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Lys-plasminogen stimulates vitronectin exposure on the platelet surface
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Aim. To study the vitronectin exposure on the platelet surface in the presence of two forms of the plas-
minogen molecule: Lys- and Glu-plasminogens. Methods. Research was conducted on human platelets.
Aggregometry was used to check the platelet vitality and cell response towards thrombin. To evaluate the
influence of different plasminogen forms on the platelet vitronectin exposure we used the method of flow
cytometry. Results. It was found that incubation of resting platelets with Lys-plasminogen increased the
amount of vitronectin-positive cells, but did not affect significantly their fluorescent intensity. Thrombin
stimulation led to an increase in both: the number of vitronectin-positive platelets and the signal of fluo-
rescence at least by two times. The Lys-plasminogen adding to the suspension of washed platelets fol-
lowed by the thrombin stimulation enhanced the vitronectin exposure on the platelet surface and in-
creased the amount of vitronectin-positive cells as compared to the isolated thrombin stimulation. Glu-
plasminogen had no effect on the vitronectin exposure in case of resting or stimulated platelets.
Conclusions. Lys-plasminogen but not its Glu-form enhances the exposure of vitronectin on the platelet
surface. We suggest that the binding of Lys-plasminogen to the surface platelet receptors may generate

plasmin that leads to the activation of intracellular signaling cascade.
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Introduction

The platelet activation and following thrombus for-
mation involve many adhesive proteins which are
secreted from the platelet a-granules including fi-
brinogen, von Willebrand factor, fibronectin and vit-
ronectin (Vn) [1]. However, it has been recently
demonstrated that thrombus formation still occurs in
the mice lacking both von Willebrand factor and fi-
brinogen [2] suggesting that other proteins such as
fibronectin, thrombospondin and Vn may be able to
mediate the platelet adhesion and aggregation [3].
Among these proteins, a special attention has been
paid to Vn, which plays a significant role in platelet
physiology. It may regulate thrombosis and fibrino-
lysis through the interaction with integrins, plas-
minogen activator inhibitor-1 (PAI-1), collagen, and
the urokinase receptor. In plasma, this protein circu-

lates in an inactive folded form, in which most of its
ligand-binding domains are hidden. Conversely, in
the extracellular matrix and in blood platelets Vn is
present in the activated multimeric form [4, 5]. It
was suggested that this adhesive protein is a throm-
bus stabilizer as it has a site (Arg-Gly-Asp) with the
potential for binding to integrins [6, 7]. However, the
ideas about its exact role in thrombus formation are
controversial. It was shown that the platelet-released
Vn enhances the platelet aggregation, whereas the
plasma Vn inhibits this process. It was reported that
Vn has binding site to plasminogen, as monoclonal
antibodies against the C-terminal portion of Vn in-
hibited plasminogen binding [8]. Recently we have
shown that Lys-plasminogen but not its Glu-form in-
hibits the thrombin- and collagen-induced aggrega-
tion in the preparations of washed human platelets.
In this study, we investigated the effects of two forms
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of plasminogen on the vitronectin exposure on the
surface of human platelets.

Materials and Methods

Human plasma and platelet preparations were obtai-
ned from blood of healthy volunteers (n = 5) as it was
described before [9]. Research protocols were ap-
proved by the Ethical Committee of Palladin Insti-
tute of Biochemistry of NASU (from 3™ of Novem-
ber 2014, protocol N 10).

Aggregometry was used to check platelet vitality
and cell response towards thrombin. Platelet aggrega-
tion was measured by optical aggregometry (aggre-
gometer «Solar AT-02», Belorussia). All assays were
performed within 60-180 minutes after platelet col-
lection. Experimental data were statistically analyzed
using software «MS Excel» and «Agregometr 2.01».
Thrombin (Sigma Aldrich, USA) at final concentra-
tion 1 NIH unit/ml was used to stimulate platelets.

Glu-plasminogen was purified from fresh donor
plasma and Lys-plasminogen was isolated from Cohn
fraction II-1III. Lysine-sepharose chromatography was
used in both cases [10]. All preparations of plasmi-
nogen had no spontaneous plasmin activity.

