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The study of reciprocal interactions between the plasminogen/plasmin system and the platelet compo-
nent of hemostasis is necessary both for understanding the biochemical mechanisms regulating the pro-
cesses of thrombosis and thrombolysis and for elucidating the role of platelets in angiogenesis.

Aim. The study aimed to investigate the peculiarities of plasminogen processing by cytosolic and
plasma membrane-associated proteases of platelets.

Methods. Gel-permeation filtration was used for the isolation of platelets from the donor’s blood
plasma. Plasminogen was purified from Cohn’s fraction I112,3 of human blood plasma by affinity chro-
matography on lysine-Sepharose. The viability of washed platelets and their response to an agonist were
assessed by optical aggregometry. The processing of plasminogen on platelets was induced by stimulating
the cells with thrombin (1 NIH/ml) after pre-incubation with 0.25 uM Pg for 30, 60, or 120 min.
Plasminogen and its fragments were detected by immunoblot with the use of previously obtained poly-
clonal antibodies to plasminogen kringles (K1-3 and K5).

Results. It was established that exogenous plasminogen is adsorbed onto the plasma membrane of
platelets, converted into the Lys-form, and further fragmented into angiostatins and mini-plasminogen.
This indicates the involvement of various platelet proteases in plasminogen cleavage. It was shown that
platelets are capable of internalizing exogenous plasminogen in its Glu-form, while formed angiostatins
are not internalized by the cells. It has been determined that internalized Glu-plasminogen (0.25 uM) may
change its conformation to a Lys-like form within > 120 minutes of incubation with platelets, as immuno-
chemically detected with the use of antibodies against K5 plasminogen fragment.

Conclusion. The obtained results provide new insights into the mechanisms by which platelets may
regulate the functioning of the plasminogen/plasmin system. This regulation occurs through their abi-
lity to generate plasminogen fragments (angiostatins) and having the potential for internalization and
further secretion of the formed angiostatins by both native and activated platelets.

Key words: plasminogen, kringle-containing fragments, angiostatins, platelets, limited proteoly-
sis, immunoblot, antibodies.

The study of interactions between the
proteins of the plasminogen/plasmin system
and platelets is essential for understanding
the biochemical mechanisms regulating
thrombosis and thrombolysis processes,
as well as clarifying the role of platelets in
angiogenesis. Platelets are a rich source of
proangiogenic factors. They also store and
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release angiogenesis inhibitors. Platelets
express surface growth factor receptors, which
may regulate the process of angiogenesis.
Activated platelets serve as procoagulant
surfaces amplifying the coagulation reactions
[1-3]. Existing literature data on the
influence of platelets on the activity of the
plasminogen/plasmin system is limited, and
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there is currently a lack of information on
the role of plasminogen and its fragments in
the regulation of platelet functional state. It
is known that platelets contain plasminogen-
binding sites on their plasma membrane,
and the number of these sites significantly
increases when cells are stimulated by
aggregation agonists [4—6]. The plasminogen
molecule has kringle domains, which are
responsible for intermolecular interactions
[7]. These domains contain lysine-binding
sites (LBS) with varying affinities for
-aminocarboxylic acids and their analogues [8].
Plasminogen/plasmin molecule proteolysis in
the organism leads to the formation of kringle-
containing fragments (K 1-3, K 1-4, K 5, etc.)
angiostatins that exhibit an anti-angiogenic
effect. It has been shown that angiostatins are
involved in signaling mechanisms that underlie
many normal and pathophysiological processes
in the organism, such as cell migration,
angiogenesis, metastasis, tissue remodeling,
wound healing, axon germination, and others.
Thus, the interaction of angiostatins with
targets on the plasma membrane of endothelial
cells (ATP synthase, integrin aVp3, c-met
receptor of HGF, etc.) leads to suppression of
proliferative activity of cells and their ability
to move and migrate [9]. For some time, it was
believed that angiostatin is produced in the
organism by some types of tumors, and indeed,
an increase of their generation is observed in
tumor growth. However, it has recently been
established that angiostatin is found in the
organism and under normal conditions, thus
being involved in physiological processes.
To date, only a few types of cells that are
capable of generating angiostatin in the
norm are identified, including monocytes and
macrophages. The elucidation of regulation of
the platelet functioning by the plasminogen/
plasmin system is one of the priority areas of
our research. To determine the role of platelets
in angiogenesis, we are investigating their
ability to generate plasminogen fragments
angiostatins, internalize and secrete of formed
angiostatins by native and activated platelets
[10]. Preliminary data [not published] indicate
the interaction of isolated plasminogen
fragments K1-3 and K5 with the surface of
platelets and their accumulation by cells.
Angiostatins were detected using western
blot analysis with antibodies to K1-3 and K5.
After pre-incubation of K1-3 and K5 with
platelets, the fragments were found on isolated
plasma membranes but were absent in cell
lysates (cytosol). Antibodies to K1-3 revealed
plasminogen and a 51 kDa angiostatin-like

