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PAI-1 (plasminogen activator inhibitor type 1), as a major physiological inhibitor of tissue plasmi-
nogen activator and urokinase, plays a key role in the regulation of fibrinolysis in vivo. Besides, PAI-1 sup-
presses plasmin formation and affects cell migration through interaction with vitronectin. PAI-1 is secreted
from o-granules of platelets upon stimulation of cells by agonists. The aim of our study was to explore the
effects of Glu- and Lys-forms of plasminogen on PAI-1 secretion by platelets and to evaluate the possible
role of plasminogen in modulation of agonist-induced PAI-1 release. The secretion of PAI-1 by platelets was
investigated by the Western blot analysis. It has been established that depending on the agonist, PAI-1 can
be released from platelets in a free form, in a complex with a tissue plasminogen activator, as well as in the
form of high-molecular complexes that contain a tissue activator and vitronectin molecules. The revealed
induction of PAI-1 secretion under the action of Gly- and Lys-forms of plasminogen indicates their ability to
activate intracellular signaling pathways that regulate the release of platelet a-granules. Our findings may
be of importance for elucidating the pathogenetic mechanisms of many diseases associated with abnormally
enhanced platelet function and PAI-1-related disorders.
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T he plasminogen/plasmin system is a mul-
ticomponent, finely regulated enzymatic
system, which comprises the central serine
protease plasmin (EC 3.4.21.7), its proenzyme plas-
minogen, plasminogen activators and several inhibi-
tors. Plasminogen activator inhibitor type 1 (PAI-1)
is a major endogenous inhibitor for both physiologi-
cal plasminogen activators, t-PA (a tissue type acti-
vator, EC 3.4.21.68) and uPA (urinary-type activator,
or urokinase, EC 3.4.21.31). PAI-1 is a member of the
serpin superfamily of inhibitors. PAI-1 is a glyco-
protein composed of 379 amino acid residues with
apparent molecular weight of 48 kDa [1]. Besides
fibrinolysis, PAI-1 is involved in the development of
tissue fibrosis by suppressing the formation of plas-
min. It is known that plasmin hydrolyzes proteins of
the extracellular matrix (ECM), such as fibronectin,
laminin, proteoglycans, type IV collagen, and acti-
vates latent forms of metalloproteinases (MMPs) and

transforming growth factor B (TGF-B), mediates the
release of fibroblast growth factor (FGF), and vascu-
lar endotheliocyte growth factor (VEGF) [2]. Conse-
quently, PAI-1 can prevent ECM degradation/tissue
remodeling and reduce the activation of growth fac-
tors by lowering plasmin amounts. Also, PAI-1 acts
as cellular pro-migration factor, which contributes
to the migration of pro-inflammatory cells and sup-
ports migration of cancer cells resulting in metasta-
sis formation. It has been demonstrated that PAI-1
is able to promote cell migration both through uPA/
UPAR-dependent manner as well as via alternative
mechanism by regulating LRP-1 Jak/Statl signaling
events that enhances cell migration [3]. PAI-1 is clas-
sified as an acute phase protein. An increase in the
plasma level of PAI-1 is considered as unfavorable
prognostic marker for thrombosis risk in cardiovas-
cular and oncological diseases [4]. At the same time,
absence or deficiency of inhibitor is accompanied by
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the risk of hemorrhage conditions and may result in
excessive bleeding [5]. It has been revealed that the
level of PAI-1 in the blood plasma directly correlates
with the degree of insulin resistance and can be used
as a prognostic index for the development of type Il
diabetes mellitus [6].

PAI-1 is synthesized by several different cell
types, including endotheliocytes, hepatocytes,
monocytes, macrophages, adipocytes of visceral adi-
pose tissue, and megakaryocytes, but to what extent
these tissues contribute to plasma PAI-1 levels has
been widely discussed [7]. However, approximately
90% of all circulating PAI-1 is stored in a-granules
of platelets, which are able to deliberate inhibitor
during agonist-mediated activation of platelets via
distinct receptors and signaling pathways [8]. More-
over, PAI-1 is one of the proteins, which can be syn-
thesized by platelets de novo due to the presence of
megakaryocyte-derived mRNA and the machinery
to translate proteins [9].

