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GLU- AND LYS-FORMS OF PLASMINOGEN
DIFFERENTIALLY AFFECT PHOSPHATIDYLSERINE

EXPOSURE ON THE PLATELET SURFACE
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Plasminogen/plasmin system is known for its ability to support hemostatic balance of blood. However,
plasminogen may be considered as an adhesive ligand and in this way could affect the functioning of blood
cells. We showed that exogenous Lys-plasminogen, but not its Glu-form, inhibited platelet aggregation and
suppressed platelet a-granule secretion. The aim of this work was to investigate the influence of Glu- and Lys-
form of plasminogen on the formation of platelet procoagulant surface using phosphatidylserine exposure as
a marker. Human platelets were obtained from human platelet-rich plasma (donors were healthy volunteers,
men aged 30-40 years) by gel-filtration on Sepharose 2B. Phosphatidylserine exposure on the platelet surface
was evaluated by flow cytometry with FITC-conjugated annexin A5. Glu- and Lys-plasminogen have different
impact on the platelet functioning. Exogenous Lys-plasminogen has no significant effect on phosphatidylser-
ine exposure, while Glu-plasminogen increases phosphatidylserine exposure on the surface of thrombin- and
collagen-activated human platelets. Glu-plasminogen can be considered as a co-stimulator of agonist-in-
duced platelet secretion and procoagulant surface formation. Meanwhile effects of Lys-plasminogen are prob-
ably directed at platelet-platelet interactions and not related to agonist-stimulated pro-apoptotic changes.
The observed different effects of Glu- and Lys-plasminogen on phosphatidylserine exposure can be explained

by their structural peculiarities.
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role in degradation of fibrin clots and sup-

ports hemostatic balance of blood. However,
it was reported that plasminogen can be considered
as an adhesive ligand for integrins and modulate
functioning of blood cells [1]. There are two forms of
plasminogen, which differ according to their struc-
ture and functional role in hemostasis system. The
native form of the molecule, Glu-plasminogen, pos-
sesses closed conformation and it is the main form of
plasminogen circulating in plasma. Lys-plasminogen
is a partially degraded form, which is formed due to
catalytic action of plasmin on Glu-plasminogen. Lys-
plasminogen is not present in blood under physio-
logical conditions but a low amount of this form was
detected in blood of patients undergoing thrombo-
lytic therapy with tissue plasminogen activator [2].
It was shown that Lys-plasminogen has more open
conformation and possesses more affinity towards
fibrin and membrane receptors [3]. It is known that
both forms of plasminogen are able to bind to platelet
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surface, however, Lys-plasminogen binds to platelets
with higher affinity [4]. In our previous investiga-
tions, we showed that exogenous Lys-plasminogen
inhibits platelet aggregation and suppresses plate-
let a-granule secretion, meanwhile the native form
of plasminogen has no significant influence on the
above-mentioned processes [5, 6]. We suggested
that plasminogen effects, which were shown during
platelet aggregation and secretion, can be observed
at the step of procoagulant phospholipid membrane
formation, i.e. phosphatidylserine exposure on the
platelet surface. The present work is aimed to study
plasminogen influence on phosphatidylserine expo-
sure on the surface of platelets activated by thrombin
or collagen.

Materials and Methods

Plasminogen preparation. Glu-plasminogen
was purified from fresh blood plasma of healthy
volunteers and Lys-plasminogen was isolated from
Cohn fraction I112,3. Research protocols were ap-



RECOOP 12" Bridges Annual Scientific Conference

proved by the Ethical Committee of Palladin Insti-
tute of Biochemistry of NASU (from 3" of Novem-
ber 2014, protocol N 10).

Lysine-sepharose chromatography was used
in both cases [7]. All preparations of plasminogen
had no spontaneous plasmin activity. Plasminogen
preparations in all experiments were used at final
concentration 1.2 uM.

Platelet aggregation. Intact platelets were ob-
tained from human platelet-rich plasma by gel-filtra-
tion on Sepharose 2B [8]. Platelet aggregation was
measured by optical aggregometry (aggregometer
Solar AT-02, Belorussia). All assays were performed
within 60-80 min after platelet collection. Thrombin
(Sigma Aldrich, USA) at final concentration 1 unit
NIH/ml and collagen (Tekhnologia Standard, Rus-
sia) at final concentration 1.25 mg/ml were used to
stimulate platelets. Experimental data were statisti-
cally analyzed using software MS Office Excel 2007
and Agregometr 2.01.

