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Abstract

Fibrin clot retraction may be important
in the resolution of thrombi. Contraction of
fibrin clots helps to maintain the patency of
iqjury blood wvessels. Physiologically, clot
retraction may enhance clot lysis and facilitate
recanalization of blood vessels. However, the
mechanism of clot retraction remains unclear,
though in platelet-rich plasma it has been
clearly shown to resuit from the interaction of
a static, non-motile fibrin mesh and dynamic,
actively motile blood platelets. Recently, it
has been demonstrated that integrin oynf3s
{glycoprotein I1b/Illa complex; GP Ilb/Ila
complex), a platelet surface receptor for
fibrinogen, is essential for platelet-dependent
clot retraction, The effects of anti-omf:
monoclonal antibodies (mAbs) and synthetic
omPs ligand-mimetic  peptides provided
insights into the functional requirements of
amfs for clot retraction. Platelet stimulation
could support clot retraction through a direct
action on ompfd; or by stimulation of other
processes such as cytoskeletal assembly.

omfs belongs to the Pi subfamily of
integrins, adhesion receptors involved in
development, inflammation, metastasis, and
thrombosts. o.fB; is widely distributed in
tissues such as endothelial cells and
fibroblasts. aumf3s is relatively piatelet specific,
yet cells such as fibroblasts can also retract
clots. owf}; has fibrinogen-binding activity
similar to omfB;. These considerations
prompted us to examine the role of o,fs in
fibrin clot retraction.

Triflavin, a potent platelet aggregation

inhibitor, was purified from the venom of
Trimeresurus flavoviridis. Its sequence is rich
in cysteine and contains the Arg-Gly-Asp
sequence at residues 49-51 in the carboxy
terminal domain. The Arg-Gly-Asp sequence
of triflavin plays an important role in
mediating the binding of triflavin towards GP
Iib/Illa complex. Triflavin inhibits platelet
aggregation by mnterfering with the interaction
of fibrinogen with the GP TIb/IIla complex
(cumPBs integrin). It is an effective agent in the
prevention of thromboembolism. The present
study was designed to determine the effect of
triflavin on fibrin clot retraction, and 1o
compare the relative activities of synthetic
GRGDS peptide, anti-P-selectin, anti-om,[3
and anti-o,f3; mAbs in this reaction.

In this study, we found that human
platelets (1 x 10°/ml) and HUVECs (1 x
107/ml) markedly promoted the fibrin clot
retraction. On the other hand, triftavin (1 uM)
significantly inhibited platelet-induced fibrin
clot retraction about 80%, whereas P-selectin
monoclonal antibody did not affect this
reaction. Furthermore, triflavin (1 uM) also
significantly inhibited HUVEC-induced fibrin
clot retraction, the potency is very similar to
anti-oyfB; mAb in HUVEC-induced fibrin clot
retraction.
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fibrin clot retraction,
endothelial ceils

T 4%Bhaa

BEERARTANRELTEN LR
oo M AR G BRI R B O 45 89 3, & (fibrin
clot retraction) - £ A L& EH T T > b
fibrin clot retraction #E% 85 & fobk fo i 3k
& 5 A% B R he ik fe B 49 recanalization
DRttt FhitE 2451
FEMAG o & 8 ATeyM R T 4o fibrin clot
retraction ¥ £ R E B H L L LG
B oWbhHEEBHMG A MR A
YR Mg A 69(2) o M7 =& 2 B e 4n 2