It has been described that plasminogen can be
harbored by platelets, stored within their a-granules,
released and exposed on the surface of agonist-
stimulated platelets via binding with several recep-
tors [10]. Plasminogen activation rates by t-PA are
enhanced by binding with platelet surface to drive
local fibrinolysis. However, our recent data suggest
that plasminogen may, in turn, reciprocally regulate
the functional activity of platelets, reducing their
susceptibility to agonists and, thus, limiting their
ability to aggregate. It has been shown that Lys-plas-
minogen (a partially degraded form of zymogen) in
contrast to Glu-form (the native form of zymogen),
selectively suppresses aggregation of human platelets
induced by ADP, thrombin, or collagen, but does not
affect ristomycin-dependent aggregation [11]. It has
been established for the first time that Lys-plasmino-
gen prevents agonist-induced reorganization of the
actin cytoskeleton of platelets and reduces thrombin-
induced secretion of P-selectin from a-granules [12].
These data prompted our group to explore if plas-
minogen can be involved in the regulation of PAI-1
levels in plasma by modulating its release from
platelets. Thus, the aim of our study was to explore
the effects of Glu- and Lys-forms of plasminogen on
the secretion of PAI-1 from platelets and evaluate the
possible role of plasminogen in modulating agonist-
induced platelet-derived PAI-1 release.
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Materials and Methods

Glu-plasminogen was isolated from fresh cit-
rated donor blood plasma, Lys-plasminogen was
purified from blood plasma fraction I1I, , by Cohn
with the use of affinity chromatography on Lysine-
Sepharose as described elsewhere [13]. To inac-
tivate spontaneous proteolytic activity, Glu- and
Lys-plasminogen preparations were treated with
the proteinase inhibitor 4-nitrophenyl-4-guani-
dinobenzoate hydrochloride (10 M). The reaction
mixture, V~2.0 ml, was incubated at 4°C overnight.
Then, dialysis was carried out against 0.05 M Tris
HCI buffer, pH 7.4, with 0.15 M NaCl with seven
times replacement of the buffer solution. The presen-
ce of residual spontaneous activity was monitored
using chromogenic substrate for plasmin — S2251
(H-D-Val-L-Leu-L-Lys-p-nitroanilide). The follow-
ing reagents were added to the wells of a microplate
(Greiner Bio One, Germany): 0.75 pg Glu- either
Lys-plasminogen (10 pl), 0.05 M tris-HCI buffer,
pH 7.4, with 0.15 M NaCl containing 3 mM S2251
(0.24 ml). The reaction was developed at 37°C. Since
4 h after adding the substrate, the absorption level of
released p-nitroaniline was measured with the use of
a microplate reader (Thermo Multiskan EX, China)
at 405 and 495 nm. It was less than 0.05 o.u.

DesAB fibrin was prepared from bovine fi-
brinogen in the presence of a factor Xllla inhibitor
(4-(hydroxymercury) sodium benzoate) and 0.1 M
6-aminohexanoic acid as described earlier [14]. Rab-
bit polyclonal specific antibodies against t-PA were
produced according to the described protocol [15].
The purity of the resulting protein preparations was
controlled using SDS-PAGE [16].

Platelet-rich plasma (PRP) was isolated from
donor whole blood containing sodium citrate as an
anticoagulant (3.8%) in a 9:1 ratio. The plasma was
centrifuged at 160 g for 20 min at 20°C. Aliguots of
PRP were removed, and the remainder was centri-
fuged at 200 g and room temperature for 20 min to
obtain washed platelets. The cell pellet was resus-
pended in platelet washing buffer (20 mM HEPES,
pH 6.8, 0.137 M NaCl, 4 uM KCl, 0.2 uM MgCl,
containing 0.2% glucose and 0.2% BSA). The cell
suspension was centrifuged again under the same
conditions and resuspended in platelet washing
buffer the volume of which was %2 the volume of PRP.
The number of cells and their aggregation properties
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were determined using a “SOLAR AT-02”(Republic
of Belarus) aggregometer. For aggregation assay, the
samples containing 300-350.000 platelets per pl were
taken. Informed written consent was obtained from
all donors before their participation in the study. The
investigation conforms to the principles outlined in
the latest revision of the Helsinki Declaration.