fragment on membranes and in lysates. In
contrast, antibodies to K5 revealed mini-
plasminogen on membranes and micro-
plasminogen in the platelet cytosol, indicating
the possibility of endogenous plasminogen
conversion by platelets.

Thus, this study aimed to investigate time-
dependent characteristics of plasminogen
processing in the presence of platelet plasma
membranes and cytosol by immunoblot with
the use of antibodies against K1-3 and K5.

Material and Methods

Plasminogen was obtained from Cohn’s
fraction III, 3 of human blood plasma (Kyiv
City Blood Center, Ukraine) by affinity
chromatography on lysine-Sepharose
(Sigma, USA) in the presence of the protease
inhibitor Contrycal (AWD, Germany) [11].
Plasminogen kringle fragments (K1-3 and
K5) for rabbit immunization were prepared as
described elsewhere [12, 13]. Intact platelets
were obtained from donor blood plasma
containing an anticoagulant in a 9:1 ratio
(0.1 M sodium citrate, 0.08 M citric acid,
0.11 M glucose) using a standard method
[14]. The viability of washed platelets and
their response to an agonist were evaluated
using optical aggregometry analysis [15].
The platelet count in each sample, according
to the aggregometer, was 480,000 per ul.
Aggregation was monitored for 5 minutes
from the moment of addition of thrombin
solution (1.0 NIH units/ml) using an optical
aggregometer (SOLAR AT-02, RB) with the
software package “Aggregometer 2.01” [16].
The degree of aggregation was no less than
35% . Platelets were activated by 1.0 NIH
units/ml of thrombin (Sigma Aldrich, USA).

The processing of plasminogen by agonist-
stimulated platelets was studied as follows.
Plasminogen at a concentration of 0.25 pM
was added to a suspension of isolated platelets
(4.8x108 cells/ml, V = 0.1 ml) and incubated at
37 °C for 0, 30, 60, and 120 min, with “0 min
of incubation” corresponding to the absence of
plasminogen in the medium with the cells. Cells
were then pelleted by centrifugation at 160 g
for 20 min at room temperature, and the pellet
was washed twice with 20 mM HEPES buffer
(pH 6.8) containing 137 mM NaCl, 4 mM KCl,
0.2 mM MgCl,, and 0.2% glucose, to remove
unbound plasminogen. The washed platelet
pellet was then resuspended in 0.1 ml of the
same HEPES buffer additionally containing
0.2% bovine serum albumin per 4.8x107 cells.
Thrombin (0.1 NIH units/ml) was added,
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followed by incubation for 5 minutes at 37 °C.
After thrombin-induced activation, the cells
were pelleted by centrifugation at 160 g for 20
min at room temperature. The platelet pellet
was washed twice with 0.1 ml of the same
HEPES buffer and centrifuged under the same
conditions. To study plasminogen processing,
platelets were lysed with 0.1 ml of cooled
hypotonic 0.2% NaCl solution. The suspension
was incubated for 30 minutes at 4 °C with
constant mixing. Plasma membranes were
obtained from the suspension by centrifugation
at 15,000 g for 10 min at 4 °C, as described
elsewhere [17]. The supernatant contained the
cytosolic fraction, while the pellet contained
the membrane fraction, including subcellular
components such as mitochondria. For control,
experiments with non-stimulated platelets
were performed in the same quantity and
subjected to the same incubation procedure,
washing, and centrifugation steps as thrombin-
activated cells.