16 B ¥ 1% fi sk retraction M KBETR
B AR AT 2 BT 5 & EER
(—)a P NRAMBEFLEMELNABR
(pseudopod) Frifi sk & RBHA A2 &
ARV A kg T E R
| f IR 0 M &k fibrin clot
retraction (3) » (=) fr42i¥ 3% (Zipper
model) ; #3233 A b AR - e AR 2 F i
5 —# % 34 clot retraction B9 E £ H
T ORBLERSG N 0 FECA MR
RHBRE  SHREFEHLPRZABR
R li48 EE A — AL 0 M WAL
B do ARA R B R AL BL A2 B
AR =8 fe AR 2 [ G R AR B X E
R W i gy, retraction #93R & o (Z)H — 48
BB AHDMAEE > & MRE LS HE
RahmMER RSB EEASGE MKk
ARG EEHMEE O %A ERT Mt
AT &A% 7T A &5 T o) 4R 4@ BB P actinfe
actin-binding protein & microtubule % ]
HiBEAER - MR LRTHIE  miEF
BAB S HA R E Sk b S —d
% g%, fibrin clot retraction (2) < I3 4y
B B R B R Fo R G S
H 2 MR A/ MRAEE K fibin clot
retractiondy L 2B E > A2 8 AT A L&
BB ERALARLAHES -
BRAKATH 4R R sn AR fo s 4 B 2 2
Mlagte 24 R A A& fibrin clot retraction
HNEZAE B3 AKb ) ReiEiBE
BIATHE LR S SR BV B AT 8O B R 48
R T o MR EB AR T OBEEER
% # (fibrinogen receptor) 43k % A&k &
Ib/Iila 58 4 4  (glycoprotein Ilb/Illa
complex; amfs integrin) I E— BB EER
&) A &(4) « Integrin 535 — & tmfity & ® i
FE TS B integrin FREA
S5 AR SbARIE F MM 0 AR A A w848 &
#1:X 8 7T (heterodimeric subunit) o=k & 7t
FoBREA LHMRE LR A AFS T
REES) - AHERL b DIRE
(thrombasthenic platelets) ~ % & &t % o
%800 D AR(6) B H E  ligand AN

BomPs XS4 (7) MR I AEREH
A thanB: X&4 (6) LARMEHE S fibrin
clot retraction #9847 o #| B fromPsth F iR
LB R F A A & ¥amBs ligand-mimetic
gipeptide (9) BT A4E B —Z ML LT
B R £ # amwbB; integrin £ fibrin clot
retraction P A HM A & -

FE L a EFEIRELTH e fibhn
clot retraction #9458 5 R P 4o bt ik b dx
44 ¥ ompPs integrin H Ao fibrin &
& B—d @ BT e b dm e N AR S Bl
Mo xa v R Eafm (cytoskeletal
assembly) i RSLEHE/EA o

omfPs £ integrin &9 4 % £ B A Bs
family, @ P; integrin family * £ 4% #1548 /g
—de A AR LARME: ot ipiRerdE
FEA -BERE MBS 4ER
R REZEG): 3-8 E a8 B
integrin family #o.f;integrine o, B, integrin
BAT AR BAN —mE bt 5 4o N
R ta B ~ fibroblasts ~ melanoma cells#fv
osteoclasts (5) > B H PomP:; F— Moy ff i
Fefo iR BRI B RS SF AN G A
Bt o

B A © 40 fibroblast & § 487
fibrin clot retraction & & & (10) »
fibroblast & & 7R+ & B 4 o f;integrin; %
St ofs 4 oumPsintegring — A ER T L fo —
sbft %K A 4o fibrinogen &4 - BG4
W R % i 3 fibroblast L #4035 integrin A
# & F IR 4 fAfibrin clot retraction ?3f 3
a1 A fibrin clot retraction W Fidy % h A
&, ol BafifeomPstb # A2 R A K48 clot
retraction ¥ > S AAS BB 2 E R A A
HEFTHHRRES -

A#F > waTArill fibrin clot retraction
B R-RBAGRE - WERT
omfs integrin 2 5k > R BB 349 AR
CHY S SR E? P-selectins —#75 £ 4
s AR o-granule K @ b &9 ERE G M
B RoFE4h 140 kDa o B FHEE
A GMP-140 (11); % o MRFELE € B
a-granule 5 3 4o B B % @ do R BL A&




st IR % 3% & PADGEM (platelet activation
dependent  granule-external  membrane
protein) o P& T s /iR A A P-selectin 2
g BAT R A & tw Bl B &) Weibel-
Palade body7F & & 38 1y P-selectin (11) - B
st R E o AR XA K s B 1ty P-selectin
Jr 481 fibrin clot retraction, {A45iE— &
R