To determine the activity of PAI-1 in PRP be-
fore and after stimulation of platelets with thrombin,
agonist (1 NIH unit/ml, Sigma, USA) was added
to PRP, which contained 107 cells in the volume of
0.3 ml, and incubated for 10 min at 37°C. After in-
cubation, platelets were separated by centrifugation
for 20 min at 200 g at room temperature. Then, the
supernatant was used for analysis. For PAI-1 activity
evaluation, the following reagents were added to the
wells of a microplate (Greiner Bio One, Germany):
t-PA (Actilyse®, Boeringer Ingelheim GmbH, Ger-
many) — 10 pl (0.5 TU); PRP collected before and
after incubation with thrombin (10 pul). Each sam-
ple was measured in triplicate. The reaction mixture
was kept for 10 min at 25°C. Then, 12.5 pg of Glu-
plasminogen (10 ul), 30 ug of desAB fibrin (10 ul),
and 0.05 M tris-HCl buffer, pH 7.4, containing 3 mM
chromogenic substrate for plasmin S2251 (H-D-Val-
L-Leu-L-Lys-p-nitroanilide) (210 ul) were added.
No plasma was added to the control wells. The total
volume of the reaction medium was 0.25 ml. The
reaction was developed at 37°C, and 60 min after
adding the substrate, the absorption level of released
p-nitroaniline was measured with the use of a micro-
plate reader (Thermo Multiskan EX, China) at 405
and 495 nm.

Immunochemical detection of PAI-1 both in a
free form and as a part of protein complexes in plate-
let releases and lysates was made by western blot
analysis with the use of primary polyclonal antibo-
dies to PAI-1 (Thermo Fischer scientific, USA, cata-
log no. 13801-1-AP), vitronectin (Thermo Fischer
scientific, USA, catalog no. 720229) and t-PA, which
were obtained previously [15]. Electrophoretic sepa-
ration of proteins was carried out in 8% SDS-PAGE.
Samples were transferred onto nitrocellulose mem-
branes (GE Healthcare Amersham, UK) by elec-
troblot in 0.0125 M Tris-HCI and 0.198 M glycine
buffer, pH 8.3, containing 20% methanol at a cur-
rent of 180 mA for 90 min. The membranes were
washed twice in 0.05 M Na-phosphate buffer with
0.13 M NaCl, pH 7.4, containing 0.05% Tween-20
(PBST). Sites of nonspecific sorption of antibodies
were blocked during overnight incubation of mem-

branes in 3.5% solution of non-fat skim milk (Car-
nation, USA) in PBST at 4°C. After blocking, the
blots were incubated with primary antibodies di-
luted 1:3,000 in PBST containing 3.5% skim milk
overnight at 4°C. After washing five times in PBS,
the membranes were probed with the appropriate
anti-species antibodies (goat anti-rabbit IgG, con-
jugated with horseradish peroxidase - HRP, Sigma,
USA, catalog no. A0545) 1:7,500 diluted in PBST
containing 3.5% skim milk for 90 min at 37°C. Af-
ter incubation, non-specifically adsorbed antibod-
ies were washed out five times in the same buffer
solution. Immunoreactive bands were developed on
X-ray films by enhanced chemiluminiscence (ECL)
approach, using 0.25 M solution of luminol in di-
methyl sulfoxide, 0.09 M solution of coumaric acid
in dimethyl sulfoxide, and 0.0035% H,O, mixed in
0.1 M Tris-HCI, pH 8.5, or using 0.05 M Tris-HCI
buffered saline, which contained a HRP substrate
and chromogen (0.01% H,O, and 0.05% diami-
nobenzidine tetrahydrochloride, respectively). After
immunostaining was developed, the films or mem-
branes were scanned to obtain a digital image.