Flow cytometry. To investigate plasminogen
effects on phosphatidylserine exposure flow cytom-
etry with FITC-conjugated annexin A5 (Sigma Al-
drich, USA) was used. Washed platelets (2.5x10°)
were transferred into 100 pl of 20 mM HEPES
buffer, pH 6.8, containing 137 mM NaCl, 4 mM
KCI, 0.2 mM MgCl, 0.2% glucose and 0.2% BSA.
The platelets were incubated with Glu- or Lys-plas-
minogen for 3 min at 22-25 °C with or without fur-
ther incubation with thrombin or collagen for 5 min
at 22-25 °C. Intact platelets were served as control.
After incubation, platelets were washed by 0.05 M
PBS, pH 7.4, with 0.13 M NaCl by centrifugation
at 1,000 g at 25 °C. Platelets were resuspended in
1.5 ml of 0.05 M PBS, pH 7.4, with 0.13 M NaCl,
according with manufacturer’s instruction. FITC-
conjugated annexin AS was added to all samples and
suspension was incubated in the darkness at room
temperature for 30 min. Fluorescence intensity was
monitored by Coulter Epics flow cytometer (Beck-
man Coulter, USA) via FL1 channel (515-535 nm).
Annexin A5 exposure on the platelet surface was
estimated using two parameters: 1) the percentage
of annexin AS-positive cells of total cell number in
the sample 2) the fluorescence intensity which was
detected via FL1 channel (515-535 nm). To obtain
statistically significant results no less than 15,000
events were analyzed for each sample. The measure-
ment of cytometric parameters in each group of cells
was carried out in duplicate, and the mean value was
calculated based on the values obtained from all do-
nors.

The results were graphically presented using
“FCS Express V3” (De Novo Software, USA). The
data were expressed as mean = SD. Statistical analy-
sis of the results was performed with using of Stu-
dent’s t-test, the difference was considered as signifi-
cant at P < 0.05.

Results and Discussion

For better presentation of flow cytometry re-
sults two gated regions were created. Gated region
M1 was set to estimate the population of annexin
AS5-positive platelets and M2 marker was crea-
ted around the clearly identifiable sub-population
showing high level of annexin A5 binding. (Fig. 1).
We found that among intact platelets there was only
small amount of cells exposing phosphatidylserine
on their surface (3.6 + 1.3%), see Fig. 2. Thrombin
stimulation (1 unit NIH/ml) increased the amount of
annexin A5 positive cells in 8.6 times (31 £ 3.9%).
It has to be noted that large proportion of the plate-
lets (2/3) displayed high level of annexin AS binding.
Framing such sub-population during thrombin ac-
tivation was shown at the dot graph (see Adden-
dum 1): dot density was significantly shifted on the
right by axis FL1 LOG, indicating the high fluores-
cence intensity of thrombin-stimulated platelets. The
average fluorescence of this sub-population was 1.5-
2 times higher than in the whole population of an-
nexin A5-positive cells. Thrombin stimulation led to
phosphatidylserine exposure and as a result annexin
A5 binding on the platelet surface. The proportion
of annexin AS5-positive platelets became larger and
it was noticed the appearance of sub-population of
platelets with intensive fluorescence.

Incubation with Glu-plasminogen followed
by thrombin stimulation resulted in the increase of
population of annexin AS5-positive platelets (in 1.6
times). Under these conditions, the effect of Lys-
plasminogen was more moderate. In case of Lys-
plasminogen effect, the changes were related with
the sub-population of platelets showing low level of
annexin A5 binding (Addendum 1, group “Lys-Pg
+ Thr”). It has to be noted that plasminogen itself,
in the absence of stimulation, had no influence on
platelet functions.

