysanvruti enaus JIiz-naasmino-
2eHy Ha azpe2ayilo mpomoOoyumis, CImumMyibO8aHux MpoMOiHOM i Ko-
nazenom. Biocymuicme 0ii npoghepmenmy na aepezayito, inoyKosany
pucmomiyunom, éxaszye Ha me, wo Jliz-nnazminozen ne éniusae Ha
JNaHKy aepeza- yii, sika peanizyemscs 3a yuacmi I'T1 Ib/IX. Inei6ysanns
Jliz-nnasminozeHom azpezayii mpomooyumis 3a nPUCymHocmi anpo-
MUHIHY POOUMb HEMOMCIUBOK) YYACMb NIAASMIHY 6 peanizayii iH2ioy-
BANLHO20 eheKmy 3UMOo2eH).
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Knrouosi crnosa: azpecayis 8iomumux mpomboyumie, niasmiHO2eH,
NaAasMmiH.

A. M. Poxa-Mouis, JI. /1. ’Kepnocekos, T. B. I punenxo

BiusiHue m1a3MHHOTEHA/TIIa3MUHA Ha arperalioHHbIC

CBOMCTBa TPOMOOLIUTOB

Pestome

Lenv. Usyuyums erusnue I'ny-, Jluz-popm naasmurozena u naazmuna
Ha azpeeayuio mpomOOYUmos, UHOYYUPYyemyo pasiuiHblMu a2o0HUC-
mamu. Memoowt. Aepecamomempus. Cnekmpogomomempus. Pe3ynp-
mambul. [lonyuenst oannvie 06 unzubupyrowem erusnuu Juz-niazmu-
HO2EeHA HA azpe2ayuio OMMbIMbIX MPoMOOYUMoes yerosexa. Jeiicmsue
npoghepmenma nposeAIOCy 60 peMs 6mopot 60aHbL acpecayuu. 1lo-
Ka3an 00303a6UCUMbLI XAPAKMep €20 UHSUOUpPosanus azpeeayuu
MpoMOOYUMOB, CIMUMYTUPOBAHHBIX MPOMOUHOM. Pucmomuyun-unoy-
yuposannas acpezayus ne nooasnsemcs Jlus-niasmunoeenom. Iy-
NAA3MUHOREH U NIAA3MUH He GAUAIONM HA (YHKYUOHAbHbIE CBOUCMEA
KAEMOK 8 YCa08UsAX dKcnepumenma. Mueubumop cepunoswix npomeu-
HA3 ANPOMUHUN He U3MEHsIem XapaKkmepa UHeuouposanus azpeeayuu
Jluz-nnazmurnozenom. Bo16oodwt. Bnepgvie ycmarnognien uneubupyroujuil
appexm Jluz-nnazmunoeena na azpe2ayuio mpomooyumos, Cmumyiu-
POBAHHBIX MPOMOUHOM U KojrazeHom. Omcymemeue GAusHUsL npo-
pepmenma na pucmomMuyuH-uHOYYUPOBAHHYIO AepeLayuio yKa3vledem
na mo, umo Jluz-niasmunocen ne oeticmgyem Ha nymo azpe2ayui, pe-
anuzyemviil npu yuacmuu I'TIb/IX. Hneubuposanue Jluz-niazmunoee-
HOM azpeeayuu mpomMOOYUmMos 8 NPUCYMCcmeuy anpomuHUHa UCKIIO-
uaem yuacmue nAazMuna 8 peanuzayuu uHeuoupyoue2o spgexma.

Kniouesvie cnosa: azpezayus ommulmelx mpomooyumos, niazmu-
HO2€eH, NAAZMUH.
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