Data of quantification analysis were expressed
as mean (M) + standard error of the mean (m). Dif-
ferences between mean values were evaluated by
Student t-test and considered statistically significant
at P < 0.05. All statistical calculations and graphic
design were made with the use of OriginPro soft-
ware version 9.0.

Results and Discussion

Free form of PAI-1 can exist in active or latent
forms, but only active form of PAI-1 is able to form
a complex with t-PA, thus regulating its activity and
rate of fibrinolysis. The active form of PAI-1 is un-
stable and spontaneously turns into a stable latent
form, the half-life of which is 1-2 h at 37°C. Platelets
have a mechanism, which allows them preserving
PAI-1 in the active configuration for a longer time.
Several lines of evidence indicate that at least 50-
70% of platelet-derived PAI-1 are retained in a func-
tionally active state on the membrane of stimulated
platelets via a fibrin/integrin o, bB,-mediated mecha-
nism and are able to bind t-PA [17]. This process has
an outstanding significance for normal hemostasis
function due to direct participation of platelets in
preserving fibrin clot from premature lysis by plas-
min to maintain thrombus integrity. On the other
hand, excessive production of PAI-1 by platelets en-
hances resistance of platelet-rich blood clot to both
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endogenous and pharmacological thrombolysis that
increases a risk for cardiovascular events [18]. The
mechanisms of PAI-1 release from a-granules and
its interactions with other plasma or platelet-derived
proteins are controversial. Thus, the results of the
previous studies [19, 20] showed that only 5-10% of
the total platelet pool of PAI-1 effectively binds and
inhibits t-PA in plasma. At the same time, Brogren
et al., using the methods of Western blot analysis
and scintigraphy, established that more than 50% of
platelet PAI-1 exists in the active conformation [21].
Taking into account the given data, at the first stage
of our study, we evaluated if thrombin stimulation
of platelets might change the level of PAI-1 in blood
plasma. This investigation was performed with the
use of amidolytic method for the evaluation of func-
tionally active PAI-1. Briefly, an excessive amount
of exogenous t-PA was added to the plasma sample
containing the inhibitor. After the formation of an
equimolar PAI-1-t-PA complex, the activator re-
maining outside the complex converts plasminogen
into plasmin on the surface of desAB fibrin. The re-
sulting enzyme hydrolyzes S2251 with the release of
p-nitroaniline, the amount of which is detected spec-
trophotometrically. The inhibitory activity of PAI-1
is determined with the help of calibration curve. A
calibration curve is constructed based on the activi-
ty of the tissue activator (0-75 1U/ml). Based on the
final activity of t-PA, the activity of PAI-1 is calcu-
lated as equivalent to the activity of inhibited t-PA
[22].
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Fig. 1. Activity of PAI-1 in donor blood plasma: I —
platelet-poor plasma, 2 — platelet-rich plasma, 3 —
platelet rich plasma after the addition of thrombin
(n = 3 in each group)
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According to the literature data, the level of
PAI-1 activity in plasma varies from 11 to 15 units/
ml [23]. In the plasma samples analyzed in our study
(n = 3), the mean PAI-1 activity was about 15 1U/ml.
In the samples of platelet rich plasma (PRP), inhibi-
tor activity was found at the same level. However,
incubation of PRP with thrombin (1.0 units of NIH/
ml per 0.3 ml of plasma containing 1x107 platelets),
which causes platelet stimulation, promoting secre-
tion of PAI-1, resulted in an increase in inhibitory
activity by 27% (P < 0.05) (Fig. 1).