To the pellet of obtained washed plasma
membranes, 50 pul of sample buffer containing
0.1% SDS was added as described earlier [17],
concentrated to 0.025 ml, and then 0.025 ml of
double sample buffer containing 0.2% SDS was
added. The resultant supernatant, containing
cytosolic fraction, was focused to 0.025 ml,
and then 0.025 ml of 2x sample buffer
was added. Concentration was performed
using a SpeedVac vacuum mini-centrifuge
(ThermoFisher Scientific, USA) in AQUA
mode for 5 h at a temperature of 30 °C. Samples
for electrophoresis were prepared so that the
sample loaded on each track corresponded to
4.8x107 cells.

Tris-tricine electrophoresis of platelet
samples was performed in a 10% polyacryl-
amide gel (PAAG) in the presence of 0.1%
sodium dodecyl sulfate (SDS) [18]. Polyclonal
IgG antibodies to human plasminogen kringle
fragments K1-3 and K5 for immunoblot assay
were produced as described earlier [19, 20].
Immunoblot was performed according to the
previously described method with some minor
modifications [21]. Briefly, protein transfer
from PAAG to a Hybond ECL nitrocellulose
membrane (Amersham Pharmacia Biothech,
Sweden) was carried out in a transfer-buffer
solution (48 mM Tris, 39 mM glycine, 0.037%
SDS, and 20% methanol) for 2 hours at a
current of 0.8 mA per 1 cm? of a membrane.
After transfer, membranes were immersed
in a 4% solution of skimmed milk powder in
PBS for 15 hours at 22—24 °C and probed with
polyclonal antibodies (IgG 5 ng/ml) against
kringle fragments K1-3 or K5 in tris-buffered
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saline containing 0.05% Triton X-100 (TBST)
for 2 hours at 37 °C. Membranes then were
washed five times with TBSP and incubated
with appropriate secondary antibodies Goat
Anti-Rabbit IgG-HRP conjugate (Sigma
Aldrich, USA), 1:2,000 diluted in TBST, for
60 minutes at 37 °C. Unbound antibodies were
washed out with TBST, and then membranes
were immersed into 0.05 M potassium
phosphate buffer (pH 6.0) containing 0.04%
hydrogen peroxide and 0.05% 4-chloro-1-
naphthol (Sigma Aldrich, USA). The reaction
was visually monitored and stopped by
washing the membranes with distilled water.
An alternative method for blot development
was enhanced chemiluminescence (ECL) when
0.25 M luminol in DMSO, 0.09 M p-coumaric
acid in DMSO, 0.1 M Tris-HC1 (pH 8.5),
and 0.0035% H,0, were used. Membrane
autoradiography was performed on X-ray films
(Konica Minolta, Japan). Depending on the
intensity of the signal of chemiluminescence,
exposure time on the film ranged from 3 s to
10 min. Immunoreactive bands on the film
were developed using commercially available
developer and fixer solutions (ONIKO, Kyiv,
Ukraine) [22]. The data were collected from
three independent replicates.

Results and Discussion

As seen from immunoblot depicted in
Fig. 1, upon stimulation of platelets pre-
incubated with 0.25 uM plasminogen by
thrombin (1 NIH/ml), antibodies to K1-3
detected membrane-bound plasminogen, a
variety of its low-molecular-weight fragments
ranging from 40 to 70 kDa, among which
a 51 kDa angiostatin-like fragment, and
undefined high-molecular-weight bands that
include plasminogen as well (tracks 2-5). It is
noticeable that the quantity of the detected
low-molecular-weight fragments is gradually
increased, indicating the fragmentation
of membrane-associated plasminogen.
Additionally, in the cytosolic fraction of
the cells (tracks 6-9), increasing amounts of
plasminogen, the 51 kDa angiostatin-like
fragment, and a series of high-molecular-
weight fragments, including plasminogen,
were detected over time. This suggests the
fragmentation of exogenous Glu-plasminogen
by various metalloproteinases [23, 24] and the
involvement of the proenzyme in intracellular
complexes with cytosolic proteins.

Results of immunoblots presented in
Figs. 2 and 3 show that upon stimulation
of platelets pre-incubated with 0.25
pM plasminogen by thrombin (1 NIH/
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Fig. 1. Time-dependent profile of plasminogen processing on platelet membranes (2—5) or in cell lysates
(6—9) induced with 1 NITH/ml thrombin after pre-incubation with 0.25 nM Pg for 1 — intact plasminogen;
2,6 — 0 min; 3, 7 — 30 min; 4, 8 — 60 min; 5, 9 — 120 min

Typical blotogram obtained with polyclonal antibodies to K1-3

ml), antibodies to K5 detect absorbed
plasminogen in the Lys-form, a 260 kDa
complex containing Lys-plasminogen, and a
38 kDa plasminogen fragment corresponding
to mini-plasminogen on the membranes.
Notably, the quantity of these fragments
remains relatively constant over time of
incubation.