To evaluate the influence of different plasmino-
gen forms on Vn exposure by platelets the method
of flow cytometry was used. The levels of exposed
Vn were detected with use of respective antibodies
to Vn (Sigma Aldrich, USA). The washed platelets
(10° cells) were transferred into 100 pl of 20 mM
HEPES buffer, pH 6.8 containing 137 mM NacCl,
4mM KCl, 0.2 mM MgCl,, 0.2 % glucose and 0.2 %
bovine serum albumin (BSA). To perform investi-
gations three groups of cells were used: resting
platelets (control); platelets incubated with Glu- or
Lys-plasminogen (time of exposure 3 min); plate-
lets treated with thrombin (5min), and platelets
treated with thrombin after their preliminary incu-
bation with Lys-plasminogen (3min). All proce-
dures with platelets were carried out at 22-25 °C to
avoid platelet hyperactivation. Platelets shortly
thereafter incubation with plasminogen or resting
platelets (control group) were treated with anti-Vn
antibodies. To carry out immunochemical detection
of Vn we prepared the mixture of antibodies in

0.05 M sodium phosphate buffer (PBS), pH 7.4
with 0.13 M NaCl and 1 % BSA. Antibodies to Vn
(2 ng) were mixed with 100ul of PBS and second-
ary FITC-conjugated antibodies (Sigma Aldrich,
USA) (final dilution 1:100). The mixture was incu-
bated in the darkness at 4 °C for 15 min. Platelets
were incubated with the obtained mixture in the
darkness at room temperature for 30 min. As a con-
trol of non-specific antibody binding we used plate-
lets which were incubated only with secondary
FITC-conjugated antibodies. Non-bound antibod-
ies were removed by double washing in PBS by
centrifugation at 3,000 g for 3 min at 20 °C. The
obtained suspension of washed platelets was resus-
pended in 1 ml of PBS and used for the investiga-
tion of Vn exposure at COULTER EPICS XL
(Beckman Coulter, USA) equipped with argon la-
ser, excitation A = 488nm. Evaluation of Vn expo-
sure on the platelet surface was done using two pa-
rameters: 1) percentage of Vn-positive platelets of
the whole amount of investigated cells in the sam-
ple; 2) intensity of fluorescence, which was moni-
tored by the channel FL1 (515-535 nm). To sort the
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Fig. 1. Effects of Lys- and Glu-plasminogen on vitronectin expo-
sure by intact and thrombin-stimulated platelets: 1 — resting plate-
lets, 2 — resting platelets incubated with Glu-plasminogen, 3 —
resting platelets incubated with Lys-plasminogen, 4 — thrombin-
stimulated platelets, 5 — thrombin-stimulated platelets preliminary
incubated with Glu-plasminogen, 6 — thrombin-stimulated platelets
preliminary incubated with Lys-plasminogen. Blue columns —
resting platelets, red columns — thrombin-stimulated platelets.
The concentrations of plasminogen forms and thrombin were 1.2 uM
and 1.0 NIH units/ml respectively in all experiments. Difference
in the compared groups is statistically significant (p < 0.05): * —
compared to the group of ‘resting platelets», # — compared to the
group of «thrombin-stimulated platelets»
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Fig. 2. Influence of Lys-plasminogen (4) and Glu-plasminogen (B) on vitronectin exposure by resting human platelets. Count — the
amount of events, FL1 LOG — logarithm of fluorescence intensity with FITC. Black colour-resting platelets, green colour-platelets
incubated with Lys-plasminogen, blue colour-platelets incubated with Glu-plasminogen
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Fig. 3. Influence of Lys-plasminogen (4) and Glu-plasminogen (B) on vitronectin exposure by stimulated human platelets. Count — the
amount of events, FL1 LOG — logarithm of fluorescence intensity with FITC. Black colour-resting platelets, blue colour-thrombin
stimulated platelets, red colour-thrombin-stimulated platelets preliminary incubated with Lys-plaminogen (4) or Glu-plasminogen (B)