Collagen was a potent stimulator of phosphati-
dylserine exposure as the amount of annexin AS5-
binding platelets increased on 55.3 + 8.8% (Fig. 3,
A). Most annexin A5-positive cells possessed high
fluorescence. The fluorescence intensity of these
cells was 6 times higher as compared to this one
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Fig. 1. Thrombin effect on annexin A5 binding by washed human platelets (typical histogram). M1 — popula-
tion of annexin A5-positive platelets, M2 — sub-population of platelets showing high level annexin A5 binding.
FLI LOG — the log of FITC-fluorescence intensity: m — intact platelets without annexin A5; O — thrombin-
stimulated platelets with added annexin A5; O — intact platelets with added annexin A5
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Fig. 2. Effects of Glu- and Lys-plasminogen on annexin A5 exposure on thrombin-stimulated platelets (n = 4).
M1 — population of annexin A5-positive platelets, M2 — sub-population of platelets showing high level annexin
A5 binding. Difference in the compared groups is statistically significant (P < 0.05): * compared to the group
“Intact platelets”, # compared to the group “Thrombin”
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for population of intact cells (Fig. 3, B). The sub-
population of platelets showing high level of annexin
A5 binding was framed (Addendum 2, “Collagen”):
dot density was significantly shifted on the right
by axis FL1 LOG, indicating the high fluorescence
intensity of collagen-stimulated platelets. Vertical
division of annexin AS5-positive cells showed the in-
creasing granularity under collagen stimulation. It
should be noted that the proportion of the platelets
showing high level of annexin A5 binding was even
larger (4/5) than in case of thrombin. Pre-incubation
of platelets with Glu-plasminogen enhanced the
collagen effect: the number of annexin AS-positive
platelets was not significantly changed, however, the

fluorescence intensity of these cells increased at least
in two times. Incubation with Glu-plasminogen in-
duced the formation of the larger population of plate-
lets showing high level of annexin A5 binding. Lys-
plasminogen under these conditions had no effects.
The relationship between plasminogen binding
to cells and phosphatidylserine exposure has been
earlier described in the literature [9-11]. O'Mullane
et al. showed that in the presence of apoptotic fac-
tors (thrombin is considered as one of them) exo-
genous Glu-plasminogen considerably increases
phosphatidylserine exposure on the surface of cells
of monocyte culture U 937 [12]. According to our
data, thrombin is not only stimulates platelet activa-
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Fig. 3. Effects of Glu- and Lys-plasminogen on annexin A5 exposure on collagen-stimulated platelets (n = 3):
A — amount of annexin A5 positive cells, B — fluorescence intensity. M1 — population of annexin A5-positive
platelets; M2 — sub-population of platelets showing high level of annexin A5 binding. Difference in the com-
pared groups is statistically significant (P < 0.05): * compared to the group “Intact platelets”, # compared to

the group “Collagen”
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tion and secretion of a-granules, but also potentiates
the formation of procoagulant surface. Thrombin
stimulation led to activation of surface receptors GP
Ib and IIblla and triggers the chain of events which
leads to the formation of procoagulant surface (see
Fig. 4). As it was previously shown the inhibition
of these receptors on the platelet surface by specific
antibodies blocked the exposure of procoagulant ac-
tivity on platelets [13].

According to our data, Glu-plasminogen can
be considered as a co-stimulator of agonist-induced
platelet secretion and procoagulant surface forma-
tion. Effects of Lys-plasminogen are probably di-
rected at platelet-platelet interactions and not related
to agonist-stimulated pro-apoptotic changes. We
showed that the stimulating effect of Glu-plasmi-
nogen in exposure of phosphatidylserine was more
pronounced under thrombin stimulation. It can be
explained by the fact that these agonists realize their
stimulating effects through different ways. Dormann
et al. suggested that in case of thrombin, platelet gly-
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coprotein GP Ib plays an essential role in the forma-
tion of platelet procoagulant surface [13]. In case of
collagen, this glycoprotein is not involved.

The obtained results highlight the possibility
of the practical use of two forms of plasminogen in
therapeutic practice. As it was noted before, Lys-
plasminogen in complex with streptokinase can be
considered as a tool for the treatment of patients
with deep vein thrombosis [14] and administration
of Glu-plasminogen improves the healing of chronic
diabetes wounds in a mouse model of diabetes [15].
Besides, it was shown that platelets in type 2 diabetic
individuals adhere to vascular endothelium and ag-
gregate more readily than those in healthy people
[16]. Lys-plasminogen, which shows its anti-aggre-
gation effect, seems to be a good candidate for cor-
relation of such pathological state.