Triftavin & —#HEG > KB EH
%% 3L (Trimeresurus flavoviridis)# ¥ & pr
(12, 13) - EHE 2 dp %) thrombin ~
collagen ~ ADP #a U46619 % /& 4B FF 3
AT fr P AREE R RE(12) 38 — F A TR
Hiriflavin ik § M & 37 ] 4 4 K & R Ao )
R éapp AR R @ IIb/la% 2 4 4(14) - B
b ¢ triflavin & — #2 § — 4 09 55 & G 1Ib/111a
RBERE BT RIEXEZHME
FE LM K X 8 (1)4E #fibrin clot
retraction 8y 4 A 3¢ 72 T o AR £ Y
amps integrinz b » & FP-selectinfe ) f 4w
Bt ¢honPs integrindh LR E 0 AR
R A %R - (D riflavin g
fibrin clot retraction&y 4% B . triflavinfy 7 =1
Rl A2t R BN ¥ he
fibrin clot retraction&y ¢ B M Av iR fn A2 45
A K it £ ) uf ek & triflavin - anti-
oty ~ anti-P-selectin R A B AT A
B% AR AE A ghanti-omPs E RS F B4 4% 0t
ERRE koL Ty Rl o 3

ZERAHS

HAMRE RMT > AR IR
&% %] 4% it fibrin clot retraction&] & 4 <« g
WS ERENR i M M - £ x
10°/mlth s B F » sbde & b =T 3§ #] 5k 5 %6
(BAFRFIE) > 5 9h o AEABFFIRA F b
fo. (HUVECS) wmdn g —#k ' B F R o
¥ o iy $2 o $Hibrin clot retraction#y £ A
£1 x 107/misd B & X ¥ plE M - B
EETEHEHRY & pbREEAL£] x
10°/ml&HUVECHE £ A1 x 107/mi > #—%
Fat dn AR B PSR de R AR L RO JE G 4 B 4%
d o

feo AR (1 x 107/m) & M & (] x
10/ml) 1% 3 85 B 44 5 o M 3% u #Hibrin clot
gretractionfE (B 1) - £ LB2)IFH >
st AR B PY R b iR 8 5T 53 B 70 £ 8 R
56 + 685 4E R - dbfibrin clot retraction
G R E > e NAREME R & e i N Bk
BE o

W b F B AT A o AR HE A St
fibrin clot retraction&#y R /& © #F & £ 195
Bt — H RSt AR e B B B BT G A
S8 B & o #1794 A glycoprotein ITb/Ila
complex &9 #% 1 Al triflavin LA & anti-P-selectin
BRI RE-THAEAMS - b 2
o] 4o L% Etriflavin (1 uM) 1% € 98 B a9 4
%) Az 9] #efibrin clot retractiondy R ME:E
80 % ; £k Wanti-P-selectin ¥ R340 88 A & ok
HpHlEM - B> SARATRS 0 SR
fm B B L #glycoprotein TIb/Ila complex)
Fk JE fn )~ #g 3] Aefibrin clot retractionéy & JE
FiIHrE— T ERHN A E » K MP-selectin
RITHE R £ L RUE -

BF o RO E— BT R mph
R BEAFRME - A wATEZ
triflavin & anti-oy s integrin B JRATEE 0 bh#R
W E AW A e iR 3] Azfibrin clot retraction &
Ryl RsAde B H 3VHET
e 4% gateiflavin (1 M) R anti-ovPs B iR 30
B (0uM) % wE S THBESBHN L
4a B 5] A2 B4 fibrin clot retraction® & ° B &
FapdphlERIETHEM - dATRERE
T K e b eyoyB; BRI AL L RE ¥
TirEAELELGA S Mmtriflavind 7T &
é\i'](lvﬁg, integrin_l-_ !FJ#P%'J s R o

Wt EAR B

AR R B4 2190 %E A F 3t
BOMRE  BAGERBMT EEHIEH AL
B 5L 2MMT - Ak SMHZED
LA BAR -

o 2F UK

1.Carroll, R.C., Gerrard, JM. and Gilliam,




J.M. (1981) Clot retraction facilitates clot
lysis. Blood, 57: 44-48.

2.Cohen, 1., Gerrard, JM. and White, J.G.
(1984) Uitrastructure of clots during
isometric contraction. J. Cell Biol., 93:
775-787.

3 Pollard, T.D., Fujiwara, K., Handin, R. and
Weiss, G. (1977) Contractile proteins in
platelet activation and contraction. Ann. N.
Y. Acad. Sci., 283: 218-236.

4 Phillips, D.R., Charo, 1.F., Parise, L.V. and
Fitzgerald, L.A. (1988) The platelet
membrane glycoprotein [Ib/illa complex.
Blood, 71: 831-836.