platelets the corresponding gates were established.  Software, USA). The data were expressed as me-
The changes in signal of fluorescence, which were an 4+ SD. Statistical treatment of the results was made
observed in case of the impact of the investigated  with Student’s t-test, the difference was considered
molecules, were defined according to the displace- as significant with p <0.05.
ment of fluorescence curves relative to the marker,
which limits the fluorescence curve of the intact Results and Discussion
platelets. The quantitative changes of the fluores-  Using the flow cytometric analysis we determined the
cence were expressed in arbitrary units (AU) that amount of Vn-positive cells and their fluorescence in-
mean the common logarithm according to scale tensity. The presented data characterize the vitronectin
Log FL1. To obtain statistically significant results exposure on the surface of resting and thrombin-
at least 10 thousand events were analyzed. stimulated washed platelets (Fig. 1). The appearance
The measurement of cytometric parameters in each  of Vn-positive cells in the population of resting plate-
group of cells was fulfilled in two parallels. Then, a  lets can be due to the spontaneous activation of a part
mean value for the corresponding data obtained from  of cells taken in the experiment. It is recommended to
all donors was calculated. The results were graphi- use the population of platelets, the level of spontane-
cally presented using «FCS Express V3» (De Novo  ous activation of which does not exceed 50-55 % [11]
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that is in accordance with our data. When Lys-plas-
minogen was introduced into the incubation medium
with intact platelets, an increase of vitronectin-posi-
tive cells was noted. The introduction of Glu-plas-
minogen had no effect (Fig. 1). It is known that the
platelet affinity for Lys-plasminogen is higher as com-
pared to Glu-plasminogen [12]. In its turn, the bound
Lys-plasminogen may be considered as the preferable
adhesive lygand for Vn, since the affinity of Lys-plas-
minogen towards vitronectin is significantly higher
(K, =100 nM and K, = 1 mM respectively) [8].

We established that thrombin activation caused an
increase of Vn-positive cells at least by 2 times as
compared to the population of resting platelets. It is
known that thrombin activation leads to secretion of
alpha-granules, which contain vitronectin. Accord-
ing to the previous data, the activated platelets se-
creted highly adhesive multimeric Vn, half of which
remained the platelet bound [13]. If Lys-plasmino-
gen was added to the incubation medium prior to the
thrombin activation, we noticed a significant in-
crease of Vn-positive cells. In case of Glu-plasmino-
gen, significant changes in the amount of Vn-positive
cells were observed in comparison with the case of
thrombin stimulation without prior plasminogen in-
cubation. This difference may be also explained by
different affinity of Glu- and Lys-plasminogens to-
wards vitronectin.

The changes in intensity of the fluorescence signal
of intact and thrombin-activated platelets have the
same tendency as it was demonstrated for the quantita-
tive rearrangement of the cells. The resting platelets
incubated with Glu- or Lys-plasminogen do not reveal
any significant changes of the fluorescence signal as
compared to the control curve (Fig. 2). In case of the
thrombin-activated platelets it was an essential shift of
the peak of the fluorescence curve to the right of the
control curve (Fig. 3), which agrees with the appear-
ance of vitronectin-binding sites on the surface of
thrombin-activated platelets. The preliminary incuba-
tion of stimulated platelets with Lys-plasminogen leads
to the shift of the peak of fluorescence to the right (Fig.
3, A), whereas the incubation with Glu-plasminogen
did not cause any changes as compared to the curve
obtained for thrombin-stimulated platelets (Fig. 3, B).