In conclusion, the obtained results indicate the
different effects of Glu- and Lys-plasminogen on
platelet functions. The precise mechanisms of these
effects need further investigation and will be clari-

M. DPlatelet _7

annexin V

Fig. 4. Thrombin influence on platelet activation and phosphatidylserine exposure. GP Ib — integral platelet
glycoprotein, PS — phosphatidylserine; IIbllla — platelet integrin, adhesive ligands for IIbllla: vWf — von

Willebrand factor, Fg — fibrinogen, Fn — fibronectin
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Addendum 1. Effects of Glu- and Lys-plasminogen on annexin A5 exposure under thrombin stimulation (typi-
cal dot graph): SS LOG — the log side scatter (platelet granularity), FLI LOG — the log of FITC-fluorescence
intensity. Red colour here and after — annexin A5 positive cells
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Addendum 2. Effects of Glu- and Lys-plasminogen on annexin A5 exposure under collagen stimulation (typi-
cal dot graph): SS LOG — the log side scatter (platelet granularity), FLI LOG — the log of FITC-fluorescence

intensity
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fied in the future studies. However, we suggest that
the conformational differences between native and
truncated forms of plasminogen molecules could
play the principal role for realization of above-men-
tioned effects.
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[TnasMiHoreH/miua3MiHoBa CHCTEMA  BIJIIO-
BiJJac 3a MIATPUMKY TI'e€MOCTATHYHOTO OajaHCy
KpoBi. BoHO"ac n1a3MiHOTEH MOXKE BUCTYTIATH SIK
aAre3WBHUM JITaH] 1 TAKUM YUHOM BIUIMBATU HA
(GYHKIIOHYBaHHS KJIITHH KpoBi. Hamu Oyio moka-
3aHO, IO eK30TeHHUH Lys-1ia3MiHOTeH, Ha BIIMIHY
Bin Glu-dopmu, mnpusBoguTh 10 iHTIOyBaHHS
TPOMOOIMTAPHOT arperaiiii Ta IpUrHiuye CeKperito
o-rpaHys TpoMOouuTiB. Meta 11iel poOOTH —
nocmiauty BrutnB Glu- ta Lys-dopM miia3minoreny
Ha (opMyBaHHS TPOKOATYJISHTHOI  IOBEPXHI
TPOMOOIMTIB, BUKOPHCTOBYIOUH SIK MapKep eKc-
noHyBaHHs (GochaTHAUICEPUH Ha TPOMOOIHTAX.
TpoMOOIUTH OTPUMYBaJIHU 31 30arauyeHoi TPOMOOIHU-
TaMH I1JIa3MHU (37I0POBI IOHOPU-BOJIOHTEPH, YOTIOBIKH
BikoM 30—40 pokiB) MeTO/IOM Tenb-xpoMaTorpadii
Ha cedapo3i 2B. ExcrnonyBanus ¢ocdarunni-
CepMHY Ha IIOBEPXHI TPOMOOIMTIB OILIHIOBAJIN
METOZIOM MPOTOKOBOI HHUTOPIyOpUMETpii 3a Jo-
nomoroto  DITLl-kon’roroBaHoro aHekcuHy AS.
[okazano, mo Glu- ta Lys-popmu mia3miHoreHy
CIPUYHMHSUIM PI3HUHA BIUTMB Ha (YHKI[IOHYBaHHS
TpoMOonuTiB. Ex3oreHHuii Lys-mja3MiHOreH He
MaB ICTOTHOrO BIUIMBY Ha CKCIIOHYBaHHS (oc-
(dbatuauicepuny, B Toit 4yac sk Glu-mia3miHorex
3a IHUX yMOB IPHU3BOAWB JO IiJBUIIECHOTO €K-
crioHyBaHHsI (ocdaruauncepuny Ha TNOBEPXHi
TPOMOOIMTIB aKTHBOBaHUX TPOMOiIHOM abo Koia-
reHOM. 3p00JIeHO BHCHOBOK IIOJI0 MOXKJIMBOI poIi

Glu-nna3MiHOreHy $IK KO-CTUMYJIATOpA aroHicT-
1HJyKOBaHOI ceKpelii TpOMOOIHMTIB, TaK i CTUMY-
nsropa (GopMyBaHHS MPOKOATYJISHTHOI IMOBEPXHI.
Edextn Lys-niasminoreHy WMOBIpHO CHpsSIMOBaHi
Ha MDKTPOMOOLIMTapHY B3a€EMOJII0 i HE MOB'I3aHi
3 aroHIiCT-CTUMYJIBOBAHHMHU TPO-aNONTUYHHUMH
3miHamu.  Piznuit edexr Glu- ta Lys- dopm
IIa3MiHOT€HY MOXe OyTH NOSICHEHUH CTPYKTYPHH-
MU OCOOJIMBOCTSIMH BiJITIOBITHUX (hOPM 3UMOTEHY.

Knmouosi cnoBa: Glu- Ta Lys-
MJIa3MIHOT€H, eKCIIOHYyBaHHs (ochaTuauicepuny,
TPOMOOIIMTH.

