Inhibition of ADP-induced Platelet Aggregation by
Plasma Fibronection
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Abbreviations: & -ACA, & -amino-n-caproic acid; ADP, adenosine 5-diphosphate ; ATP,
adenosine 5'- triphosphate ; BSA, bovine serum albumin; Bz, benzamidine hydrochloride ;
EDTA, ethylenediamine tetraacetic acid; FN, fibronectin; Fbgn, fibrinogen: GP,
glycoprotein ; L-L, luciferin-luciferase ; ME, mercaptoethanol ; P-FN, plasma fibronectin ;
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Plt, platelet; PMSF, phenylmethyl sulfonylfluoride; PRP, platelet rich plasma; SDS,
sodium dodecy! sulfate ; TBS, tris-buffered saline ; Tris, 2-amino-2-hydroxymethy-1,3-prop-

anediol ; vWF, von Willebrand factor
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USA) &b, RV X7 3 Y UERIE (benzamidine
hydrochloride, Bz) it Aldrich chemical company
(Milwaukee, US.A) & D, 6-73 /-N-»7ur@
(& -amino-n-caproic acid, ¢ -ACA), 727 )V V7 3
F, N, N-XFLUYERFZULT S K, RFYLHR
BrrVUTLa, NN, NN-F S AFLLF LY
Ty, BHEEBTVE= UL, AN TS ) —
)V (2-mercaptoethanol, 2ME), L-7 V¥ = > =+ Vv
Y7 & v UEEE (ethylenediamine tetraacetic
acid, EDTA) iZfItHI3E T A SH (KBR) & D #
AL7. ~%Y >~ (sodium heparin) iZ NOVO-NO-
RDISK a/s (Bagsvaerd, Demmerk) & D, 3.8% ik
A7 bo—tid, ERREFESE W) L OBAL
2. 74 7Y /4% »ix Kabi Vitrum (Stockholm,
Sweden) &V Grade LDOHDEBAL, 72 oB%
HATWA 2 150mM NaCl/20mM 2-amino-2-h-
ydroxymethyl-1, 3-propanediol (Tris)-HCl pH7 . 4
(Tris-buffered saline, TBS) iz TEREEE L. *
DRI, TRTECERRAXGOFTRE2ERL
7z

II. M7 4 7ARSF> nHES

m#E7 4 7ax 7 F 1%, Sixma & D FED 2 #
L, " MREEMZTT-0. Tabb, EMHBO
ENTFMER M 2 EHEL, EDTA 50mM,
PMSF 0.2mM, Bz 5mM, ¢ -ACA 5mM, (W &
BE) Kk X3 CHmML, EO0# (Model RS-18
Tomyseiko, Tokyo) T 7000rpm 155 (4 °C) &
Uiz, LERE®, BEERCTHREL-BIIEE B
Z7% o7z, Sepharose 4B K UF Gelatine sepharose
4B iidH 5 U 50mM Tris-HCl (pH7.4) 150mM
NaCl, 5mM EDTA, 0.2mM PMSF, 5mM Bz,
SmM ¢ -ACA, (BB A) TERTICEE LTS
&, BK®BoOMIE% Sepharose 4B 2 7L A T4k L
T Gelatine sepharose 4B Z#0L 2. W0k, 7L
H7 L%kDF &, Gelatin sepharose 4B * 5B D&
ERATHESE L. 25 KESED 50mM Tris-HCI
(PH7.4), IM NaCl iz TH##¥ L, BR&KH I 50mM
Tris-HCl (pH7.4), IM L-7 A ¥ = > T L 7.
BHBERCCRABEDOB 757 v a v kB, K&
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Fig.1. Measurement of ATP released from
washed human platelets a) At the start of the
assay, 50x 1 of luciferin-luciferase solution
(L-L) was added to 400 1 of platelet rich
plasma. After 30 seconds, 50x 1 of. ADP
solution was added. b) At the start of the
assay, 50 1 of L-L was added to 400x 1 of
washed human platelet. After 30 seconds, 50
1 of ADP solution was added. c¢) 50u 1 of
ADP solution was added 30 seconds after the
start of the assay. And after 1 minute, L-L
was added. d) 50x 1 of ADP solution was
added 30 seconds after the start of the assay.
And after 6 minutes, L-L was added.
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Fig. 2. Elution profile of plasma fibronectin
from column chromatography. a) Gelatin
sepharose 4B affinity chromatography. 160ml
of outdated fresh frozen plasma that had been
made 5mM in Bz, 0.2mM in PMSF, 50mM in
EDTA, and 5mM in ¢ -ACA was applied to a
column of gelatin sepharose 4B (20ml bed
volume). Plasma fibronectin was eluted with
1M L-arginine and collected into 3ml fractio-
ns. b) Arginine sepharose 4B affinity chrom-
atography. Fractions that contained plasma
fibronectin from the gelatin sepharose 4B
column were pooled, dialyzed, and passed
through a column of arginine sepharose 4B
(18ml bed volume). Fibronectin was eluted
with 50mM Tris, 150mM NaCl, and collected
into 2.5ml fractions.
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51Z Arginine sepharose dB D7 7 4 =5 4 — 7 o~
NS T — R Tl BRIEBTET CRAFENLT D
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L2b 3 FRRIELWFTHIDT, ZDOBRIKE
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4B Kk U Arginine sepharose 4B O ZfED T 7 4 =
TA4=20% 57—, fFuBEM L7 1 7o
A7FUERFERLE.
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ml DIRBE T 2REERITEA LB, & 51
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LU 1REEIR, WIFROBEDBSIZLHL 2
BEE2Z0 o7, 55 WCHBE T2 g/ml 2T
DM ¢ 737 F > BT 7 23 1 WEEEIC 1312
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fEsmtote. M7 4+ 7orrFoid, zoBEl
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M/MRESR I T 2 B I B e ¢, MsE7 4 7
UAZFUBEET ATV AV RT3 2 L Ic
DIVMREERICHE LT 3 MR D R Wb 0 b &
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ug/ml E—FBWZLT, 747V ) F o BE»T{Ls