In the cytosolic fraction of platelets,
antibodies to K5 detect a trace amount of the
260 kDa complex containing Lys-plasminogen
up to 60 min of incubation with 0.25 pM
plasminogen. By 120 min of incubation, Lys-
plasminogen, a significant amount of the
260 kDa complex, and a trace amount of the
140 kDa complex containing Lys-plasminogen
are observed. Since previous studies have
shown that exogenous plasminogen can be
internalized exclusively as a Glu-form, we
assume that Glu-plasminogen undergoes
conformational changes in the platelet cytosol
during the incubation period. Platelet-derived
factors, which induce conformational changes
in plasminogen molecules, and

It is worth noting that the blot obtained
with polyclonal antibodies to K5 using the ECL
method appeared to be more illustrative (Fig. 3)
than the blot obtained by the routine procedure
shown in Fig. 2 due to the higher sensitivity of
the immuno-development method. Therefore,
in subsequent experiments, we applied

the ECL method for immunoreactive band
visualization.

As seen in the blotograms presented
in Fig. 4, after pre-incubation of 0.25 uM
plasminogen with platelets without further
stimulation by an agonist, antibodies to
K1-3 detect membrane-bound plasminogen, a
variety of its low-molecular-weight fragments
ranging from 35 to 70 kDa, including a
51 kDa angiostatin-like fragment and the
kringle fragment K1-3, and a blurred high-
molecular-weight fragments ranged from 140
to 260 kDa, including plasminogen (tracks
2-5). Notably, at “0 minutes,” K1-3 is absent
on the membranes, but by “60 minutes”
of incubation, it appears and its quantity
increases, however then decreases by “120
minutes” of incubation. The quantity of the
51 kDa angiostatin-like fragment and other
mentioned low-molecular-weight fragments
increases over time. These data indicate the
fragmentation of Glu-plasminogen associated
with the plasma membrane of platelets.

In the cytosolic fraction of platelets,
plasminogen is absent at “0 minutes”, but
high-molecular-weight fragments from 110
to 260 kDa, recognized by antibodies to K1-3,
are present. In other cytosol samples (tracks
7-9), increasing amounts of plasminogen,
the 51 kDa angiostatin-like fragment, and
multiple high-molecular-weight fragments,
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including plasminogen, are detected over time.
These observations suggest the fragmentation
of exogenous Glu-plasminogen and the
involvement of the proenzyme in intracellular
complexes with cytosolic proteins in both
native and activated platelets.

The results of the immunoblotting assay
presented in Fig. 5 demonstrate that, following
pre-incubation of 0.25 pM plasminogen
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with platelets without further stimulation
by the agonist, antibodies to K5 recognize
the presence of only the 260 kDa complex at
“0 minutes” in the plasma membrane samples.
Lately, absorbed plasminogen in the Lys-
form, an abundancy of high-molecular-weight
fragments ranging from 140 to 260 kDa that
include Lys-plasminogen, and trace amounts
of 38 kDa and 51 kDa plasminogen fragments

Fig. 2. Time-dependent profile of plasminogen processing on platelet membranes (2—5) or in cell lysates
(6—9) induced with 1 NIH/ml thrombin after pre-incubation with 0.25 pM Pg for 1 — intact plasminogen;
2,6 — 0 min; 3, 7 — 30 min; 4, 8 — 60 min; 5, 9 — 120 min

Typical blotogram obtained with polyclonal antibodies to K5

Fig. 3. Time-dependent profile of plasminogen processing on platelet membranes (2—5) or in cell lysates
(6—9) induced with 1 NIH/ml thrombin after pre-incubation with 0.25 pM Pg for 1 — intact plasminogen;
2,6 — 0 min; 3, 7 — 30 min; 4, 8 — 60 min; 5, 9 — 120 min
Typical blotogram obtained with polyclonal antibodies to K5 (the same blotogram as presented in Fig. 2 but
developed by ECL)
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corresponding to mini-plasminogen and an
angiostatin-like fragment appear on the
membranes. The quantity of these fragments
increased until “60 minutes,” but they
disappeared at “120 minutes,” which may
indicate their further digestion.