The obtained results indicate that platelet acti-
vation leads to a significant elevation of inhibitory
activity in the blood plasma in relation to the plas-
minogen tissue activator. It can be hypothesized that
the release of PAI-1 by agonist-stimulated platelets
can be one of the mechanisms for the physiological
and pharmacological resistance of thrombi enriched
by platelets against proteolysis. Western blot analysis
was used to determine active PAI-1 in the releasates
of thrombin-activated platelets, which is secreted by
platelets upon stimulation and capable of forming
complexes with t-PA and vitronectin. Vitronectin is
one of the major adhesive plasma proteins and plays
a role as a component of the extracellular matrix
[24]. Like most adhesive proteins, vitronectin has an
RGD sequence that is responsible for binding ligands
to integrin receptors [25]. It is known that PAI-1 is
stored in the a-granules of platelets in a complex
with vitronectin [26]. Using electron microscopy
and FITC-labeled proteins, it has been earlier shown
that after the activation of platelets and the release of
their a-granules, this complex is located on the plate-
let membrane, where vitronectin interacts with the
cytoskeletal protein vimentin, which is exposed on
the surface of activated platelets [27]. For the detec-
tion of PAI-1 complexes with t-PA or vitronectin in
our experiment, washed platelets were activated by
thrombin in the presence of exogenous t-PA, taken
in an equimolar amount to platelet PAI-1, with or
without the addition of blood plasma as a source of
vitronectin. Plasma (10 pl) or an equal volume of
0.05 M Tris-HCI buffer, pH 7.4, with 0.13 M NacCl,
t-PA (400 ng) and thrombin (1 NIH unit/ml) were
added to the suspension of platelets (4x108). The fi-
nal volume of the incubation mixture was 0.08 ml.
After 10 min of incubation at 37°C, platelets were
sedimented by centrifugation at 250 g for 20 min
at 37°C. The supernatant (platelet releasate), which
contains proteins released during agonist-induced
cell degranulation, was collected and immuno-
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chemical detection of proteins was carried out by
probing with monospecific antibodies against t-PA
in Western blot. As depicted in Fig. 2, polypeptide
bands with a molecular weight of about 110 kDa are
identified by antibodies to t-PA in platelet releasates
(line 3), which may correspond to the t-PA-PAI-1
complex. In platelet lysates obtained in the presence
of plasma (line 4), an additional band with a mo-
lecular weight of about 180 kDa was discovered,
which may correspond to the t-PA-PAI-1-vitronectin
complex. Thus, with the help of antibodies to t-PA,
it was shown that PAI-1 is secreted in an active form
upon stimulation of platelets by thrombin and can
form complexes with exogenous t-PA and plasma
vitronectin.

At the next step, we studied the release of PAI-1
and its complexes with other proteins during the ac-
tivation of platelets by various agonists and verified
the ability of plasminogen to affect the secretion of
the inhibitor. To do this, t-PA (150 ng) was added to
the incubation mixture containing platelets (0.3 ml,
3x108 platelets) to detect functionally active PAI-1.
Next, one of the agonists was added as follows,
thrombin (1 NIH unit/ml), collagen (1.25 mg/ml), or
ADP (5 mM). After 10 min of incubation at 37°C,
the supernatant (platelet releasates) was separated
from the cells by centrifugation at 250 g and 37°C
for 20 min. Immunochemical detection of proteins in
platelet releases was performed by immunoblotting
using monospecific polyclonal antibodies to t-PA or
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Fig. 2. Typical blotogram of platelet proteins re-
leased by thrombin-stimulated platelets (3-10® in
each sample) in the presence of t-PA (polyclonal
antibodies against t-PA): 1 — markers of molecular
weights, 2 — t-PA standard, 3 — platelet releasates,
4 — platelet releasates in the presence of blood plasma
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Fig. 3. Western blot analysis of platelet proteins
released by agonist-stimulated platelets (3-10% in
each sample) in the presence of t-PA (polyclonal
antibodies against t-PA): 1 — markers of molecular
weights, 2 — t-PA standard, 3 — resting platelets, 4 —
thrombin-activated platelets, 5 — collagen-activated
platelets, 6 — ATP-activated platelet

