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Abstract

Endothelial integrity is necessary for the normal functioning of blood vessels and for
maintaining a non-thrombotic state, whereas endothelial damage induces platelet adhesion
to subendothelial matrices (such as collagen) following by trigger platelet aggregation.
When platelets are activated by agonists, platelets initially undergo shape change and
subsequently express fibrinogen receptor (GP IIb/Illa complex, O3 integrin) on their
membrane surface. Binding of fibrinogen to ayy[33 integrin appears to be the final common
pathway for platelet aggregation. Nowadays, it is well established that the [33integrin
recognition site on fibrinogen involves the Arg-Gly-Asp (RGD) sequence. When platelet
are activated, the morphological changes accompanied by changes in many signal
transductions including intracellular Ca™ mobilization, protein  phosphorylation,
phosphoinositide metabolism, prostanoid formation, intracellular pH changes, free radical
formation, and release of growth factors (such as PDGF) or cytokines etc. On the other
hand, activated but not resting, platelets have been shown to adhere to intact endothelium,
it has been suggested that platelet thrombi may also occur in the absence of endothelial cell
denudation, particularly in the microvasculature. However, the pathways responsible for
the interaction of platelets and the endothelium are not well characterized. The present
study is designed to compare and characterize the differences of intracellular signal
transductions while platelet adhesion to various extracellular matrices (ECMs; collagen
type IV, fibrinogen). Furthermore, this study is also designed to further clarify the roles of
the different receptors and cell associated-adhesive proteins involving in the interaction of
activated platelets with extracellular matrix. In addition, we also compare the relative
inhibitory activities of RGD-containing peptides (triflavin) with those of monoclonal
antibodies against the 33 integrin in these reactions. In the study of last year, we found that
ADP (10 pM)- or thrombin (0.5 U/ml)-activated platelets adhesion to immobilized
fibrinogen (0.5 mg/ml) and collagen type IV (20 pg/ml) were more pronounced as
compared with the resting platelets in a concentration- and time-dependent manners.
Activated platelets adhesion to immobilized collagen type IV was shown more pronounced
than fibrinogen. On the other hand, the maximal adhesion was reached about 60 min after
activated platelets addition to microplate wells pre-coated with fibrinogen or collagen. In
the present study, we found that the RGD-containing peptide, triflavin (10 plg/ml) was more
potent effect than anti-B; monoclonal antibody, Abciximab (20 pg/ml) at inhibiting the
thrombin-activated platelets adhesion to collagen type IV. However, both triflavin and
Abciximab show the similar activity at inhibiting the thrombin-activated platelets adhesion
to fibrinogen. On the other hand, in this study, we also present the results of MMP-9 in
platelet activation. Activated MMP-9 concentration-dependently (15-90 ng/ml) inhibited
platelet aggregation stimulated by agonists. Activated MMP-9 (21 and 90 ng/ml) inhibited
phosphoinositide breakdown, intracellular Ca™ mobilization, and thromboxane A,
formation in human platelets stimulated by collagen (1 pg/ml). In addition, activated
MMP-9 (21 and 90 ng/ml) significantly increased the formation of nitric oxide/cyclic GMP.

Keywords platelet, triflavin, Arg-Gly-Asp-containing peptide, anti-f3; integrin monoclonal
antibody, MMP-9
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Fig. 1 Concentration-response courses of adhesion of unstimulated and
thrombin-stimulated platelets to immobilized fibrinogen. Unstimulated (o ) and thrombin
(0.5 U/ml)-stimulated platelets ( ) were incubated with various concentrations of
immobilized fibrinogen (0.5-2.0 mg/ml) for 60 min in the absence or presence of triflavin
( ; TFV, 10 pg/ml) or Abciximab (O ; 20 pg/ml) in microplate wells. Data are presented
as means + S.E.M. (n=4). *P < 0.05 as compared with the control group (in the absence of
thrombin).
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Fig. 2 Concentration-response courses of adhesion of unstimulated and
thrombin-stimulated platelets to immobilized collagen type IV. Unstimulated (o ) and
thrombin (0.5 U/ml)-stimulated platelets ( ) were incubated with various concentrations
of immobilized collagen type IV (10-40 pg/ml) for 60 min in the absence or presence of
triflavin ( ; TFV, 10 pgg/ml) or Abciximab (O ; 20 pg/ml) in microplate wells. Data are
presented as means = S.E.M. (n=4). *P < 0.05 as compared with the control group (in the
absence of thrombin).
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Fig. 3 (A) Tracing curves of activated MMP-9 on collagen (1 pg/ml)-induced aggregation
and (B) concentration-inhibition curves of activated MMP-9 on collagen (1 pg/ml, o )-,
thrombin (0.01 U/ml, )-, U46619 (1 uM, [J), ADP (20 uM, <), and arachidonic acid
(60 uM, )-induced platelet aggregation in washed human platelets. Platelets were
preincubated with activated MMP-9 (15-90 ng/ml); agonists were then added to trigger
aggregation (lower tracings) and ATP release (upper tracings) (A). Data are presented as a

percentage of the control (means +£ S.E.M., n =4).
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Fig. 4 Effect of activated MMP-9 on collagen-induced inositol monophosphate formation
in  human platelets. [’H]-Inositol-labeled platelets were preincubated with
p-aminophenylmercuric acetate (10 uM) (AMPA, solvent control) or activated MMP-9 (21
and 90 ng/ml), followed by the addition of collagen (1 pg/ml) to trigger platelet
aggregation. Data are presented as the means = S.E.M. (n = 4). P <0.001 as compared
with the resting group; * P < 0.05 and " P < 0.001 as compared with the AMPA group.
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Fig. 5 Effect of activated MMP-9 on collagen-induced intracellular Ca™ mobilization in
human platelets. Platelets were preincubated with Fura 2-AM (5 uM) followed by the
addition of collagen (1 pg/ml) in the absence or presence of activated MMP-9 (21 and 90
ng/ml), which was added 3 min prior to the addition of collagen. Data are presented as the
means * S.E.M. (n=4). Profiles are representative examples of four similar experiments.
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Tablel

Effect of activated MMP-9 on thromboxane B,, nitrate and cyclic GMP
formation in washed human platelets.
Concentration Thromboxane B, Nitrate Cyclic GMP
(ng/ml) (LM) (pmol/ml)
n=>5 n=6 n=4
Resting 193.0£11.5 1.2+0.2 5.7+0.2
Collagen (pg/ml) 1 619.0 +23.8"" 4604 —
+ Activated MMP-9 (ng/ml) 21 392.8 £ 16.1% — —
90 3253 +17.8"% SEE— SEE—
Nitroglycerin (10 puM) 10 126 £1.6™
Activated MMP-9 (ng/ml) 21 58+0.8" 9.5+0.9"
90 6.6+0.5™ 11.7 £0.6™

Platelet suspensions were preincubated with activated MMP-9 (21 and 90 ng/ml) for 3 min
at 37°C ,and then collagen (1 pg/ml) was added to trigger thromboxane B, formation.
Addition of nitroglycerin into the platelet suspensions served as positive control of cyclic

sk

GMP. Data are presented as the means = S.E.M. (n= number). “P<0.01l and " P<0.001
as compared with the resting groups; P < 0.001 as compared with the collagen group.
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