In the cytosolic fraction of platelets,
antibodies to K5 detect the 260 kDa complex
containing Lys-plasminogen up to 60 minutes
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of incubation with 0.25 uM plasminogen. By
120 minutes, Lys-plasminogen, a significant
amount of the 260 kDa complex, a trace
amount of the 140 kDa complex containing
Lys-plasminogen, and trace amounts of
the 51 kDa angiostatin-like fragment are
observed. Since previous studies have shown
that exogenous plasminogen is internalized
exclusively in the Glu-form, we conclude that

5 6 7 8 9

Fig. 4. Time-dependent profile of plasminogen processing on platelet membranes (2—5) or in cell lysates
(6—9) induced on non-stimulated cells after pre-incubation with 0.25 pM Pg for 1 — intact plasminogen;
2,6 — 0 min; 3, 7 — 30 min; 4, 8 — 60 min; 5, 9 — 120 min

Typical blotogram obtained with polyclonal antibodies to K1-3 and developed by ECL
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Fig. 5. Time-dependent profile of plasminogen processing on platelet membranes (2—5) or in cell lysates
(6—9) induced on non-stimulated cells after pre-incubation with 0.25 nM Pg for 1 — intact plasminogen;
2,6 — 0 min; 3, 7 — 30 min; 4, 8 — 60 min; 5, 9 — 120 min

Typical blotogram obtained with polyclonal antibodies to K5 and developed by ECL
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Glu-plasminogen undergoes conformational
changes in the cytosol in a time-dependent
manner due to the action of still undiscovered
factors.

Thus, using immunoblotting with
polyclonal monospecific antibodies to
plasminogen kringle fragments K1-3 and
K5, we studied time-dependent features of
plasminogen processing in the presence of
either platelet plasma membranes or platelet
cytosol. We demonstrated that exogenous
plasminogen could serve as a source of
angiostatin production on the surface
of platelets. Zymogen is internalized by
platelets in the Glu-form upon mechanism
still unexplored. Plasminogen bound on the
plasma membrane is converted into the Lys-
form and fragmented into angiostatins and
mini-plasminogen, indicating the involvement
of various platelet proteases in plasminogen
cleavage. However, the resulting fragments
are not internalized by the cells.

This study confirms the need for additional
studies in this field. The obtained results may
have a physiological relevance for several
reasons. First, the reciprocal interactions
between the plasminogen/plasmin system and
platelets are essential for understanding the
biochemical mechanisms regulating thrombosis
and thrombolysis. These processes are critical
in maintaining hemostasis and preventing
pathological conditions such as stroke and
myocardial infarction. Second, platelets
are known to play a role in angiogenesis, the
formation of new blood vessels, which is crucial
for wound healing and tissue regeneration.
The study’s results, showing the ability of
platelets to process plasminogen and generate
angiostatins, highlight a potential mechanism
through which platelets can influence
angiogenesis and tissue remodeling. Third,
the ability to detect specific plasminogen
fragments, such as angiostatins, in the plasma
membranes and cytosol of platelets suggests
that these fragments could serve as biomarkers
for platelet activation and function. This
could have potential clinical applications in
diagnostics and monitoring diseases related
to abnormal platelet activity and blood clot
formation. Fourth, understanding how
platelets internalize and process plasminogen
could lead to new therapeutic strategies for
managing conditions involving excessive clot
formation or inadequate clot breakdown. For
example, targeting the pathways involved
in plasminogen processing might enhance
thrombolytic therapy or prevent thrombotic
complications.
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Conclusions

We have established that exogenous
plasminogen is adsorbed onto the plasma
membrane of platelets, converted into Lys-
form, and fragmented into angiostatins
and mini-plasminogen. This indicates the
involvement of various platelet proteases
in plasminogen hydrolysis. The formed
angiostatins are not internalized by platelets.
It has been confirmed that platelets can
internalize exogenous plasminogen as a
Glu-form. We found that internalized Glu-
plasminogen can change its conformation
to a Lys-like form (during >120 minutes
of incubation with 0.25 pyM plasminogen),
as detected by the antibodies to K5. The
obtained results provide new information on
the mechanisms by which platelets regulate
the functioning of the plasminogen/plasmin
system through their ability to generate
plasminogen fragments, angiostatins, and
the potential for internalization and secretion
of the formed angiostatins by both native
and activated platelets. Our findings may
have important physiological and biomedical
applications, providing new insights into
the regulatory mechanisms of hemostasis,
reparative processes, and wound healing
with the involvement of interaction between
proteins of the plasminogen/plasmin system
and platelets.