PAI-1 as described above. Visualization of protein
zones was done in a solution of horseradish peroxi-
dase substrate (0.05% 4-chloro-a-naphthol) in 0.05
M potassium phosphate buffer (pH 6.0) with 0.06%
H,O,. To study the modulating effect of plasmino-
gen on the agonist-stimulated secretion of PAI-1,
Glu- or Lys-plasminogen (1 uM) was added to the
suspension of platelets prior to obtaining releasates.
A blotogram of proteins identified by antibodies to
t-PA in platelet releasates obtained in the presence of
t-PA when cells were activated by different agonists
is presented in Fig. 3. No protein immunoreactive
bands are observed in the releasates of non-activated
(resting) platelets, which served as a control (line 3).
When platelets were activated by thrombin and col-
lagen (lines 4 and 5, respectively), polypeptide bands
with a molecular weight of about 70 and 110 kDa
are identified, which corresponds to the molecular
weight of the tissue activator and the PAI-1-t-PA
complex. However, in the releasates produced by
ADP-stimulated platelets, single band of ~ 70 kDa is
visualized (line 6).

Further, platelet releasates obtained during cell
activation by thrombin or collagen alone or after
pretreatment of platelets by Glu- or Lys-plasmino-
gen, were analyzed by western blot with the use of
antibodies against PAI-1. In parallel, proteins from
platelet supernatant samples obtained after 10 min
incubation of cells with Glu- or Lys-plasminogen
(I uM) without any stimulation with agonists were
also examined. Fig. 4 presents a blotogram of pro-
teins recognized by antibodies to PAI-1 in releasa-
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tes of platelets exposed to Glu- or Lys-plasminogen
(lines 3 and 4, respectively), stimulated by thrombin
(line 5), or activated by thrombin after pretreatment
with Glu- or Lys-plasminogen (line 6 and 7, respec-
tively).

The blotogram shows that upon platelet activa-
tion by thrombin (line 5), PAI-1 is detected in free
form (~50 kDa) and as a ternary complex of PAI-1-t-
PA—vitronectin (~180 kDa). On the contrary, PAI-1 is
detected only in the composition of high-molecular
complexes (~180 kDa) in the releasates of collagen-
stimulated platelet (Fig. 5). The obtained results sup-
port the paradigm that platelet activation by different
agonists triggers various intracellular signaling
pathways and induces diverse cellular responses
depending on activation of specific receptors. It is
known that collagen activates platelets through gly-
coprotein VI, ADP interacts with platelets via their
purinergic receptors P2Y1 and P2Y12, while throm-
bin acts by cleaving proteinase-activated receptors
(in humans, PAR1 and PAR4) [28].

The effect of plasminogen on the platelet se-
cretion appeared to be to some extent unexpected.
Both the native zymogen, or Glu-form, and its par-
tially truncated (Lys-) form induced the release of
PAI-1 even in the absence of agonists. This fact is
supported by the presence of protein band, which is
correspondent to PAI-1 with M_ of about 50 kDa,
visualized on the blotogram (Fig. 4, lines 3 and 4).
In addition, plausible complexes of the inhibitor

1 2 3 4 5 6 7
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Fig. 4. Effects of Glu- and Lys-forms of plasmino-
gen on the release of PAI-1 by thrombin-stimulated
platelets (2:108 in each sample) (results of western
blot analysis of platelet releasates): 1 — markers of
molecular weights, 2 — resting platelets, 3 — Glu-
plasminogen-treated platelets, 4 — Lys-plasmi-
nogen-treated platelets, 5 — thrombin-stimulated
platelets, 6 — Glu-plasminogen-pretreated throm-
bin-stimulated platelets, 7 — Lys-plasminogen-pre-
treated thrombin-stimulated platelets
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Fig. 5. Effects of Glu- and Lys-forms of plasmino-
gen on the release of PAI-1 by collagen-stimulated
platelets (4-108 in each sample) (results of western
blot analysis of platelet releasates): 1 — markers of
molecular weights, 2 — resting platelets, 3 — colla-
gen-stimulated platelets, 4 — Glu-plasminogen-pre-
treated collagen-stimulated platelets, 5 — Lys-plas-
minogen-pretreated collagen-stimulated platelets