The obtained results may be interesting consi-de-
ring the role of plasminogen in cellular signaling. As
it has been recently shown on peripheral monocytes
and macrophages, the plasminogen binding to the
annexin A2 S100 A10 may induce the plasmin gen-
eration, which results in the activation of intracellu-
lar signaling cascade and leads to a pro-inflammatory
response [ 14]. It is quite pos-sible that the binding of
Lys-plasminogen (which has open conformation and
therefore is more readily converted into plasmin) to
the platelet membrane may serve as an initial step of
the cellular response. However, the further investi-
gations should be done to prove this suggestion.
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Lys-mi1a3MuHOreH CTUMYJIHPYeT IKCIOHHPOBAHHE
BHTPOHEKTHHA HA MOBEPXHOCTH TPOMOOIMTOB

J1. 1. XKepnocexos, fI. M. Poka-Moiis,
A. A. Tuxomupos, T. B. I'punenko

Heasw. VccnenoBars S5KCIIOHUPOBAHUE BUTPOHEKTHHA HA TIOBEP-
XHOCTH TPOMOOIIMTOB B TIPUCYTCTBHHU JIBYX (DOPM IIIa3MHHOTe-
Ha: Lys- n Glu-rutasmuHorena. Metoabl. MccienoBanus mpoBo-
JIAITA HA TPOMOOIUTAX YenoBeKa. [l mpoBepKH KU3HECIOC00-
HOCTH TPOMOOIIMTOB M KJISTOYHOTO OTBETa Ha TPOMOHHOBYIO
CTUMYJISIIUIO UCTIONB30BAIH METOZ arperoMeTpuH. JIist oneHku
BIIMSTHUS Pa3HBIX (OPM ITa3MHHOTEHA Ha SKCTIOHUPOBAHUE BUT-
POHEKTHHA TPOMOOIIUTAMHU UCTIONB30BATIN METOJ MIPOTOYHOI 11~
ToMeTpun. PesyabraTel. Belio nmokazaHo, 4To MHKyOaIus MH-
TaKTHBIX TPOMOOLUTOB ¢ Lys-1ia3MuHOreHOM NPUBOAMIIA K YBe-
JIMYEHUIO KOJIMYECTBA BUTPOHEKTHH-IIO3UTUBHBIX KJIETOK, HO HE
OKa3plBaJla CYIIECTBEHHOTO BIIMSIHUS HAa WX HHTCHCHBHOCTB
dmoopecneniy. CTUMYISAIUS TPOMOMHOM COTPOBOXKIATACH
M0 MeHbIIeil Mepe JBYKPaTHBIM YBETHUEHHEM KaK UHClIa BUT-
POHEKTUH-TIO3UTUBHBIX TpOM60LlI/ITOB, TaK U HMHTCHCUBHOCTHU
curnana ¢uoopecueniuu. Jlodasinenne Lys-ruia3mMuHoOreHa K
CYCIICH3HH OTMBITHIX TPOMOOITUTOB C ITOCIEAYIONIei aKTHBAIU-
eif TPOMOMHOM yCHITHBAJIO SKCIIOHHPOBAHNE BUTPOHEKTHHA Ha
TPOMOOIIUTAPHON TOBEPXHOCTH M YBEIUYUBANO KOINYECTBO
BUTPOHEKTHH-TTO3UTUBHBIX KJIETOK IO CPAaBHEHHIO C M30IMPO-
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BaHHOH cTuMyisinuedt aronnctoM. Glu-ra3MuHOreH He OKa3bl-
BaJI BIIMSIHUSL HAa DKCIIOHMPOBAHUE BUTPOHEKTHHA B CIIydyae MH-
TaKTHBIX WM aKTHBHPOBAHHBIX TPOMOOIMTOB. BbiBOABI. Lys-
I1a3MUHOTEeH, HO He ero Glu-¢opma, ycuimBaeT 3KCIIOHUPOBa-
HHME BUTPOHEKTHHA HA MOBEPXHOCTH TPOMOOLUTOB. MBI Ipes-
HoJIaraeM, 4To CBA3bIBaHHE Lys-IIa3MUHOIeHa C PeLenTopamMu
Ha TPOMOOLUTAPHOH MOBEPXHOCTH MOXKET CIIOCOOCTBOBATH 00-
pa30BaHMIO IIa3MHHA, KOTOPBIHA, B CBOIO OdYepelpb, 3aIlyCKaeT
MPOLECChl BHYTPUKICTOYHOTO CUTHAJIMHTA.