Authors’ contribution

KLG — conceptualization and design,
data collection and analysis, manuscript
preparation; YOI — antibody to K1-3
production; KVV — immunoblot assay;
GTV — interpretation of results, manuscript
preparation.

Funding

This study was funded by the basic
theme “Investigation of the functional
role of plasminogen/plasmin system
proteins in the regulation of molecular and
cellular interactions in fibrinolysis and
reparative processes“ of Palladin Institute
of Biochemistry of NAS of Ukraine (state
registration number 0123U100516).

Conflicts of Interest
The authors declare no conflicts of interest.

Acknowledgments

The authors would like to thank Dr. Artem
Tykhomyrov for his kind help, discussion, and
support throughout the study.



Experimental articles

REFERENCES
. Miles L.A., Plow E.F. Binding and activation
of plasminogen on the platelet surface. J.Biol.
Chem. 1985, 260(7): 4303—4311. https://doi.
org/10.1016/S0021-9258(18)89264-X
.Tykhomyrov A.A. Dynamics of thrombin-
induced exposition of actin on the platelet
surface. Ukr.Biochem.J. 2014, 86(5): 74-81.
https://doi.org/10.15407/ubj86.05.074
.Tykhomyrov A.A., Zhernossekov D.D.,
Grinenko T.V. Surface-exposed actin binds
plasminogen on the membrane of agonist-
activated platelets: a flow cytometry study.
Biopolym. Cell. 2017, 33(3): 172-182. http://
dx.doi.org/10.7124/bc.000953
.Jurasz P.,Ng D., Granton J.T., Courtman D.W.,
Stewart D.J. Elevated platelet angiostatin and
circulating endothelial microfragments in
idiopathic pulmonary arterial hypertension:
A preliminary study. Thromb. Res. 2010,
125: 53-60. https://doi.org/10.1016/j.
thromres.2009.04.005
.Jurasz P., Alonso D., Castro-Blanco S.,
Murad F., Radomski M.W. Generation and role
of angiostatin in human platelets. Blood. 2003,
102: 3217-3223. https://doi.org/10.1182/
blood-2003-02-0378
. Radziwon-Balicka A., Moncada de la Rosa C.,
Zielnik B., Dorozko A., Jurasz P. Temporal
and pharmacological characterization of
angiostatin release and generation by human
platelets: implications for endothelial cell
migration. PLoS One. 2013, 8(3):e59281.
https://doi.org/10.1371/journal.
pone.0059281
. Ponting C.P., Marshall J.M., Cederholm-
Williams S.A. Plasminogen: a structural
review. Blood Coag. Fibrinol. 1992, 3(3): 605—
614. PMID: 1333289
.Winn E.S., Hu S.P., Hochschwender S.M.,
Laursen R.A. Studies of the lysine-binding
sites of human plasminogen. The effect of
ligand structure on the binding of lysine
analogs to plasminogen. Eur. J. Biochem.
1980, 104(2): 579-586. https://doi.
org/10.1111/j.1432-1033.1980.tb04461.x
.Tarui T., Miles L.A., Takada Y. Specific
interaction of angiostatin with integrin
aVB3 in endothelial cells. J.Biol.Chem.
2001, 276(43): 39562—-39568. https://doi.
org/10.1074/jbc.m101815200
10. Tykhomyrov A.A., Zhernossekov D.D.,
Grinenko T.V. Plasminogen modulates
formation and release of platelet angiogenic
regulators. Ukr. Biochem.J. 2020, 92(1): 31—
40. https://doi.org/10.15407/ubj92.01.031
11. Deutsch D.G., Mertz E.T. Plasminogen:
purification from human plasma by affinity
chromatography. Science. 1970, 170(3962):
1095-1096. https://doi.org/10.1126/
science.170.3962.1095