with tissue activator (M_ ~110 kDa) and vitronectin
(M, ~180 kDa) are detected in the platelet releasa-
tes obtained during the incubation of platelets with
Glu-plasminogen, while treatment of platelets with
Lys-plasminogen produced complexes of the inhibi-
tor only with t-PA. Plasminogen also enhanced the
secretion of PAI-1 upon activation of platelets by
thrombin (Fig. 4, lines 6 and 7) that may indicate
the synergism of the action of the agonist and proen-
zyme. These results are in good agreement with the
data obtained earlier in our laboratory [29]. Using
flow cytometry with application of antibodies to
vitronectin, it was shown that treatment of washed
resting platelets by Lys-plasminogen increased the
number of vitronectin-positive cells.

Typical blotograms of vitronectin detection
in platelets lysates and releasates are depicted in
Fig. 6. The polypeptide band of 180 kDa, which cor-
responds to the complex of vitronectin with PAI-1
and t-PA, was revealed in platelet releasates as a
result of action of all tested agonists (Fig. 6, A). In
the samples of platelet lysates, the corresponding
band is observed in the case of action of Glu- and
Lys-plasminogen, but is absent after the activation
of platelets by thrombin or collagen, that indicates a
complete deliberation of the complex under the ac-
tion of strong agonists and only a partial release by
plasminogen-exposed platelet (Fig. 6, B). It should
be noted that vitronectin (75 kDa) is detected in
the releasates of platelets treated by Glu- or Lys-
plasminogen, while this protein is absent in platelet
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lysates, which indicates its complete exocytosis from
a-granules due to the action of both forms of plas-
minogen.

It is known that plasminogen molecule consists
of several structural domains, including NH2-ter-
minal PAN/apple domain, five kringle domains (K1-
5), and a serine proteinase domain, which contains
a catalytic triad of amino acid residues of His603,
Asp646, and Ser741 [30]. Plasmin may cleave one
of the three peptide bonds formed by Arg68, Lys77
or Lys 78 in Glu-plasminogen molecule, resulting
in the appearance of a partially truncated form of
zymogen, which is referred to as Lys-plasminogen.
The NH2-terminal domain of plasminogen shares
structural homology with the PAN/apple domain of
hepatocyte growth factor, in the molecule of which
it binds with the kringle 1. The interaction of the
PAN/apple domain of this growth factor with hepa-
rin leads to its activation and binding to c-met recep-
tor [31]. Earlier obtained data and the results of our
experiments suggest that the NH_-terminal domain
of plasminogen may play a special biological role in
the regulation of PAI-1 secretion by platelets.

Therefore, our study uncovered for the first
time a novel function of plasminogen, which may se-
lectively modulate the release of the functionally ac-
tive pool of PAI-1 from platelets. If these effects have
a functional relevance for thrombi stabilization and
regulation of thrombolysis needs to be further eluci-
dated. Nevertheless, platelets are largely responsible
for the elevation of PAI-1 levels in the elderly and in
a variety of clinical conditions that are typical for
the aging process (e.g., obesity, insulin resistance,
psychosocial stress, decreased immune responses,
increased inflammation, vascular sclerosis/remode-
ling) [32]. Thus, PAI-1 release from platelets may
represent a promising pharmacological target for the
herapy of numerous pathological conditions associ-
ated with abnormally enhanced platelet activation
and formation of prothrombotic states.

Conclusions. Here, the secretion of PAI-1 by
platelets activated by thrombin, collagen, or ADP,
and modulating effects of Gly- and Lys-forms of
plasminogen on platelet exocytosis were studied with
the use of immunochemical assay. It was shown that
PAI-1 can be secreted by platelets in a free form, as

kDa
180 =

130 >
72 >
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Fig. 6. Western blot analysis of vitronectin in plate-
let releasates (A) and lysates (B): 1 — resting plate-
lets, 2 — thrombin-stimulated platelets, 3 — collagen-
stimulated platelets, 4 — Glu-plasminogen-treated
platelets, 5 — Lys-plasminogen-treated platelets
(4-108 in each sample)