GLU- 1 LYS-®OPMbI
IHHJIASMUHOI'EHA OKA3BIBAIOT
PA3HOE BJIMAHUE HA
IKCIIOHUPOBAHUE
OOCPATUANJICEPUHA HA
HOBEPXHOCTHU TPOMBOIIUTOB
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T. B. I punenko
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[Mna3MuHOTEH/TITA3MUHOBAsT CHCTEMa OTBe-
YaeT 3a MojJepKaHue TeMOCTaTHYecKoro OajiaHca
KpoBU. B TO ke Bpemsi MIIa3MHHOTEH MOXET BbI-
CTyNaTh B POJHU aJF€3MBHOTO JIMTAHJIA M TaKUM
o0pa3oM BIHATH Ha (YHKIIMOHHPOBAHHE KIIETOK
kpoBd. Hamu ObLIO IMOKa3aHO, YTO 3K30TCHHBIN
Lys-nnasmunoren, B orimune oT Glu-gopmsr,
CIOCOOCTBYET HMHTHOMPOBAHHIO TPOMOOIUTAP-
HOW arperarny U TOJAABIISIET CEKPEIUIO O-T'PAHYI
TpomOonuTOB. Llenb HacTosmeH paboThl — UCCIe-
nosath Biustare Glu- u Lys-GopMbl miia3MuHOreHa
Ha (OPMHPOBAHME MPOKOATYISHTHOW MOBEPXHO-
CTH TPOMOOIIMTOB, UCIIONB3YsI B KAUECTBE MapKepa
IKCIIOHUpOBaHKEe (ocdarunuiceprura Ha TpomOo-
nurax. TpoMOOLUTHI MOJyYaiu U3 00OTalCHHON
TPOMOOIIUTAMH IJIa3Mbl  (31I0POBBIE JIOHOPHI-JI0-
OpoBOITBITEI, MYKUUHBI 30—40 JIeT) METOIOM Tellb-
xpomarorpaduu Ha cedapose 2B. DkcrioHupoBanue
(dhocharuaniceprHa Ha TOBEPXHOCTH TPOMOOIIHU-
TOB OLEHUBAJIU METOAOM IMPOTOYHON ITUTO(IIYO-
pumetpuu ¢ nomoupo GUTII-koHBIOrHPOBAaHHOTO
anHekcuHa AS. Tlokaszano, uro, Glu- u Lys-hopmbr
IUTa3MUHOTEHA TIPOSIBISUTH  pas3Hblil addekr Ha
(OYHKIIMOHUPOBaHUE TPOMOOIMTOB. DK30TeHHBIN
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Lys-nna3MuHOTeH He OKa3bIBaj CYIIECTBEHHOI'O
BIIMSIHUSL Ha DKCIOHUpOBaHME (docharuauicepu-
Ha, B TO BpeMs Kak Glu-ruia3MMHOTEH B THX YC-
JIOBUSIX TPUBOJWI K TIOBBIIICHUIO YPOBHS JKCIIO-
HUPOBaHHOTO ochaTuauiceprHa Ha IOBEPXHOCTH
TPOMOOIITOB aKTUBUPOBAHHBIX TPOMOMHOM WIIH
kosareHoMm. Crenaiy BBIBOJ O BO3MOXHOH pOJH
Glu-nmnasMuHOreHa Kak KO-CTHMYJISTOpa aro-
HUCT-UHIYIIMPOBAHHOW CEKPELMH TPOMOOIHUTOB H
CTUMYJIsiTOpa (QOPMUPOBAHUS MPOKOATYISTHTHOU
noBepxHocTU. DPPekTsl Lys-mnazsMuHoreHa Bepo-
SITHO HaIpaBJieHbl HA MEXTPOMOOLHUTApHBIC B3a-
WMOJCUCTBHUSI M HE CBS3aHBI C arOHUCT-CTUMYJIU-
POBaHHBIMH TPO-aNONTHUYECKUMH H3MEHEHUSIMU.
Pasnsiit addext Glu- n Lys- ¢popm nnasmuHorena
MOXET OBITh OOBSCHEH CTPYKTYPHBIMH OCOOCHHO-
CTSIMU COOTBETCTBYIOIIUX (DOPM 3MMOTreHa.

KnwoueBse cmoBa: Glu- u Lys-
IIJIa3MUHOI'€H, SKCIIOHUpoBaHue dochaTuanicepu-
Ha, TPOMOOITUTEL.
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