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Thorsen S., Clemmensen I., Sottrup-Jen-
sen L., Magnusson S. Adsorption to fibrin of
native fragments of known primary structure
from human plasminogen. Biochim. Biophys.
Acta. 1981, 668: 377-387. https://doi.
org/10.1016/0005-2795(81)90171-9
Kapustianenko L.G., Iatsenko T.A., Yuso-
va E.I., Grinenko T.V. Isolation and
purification of a kringle 5 from human
plasminogen using AH-Sepharose.
Biotechnologia Acta. 2014, 7(4): 35-42.
https://doi.org/10.15407 /biotech7.04.035
Gear A.R.L., Suttitanamongkol S., Viisorea-
nu D., Polanowska-Grabowska R.K., Raha S.,
Camerini D. Adenosine diphosphate strongly
potentiates the ability of the chemokines
MDC, TARC, and SDF-1 to stimulate platelet
function. Blood. 2001, 97(4): 937-945.
https://doi.org/10.1182/blood.v97.4.937
Chan M.V., Armstrong P.C.J., Papalia F.,
Kirkby N.S., Warner T.D. Optical
multichannel (optimul) platelet aggregometry
in 96-well plates as an additional method of
platelet reactivity testing. Platelets. 2011,
22(7): 485-494. https://doi.org/10.3109/09
537104.2011.592958

Roka-Moya Y.M., Bilous V.L., Zhernosse-
kov D.D., Grinenko T.V. Novel aspects of
platelet aggregation. Biopolimers and
Cell. 2014, 30(1): 10-15. http://dx.doi.
org/10.7124/bc.000874

Jurasz P., Santos-Martinez M.J., Radoms-
ka A., Radomski M.W. Generation of
platelet angiostatin mediated by urokinase
plasminogen activator: effects on
angiogenesis. J. Thromb. Haemost. 2006,
4: 1095-1106. https://doi.org/10.1111/
j.1538-7836.2006.01878.x

Schigger H., Von Jagow G. Tricine-
sodium dodecyl sulfate-polyacrylamide
gel electrophoresis for the separation of
proteins in the range from 1 to 100 kDa. Anal.
Biochem. 1987, 166: 368—-379. https://doi.
org/10.1016,/0003-2697(87)90587-2
Tykhomyrov A.O., Yusova O.1., Diordieva S.I.,
Corsa V.V., Grinenko T.V. Isolation and
characterization of antibodies against human
plasminogen fragment K 1-3. Biotechnologia
Acta. 2013, 6: 86—96. (In Ukrainian), https://
doi.org/10.15407 /biotech6.01.086
Kapustianenko L.G. Polyclonal antibodies
against human plasminogen kringle 5.
Biotechnologia Acta. 2017, 10(3): 41-49.
https://doi.org/10.15407 /biotech10.03.041
Tsang V.C., Peralta J.M., Simons A.R.
Enzyme-linked immunoelectrotransfer
blot techniques (EITB) for studying the
specificities of antigens and antibodies
separated by gel electrophoresis. Methods
Enzymol. 1983, 92: 377-391. https://doi.
org/10.1016/0076-6879(83)92032-3

31



BIOTECHNOLOGIA ACTA, V.17, No 5, 2024

22. Mruk D.D., Cheng C.Y. Enhanced chemi- Acta. 2021, 14(1): 5-24. https://doi.
luminescence (ECL) for routine immuno- org/10.15.407/biotech14.01.005 by both
blotting. An inexpensive alternative to native and activated platelets.
commercially available kits. Spermatogenesis. 24. Grinenko T., Yusova O., Revka O., Patalakh I.,
2011, 1(2): 121-122. https://doi. Yatsenko T. Fibrinolysis regulation by
org/10.4161/spmg.1.2.16606 platelets retaining plasminogen and

23. Bilous V.L., Kapustianenko L.G., Tykhomy- tissue-type plasminogen activator on
rov A.A. Production and application of their surface. Ukr. Biochem. J. 2019,
angiostatins for the treatment of ocular 91(6): 38—-48. https://doi.org/10.15407/
neovascular diseases. Biotechnologia 1ubj91.06.038

YTBOPEHHSA AHI'TOCTATHHIB ¥ XO/AI ITPOIECIHTY IIJIASMIHOTEHY,
OITIOCEPEAKOBAHOI'O TPOMBOIIUTAMMU: IMYHOXIMIYHE JOCJINKEHHSA
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BuBueHHSA PEIUIIPOKHUX B3a€MOJiH MisK IJIa3MiHOTeH /IIJ1a3MiHOBOIO CICTEMOIO Ta TPOMOOIIITAPHOIO
JaHKOIO I'eMOCTa3y € HeoOXiJHUM AK IJA PO3yMiHHs OioxiMiuHMX MexaHi3MiB peryJsaiii mpoiiecis TpoM-
60yTBOpPEHHH T TpoMOOIi3UCY, TaK i A1 3’ ACyBaHHSA POJi TPOMOOIIUTIB B aHTioTeHesi.