KiuwueBble €J10Ba: m1a3MUHOTeH, TPOMOOLIUTEL, TPOMOOITH-
TapHasi CEKPEeLHsl, BATPOHEKTHH, [IPOTOYHAsI [IUTOMETPHSI.

Lys-ni1a3miHOreH CTUMYJIIO€ eKCIIOHYBAHHS
BITPOHEKTHHY HA IOBepXHi TpoMOOLUTIB

. . XKepnocexos, 5. M. Poka-Motis,
A. O. Tuxomupos, T. B. I'punenko

Merta. JlocnianTy eKCIIOHYBaHHS BITPOHEKTHHY Ha HMOBEPXHI
TPOMOOIIUTIB 3a MPHUCYTHOCTI ABOX (OpM IUIa3MiHOTeHY: Lys-
ta Glu-mrasminoreny. Meroau. JlocmipkeHHS TPOBOIMIN Ha
TpoMOoLUTax JOAUHU. [/ epeBipKu JKUTTE3AATHOCTI KIITUH
Ta KJIITHHHOI BiIMOBi/i HA CTUMYJISILIIIO TPOMOIHOM BHKOPHCTO-
BYBaJIl METOJ arperomerpii. JIjis OliHKK BIUIMBY pi3HUX (hopm
IUTa3MIHOTEHY Ha eKCIIOHYBAaHHS BITPOHEKTHHY TPOMOOIUTAMH
OyJ10 BHKOPHCTAHO METOI MPOTOKOBOT [IuTOMETpil. Pe3yabraTu.
Byno moxaszano, mo iHKyOamis iHTaKTHUX TPOMOOUHUTIB 3 Lys-
IUIa3MiHOT€HOM TIPU3BOIMIIA 10 3POCTAHHS KUIBKOCTI BITPOHEK-
THH-TIO3UTHBHHUX KJIITHH, aJie CyTTEBO HE BIUTMBAJIA Ha X IHTCHCHB-
HicTh Quryopecientii. CTUMYIISIList TPOMOIHOM CYIIPOBOKYBaIacst
TIPUHANAMHI TIBOKPAaTHAM 3POCTaHHSM SIK KUIBKOCTI BITPOHEKTHH-
TTO3UTUBHUX TPOMOOIIHTIB, TAK 1 IHTEHCUBHOCTI CUTHAITY (hIryopec-
uenuii. JlomaBanaa Lys-mmasMiHOTeHY 0 CyCHeEH3il BIIMHTHX
TPOMOOIIUTIB 3 HACTYITHOIO aKTHBAILIEI0 TPOMOIHOM IiACHITIOBA-
JIO eKCIIOHYBAHHS BITPOHEKTHHY Ha TPOMOONMTApHIH MOBEpXHi
Ta 301IBLIYBAJIO KUTBKICTh BITPOHEKTHH-IIO3UTHBHUX KIIITHH IO-
PIBHSHO 3 130Jb0BaHOI0 CTHMYJAIi€er0 aroHicToM. Glu-mmasmi-
HOTCH HE CHPUYHHSB BIUIMBY Ha CKCIIOHYBAHHS BITPOHEKTHHY B
pa3i iHTaKTHUX Ta aKTUBOBAHUX TPOMOOUUTIB. BucHoBKkH. Lys-
a3MiHoreH, aje He itoro Glu-opma, miaCHITIOE eKCIIOHYBAHHS
BITPOHEKTHHY Ha ITOBEPXHI TPOMOOIMTIB. MU TIpHITyCcKaeMo, 1110
3B’s13yBaHHsI Lys-11a3MiHOTeHy 3 perenTopamMmu TpoMOOIUTapHOT
TIOBEPXHI MO)KE CIIPUSTH YTBOPEHHIO IUIa3MiHY, SIKHH, B CBOIO
Yepry, 3aycKae MPOLeCH BHYTPILIHbOKIIITHHHOTO CHTHAIIIHTY.

Karo4uoBi cioBa:mia3miHOreH, TpOMOOLIUTH, TPOMOOIIUTAP-
Ha CEKpellis, BITPOHEKTHH, IPOTOKOBA IIUTOMETPIsL.
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