5.Hynes, R.O. (1992) Integrins: Versatility,
modulation, and signaling in cell adhesion.
Cell, 69: 11-25.

6.George, I.N., Caen, J.P. and Nurden, A.T.
(1990} Glanzmann’s thrombasthenia: The
spectrum of chnical disease. Blood, 75:
1383-1395.

7.Chen, Y P, O’Toole, T.E., Yianne, J,
Rosa, J.R. and Ginsberg, M H. (1994). A
point mutation in the integrin [
cytoplasmic domain (S8752-P) impairs
bidirectional signaling through omfs
(platelet glycoprotein lib/IIla). Blood, 84:
1857-1865.

8 Frelinger, A.L., Cohen, I, Plow, EF,,
Smith, M.A., Roberts, J., Lam, S.C.T. and
Ginsberg, M H. (1990) Selective inhibition
of integrin function by antibodies specific
for ligand-occupied receptor conformers. J.
Biol. Chem., 265: 6346-6352.

9 Hantgan, RR. (1988) Localization of the
domains of fibrin involved in binding to
platelets. Biochim. Biophys. Acta, 968: 36-
44,

10 Macieira-Coelho, A. and Azzarone, B.
(1990) Correlation between contractility
and proliferation in human fibroblasts. J.
Cell Physiol., 142: 610-614.

11.Stenberg, P.E., McEver, R.P., Shuman,
M.A., Jacques, Y.V. and Bainton, D.F.
(1985) A platelet alpha-granule membrane
protein (GMP-140) is expressed on the
plasma membrane after activation. J. Cell

Biol,, 101: 880-886.

12 Huang, T.F, Sheu, JR. and Teng,
C.M.(1991) A potent antiplatelet peptide,
triflavin, form Trimeresurus flavoviridis
snake venom. Biochem. J., 277: 351-357.

13 .Huang, T.F., Sheu, IR. and Teng, C.M.
(1991) Mechanism of action of a potent
antiplatelet  peptide, triflavin  from
Trimeresurus flavoviridis snake venom.
Thrombos. Haemostas., 66: 489-493.

14 .Huang, T.F., Sheu, J.R_, Lin, C.H.,, Chung,
J.L. and Teng, CM. (1991) Triflavin, an
antiplatelet Arg-Gly-Asp-containing
peptide, is a specific antagonist of platelet
membrane glycoprotein 1ib-Illa complex.
J. Biochem., 109: 328-334.




Percent Retraction

100 -

80 4
60 ~
40 -
20 -
/_’——t -9
O - 1 1
0 T 2
Hours

L AN d R B E R R B #3AKN & e B (HUVEC) 3| Ae i 4 & & 5%
W R EZ B e

A5 PBS 5% (@) ABEAEAFRR M & fe (1 x 107/ml, w) B ASE doo )
WA ER (1x 10°ml, [0) 4 %! Ao A fibronectin-depleted # &2 35 & » &
ICTFRETE 20 oA REBLEOS% IR EA LAY
#é (PBS) A8thdx > U B Y AFT - BIERFH4E + BERE
(n=4) &7 °




Percent Retraction

100 -

0 —

0 1

ro o

Hours

Bl 2. Triflavin g2 4, P-selectin 3 R340 ##04] do MR 3] Ao i 4 B & 50
B 45 R &5 B < - 4% PBS %2 (O) » triflavin (1 pM, V) 3, P-selectin
By LRI (10 1M, (1) 51 st Ao A fibrocectin-depleted 4 e 45 #+ & & 5
78 Bl PR FR(L x 10%/ml) o fE 1 R 295 0 48R
BREQHIVEBARIE - MBERTHE + BEREN-)ET -




Percent Retraction

100 -

0 I 2

Hours

3. Triflavin $4i0vB B RITAS $Hg 4] M & fo iR S AL 4 R B B )
42 RIEEE R o #% PBS z(0O) @ triflavin (1 pM, V)ftbiayps &9 F Rk
FLEE(10 uM, D) 3] S o fibrocectin-depleted &9 3 ¥ R & 5 4-4%
Bhoam i Ux107mle £ 1 R 2854 D 5IRE S 4%E a4
BB A EE - S4EFME + BEBRE(O=DET