Memorw 1THOTO MOCHiMKeHH 0YJI0 TOCTiUTH 0COOIMBOCTI MPOIECiHTY IIIadMiHOTeHY MeMOpaHoaco-
MifloBaHMMHY Ta ITUTO30JHLHUMH IIPOTEA3aMU TPOMOOIUTIB.

Memodu. XpomaTorpadiuamuii MeToJ 3aCTOCOBAHO AJA i30JAI[il TPOMOOIMTIB i3 maasmMu KpoBi.
IInasminoren ounmasu 3 Gppaknii sa Kornowm III, 3 mrasmMu Kposi aoaunu aginHo©0 XpomaTorpadiecio
Ha JisuH-cedaposdi. AHaais JKUTTE3MATHOCTI BiAMUTHUX TPOMOOIUTIB Ta iXHi BigmoBiai Ha miro aromicra
IIPOBEAEHO ONTUYHOIO arperoMerpieio. IIporeciHr naasmMiHOTeHY HA TPOMOGOIIUTAaX BUKJINKAHO CTUMYJIA-
miero Tpombinom (1 NIH /M) KirituH, monepenHbo inkyooBanux 3 0,25 mkM Pg nmpotarom 30 xB; 60 xB
ta 120 xB. [I1asmiHOreH Ta 10T0 KPUHTJIBMIicHI parMeHTu HA MeMOpaHax ¥ y JisaTax TpoMOOIIUTIB me-
TeKTYBaJX METOAOM iMyHOOJIOTY 3 BUKOPUCTAHHAM OTPUMAHUX HAMH pPaHillle MOJiKJIOHAJIPHUX aHTUTLI
no kpuHTJIiB naasminoreny (K1-3 i K5).

Pezyavmamu. YcTaHOBJIEHO, 110 €eK30TeHHUI MJIa3MiHOTeH cOpOyeThcA Ha IJIa3MaTUUYHiNl MemMOpa-
Hi TpOMOGOIUTIB, TepeTBOPIOETHCA Y Lys-opmy Ta pparmMeHTyeThCA L0 aHTiOCTATHMHIB Ta MiHi-mIasmi-
HOTEeHY, II[0 CBiIUUTH PO 3aJIyUeHHS PiBHUX IIPOTeiHA3 TPOMOOIUTAMYU NJIA TiAPOJIi3y IJIa3MiHOTEHY.
YTBOpeHi aHriocraTuHu KJIITUHAMU He iHTepHaaisyooThcsa. IIigTBepaKeHO 34aTHICTL TPOMOOIIUTIB iH-
TepHANidyBaTH eK30TeHHui miaasMminoren y Glu-¢gopwmi. BeraHosiaeHo 3maTHICTh iHTepHAJIi30BaHOTO
Glu-ninasminoreny B mamHui yacy (2120xB imkybamii 3 0,25 mxM mirasminoresom) smiHoBaTH KOHQOP-
mairiro Ha Lys-nomi6Hy, AKYy BUABJISIOTH 3aCTOCOBaHi HamMu aHTurija 1o K 5.

BucHosku. OTpuMaHi pesyabTaTi HaLalOTh HOBY iH(OpMAIlil0o IPO MeXaHi3MU peryJloBaHHSA TPOM-
boruTaMu PYHKI[IOHYBaHHA IIJIa3MiHOTEH /IIJIa3MiHOBOI cUCTEMU Ha IPUKJIAAL IXHBOI 3[aTHOCTi reHepy-
BaTU (pparMeHTHU NJIa3MiHOTeHY — aHTioCTaTUHU, MOYKJIMNBOCTI iHTepHaaizaIii Ta cekperil yTBOpeHUX
aHTiOCTATUHIB HATUBHUMU Ta aKTUBOBAHUMU TPOMOOITUTAMU.

Knwu4osi cnosa: nia3mMiHOTeH, KPUHTJIBMiCHI (pparMeHTH, aHTriocTaTHHU, TPOMOOIIUTH, OOMEIKEHUH
POTEO0JIi3, iMyHOOJI0T, aHTHUTLIA.
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