a complex with tissue activator (t-PA), and as a part
of high-molecular complexes that consist of t-PA and
vitronectin. It was found that such complexes differ
in composition depending on the nature of agonist. It
was demonstrated that, in addition to PAI-1, platelet
a-granules are loaded with t-PA and vitronectin. In-
duction of PAI-1 deliberation from platelets by Gly-
and Lys-forms of plasminogen indicates its ability to
activate intracellular signaling pathways that regu-
late platelet exocytosis. These findings may have
significant relevance to the pathogenesis of numer-
ous diseases associated with abnormally enhanced
platelet function and PAI-1-related disorders.
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BIIJIUB IJIASMIHOT'EHY
HA BUBIJIBHEHHS PAI-1
TPOMBOUNUTAMMU JIOJUHHAN

O. I. Ocosa™, T. B. I punenxo,
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PAI-1 (imribiTop akTWBaTopa MJIa3MiHOTEHY
tury 1) sk OCHOBHHH (i3i0NOTiUHMIA IHTIOITOP aK-
THBAaTOpa TUIa3MIHOTEHY Ta YpPOKiHAa3W BiJirpae
KJIIOYOBY pOJIb y peryiroBanHi ¢GibpuHOmizy in
vivo. Kpim Toro, PAI-1 mpurtiuyye yTBOpEHHs
MJIa3MiHy Ta BIUIMBAE HA MITPAIif0 KIITHH MUISTXOM
B3aemopii 3 BiTpoHeKTHHOM. PAI-1 cekperyeThcs
3 O-TpaHyJ TPOMOOIHMTIB TpPH iX CTHUMYJIOBaHHI
arorictaMu. MeToro poOoTu OyJo JOCTIAUTH
BB Glu- i Lys-hopMm mrazmiHoreHy Ha cexperriro
PAI-1 TpomOonTamMu Ta 3’5ICYBaTH MOXJIUBY POJIh
MJIa3MiHOTeHY B MOIYJIOBaHHI  1HAYKOBAaHOTO
aronictamu BuBinmbHeHHS PAI-1. Cexpemito PAI-1
TpOMOOLIMTAMH BU3HaYaIu MeTo1oM Bectepu-0iot
aHajizy. BcraHOBI€HO, 1110 B 3aJI€KHOCTI BiJl THITY
aronicta, PAI-1 Moxe BUBITBHATHCS 3 TPOMOOITUTIB
Y BUIBHIH (hOpMi, B KOMIUIEKCI 3 TKAHWHHUM aKTH-
BaTOPOM IIJIa3MiHOTEHY, a TaKOX Y BHUIJISZI BHCO-
KOMOJICKYJIIPHUX KOMIIJICKCIB, IIO MICTSTh TKa-
HUHHUH aKTHUBAaTOpP 1 MOJIEKYJIH BITPOHEKTHUHY.
Bussnena innykuis cekpernii PAI-1 mig miero Glu-
ta Lys-hopMm mimasmiHOTeHY BKa3ye Ha 3[aTHICTh
[AX TPOTEIHIB aKTHBYBATH BHYTPINTHBOKIITHHHI
CUTHAJbHI LUISIXM, SIKI PETyJIOIOTh BUBIIBHEHHS
o-rpaHyn TpoMmOomuTiB. OTpuMaHi pe3ylnbTaTH
MOXYTbh MaTH Ba)KJIMBE 3HAYCHHS AJS 35ICYyBaHHS
MEXaHi3MiB IMMaTOreHe3y PI3HWX 3aXBOPIOBAaHb, SKi
TIOB’5I3aHi 3 HA/IaKTUBAIi€l0 TPOMOOIHUTIB 1 po3ia-
JIaMH, acOLlIMOBaHUMU 3 BUBLILHEHHSIM PAI-1.

Knwuosi cnosa: PAI-1, Tpomborutu,
Glu- 1 Lys-nna3MiHoreH, BITPOHEKTHH, O-T'DAHYIIH.
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