Fig.3. SDS-polyacrylamide gel electrophoresis
of purified plasma fibronectin. Lane (a),
plasma fibronectin from gelatin sepharose 4B,
non-reduced. Lane (b), plasma fibeonectin
from arginine sepharose 4B, non-reduced.
Lane (c), plasma fibronectin from gelatin
sepharose 4B, reduced. Lane (d), plasma
fibeonectin from arginine sepharose 4B,
reduced. A 4/5% gel was used and each slot
was loaded with 254 g of protein. Samples
were reduced with 29 2-mercaptoethanol.
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% light transmission

& ¥¢Final concentration
] Platelet 3X10%/ ul
ADP 10uM
Fbgn 143 29/ mi
P—FN (1) Owug/mi
(h) 100ug/ml
() 200xg/ml
(V) 400ug/ml
(V) 600ug/ml
3
0 2 4 6 8 10 time (minute)

Fig. 4. Effect of various concentrations of plasma fibronectin (P-FN) on platelet
aggegation. Various concentrations of plasma fibronectin were tested in the
presence of ADP (10x M) and fibrinogen (1434 g/ml). The assay was started
with strring and incubating 150 1 of platelet suspension at 37°C. After two
minutes, 504 1 of plasma fibronectin was added. After three minutes, 251 of
fibrinogen was added. And after four minutes, 254 1 of ADP was added.
Horizontal bar indicates time (minute), and vertical bar indicates % light
transmission.

P—FN 1509/ml P—FN 300ug/ml
§ &
g 5
5
=4
s
-
5
x
2 4 6 8 time (minute) 2 4 6 3 10 time (minute)
YrFinal concentration
Platelet 3.0X10%/ u!
s ADP 10uM
= Fbgn 95.3u9/ml

Fig.5. Effect of incubation of plasma fibronectin with fibrinogen on inhibition
of platelet aggregation by plasma fibronectin (P-FN). Solid line: Plasma
fibronectin was incubated with fibrinogen over night at 4°C. Dotted line:
Plasma fibronectin and fibrinogen were incubated separately over night at
4°C. Left figure: Final concentration of P-FN was 1504 g/ml. Right figure:
Pinal concentration of P-FN was 300 g/ml. Horizontal bar indicates time
(minute) and vertical bar indicates % light transmission.
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) on) m) (V)

. P—FN (—) (=) (=) (=)
g B P—FN (+) +) )
5 ()
)
NS

2 4 2 4 2 4 6 2 4 6 time (minute)
Final concentration
N Platelet 3.0X105/ ul, P—FN 720ug/ml, ADP 10uM
e Fogn (1) 460ug/ml (1) 383ug/m (M) 288ug/mi (N) 143ug/ml

Fig.6. Effect of various concentrations of fibrinogen on inhibition of platelet
aggregation by plasma fibronectin (P-FN). Various concentrations of
fibrinogen were tested in the presence of ADP (104 M) and plasma fibronectin
(7202 g/ml). Horizontsl bar indicates time (minute), and vertical bar indicat-
es % light transmission.

(n () ()

S| PN e o [ =) +)

% light transmission

2 4 2 4 2 4 6 8 time (minute)
Final concentration
Platelet 3.0X105/ ui, Fbgn 288ug/ml, P—FN 720ug/mi
ADP () 25uM (1) 10uM () 6.7uM

0%

Fig.7. Effect of various concentrations of ADP on inhibition of platelet
aggregation by plasma fibronectin. Various concentrations of ADP were tested
in the presence of fibrinogen (288 g/ml) and plasma fibronectin (7204 g/ml).
Horizontal bar indicates time (minute) and vertical bar indecates % light

transmission.
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ERSILT- L ED A, DRICHHREbIMHL 7.

ATP
umol equivalent
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L]
1.5 .
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1.0
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« o H
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0 240 360 480 T0ug/m  P—FN

Fig. 8. Effect of plasma fibronectin on release
reaction of platelets.
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Abstract

It has been well known that some kinds of adhesive protein are involved in platelet
aggregation, but the exact role of them is still unclear. In this paper, the effect of plasma
fibronectin on ADP-induced aggregation and the release reaction of washed human
platelets was investigated. In the presence of fibrinogen (148 2 g/ml) and ADP (10u M),
plasma fibronectin prolonged the lag-time of the secondary aggregation in a dose-depend-
ent manner, and completely inhibited the secondary aggregation at a concentration of 600 u
g/ml. At a fixed concentration of plasma fibronectin (720 # g/ml), its inhibitory effect was
more evident when a lower concentration of fibrinogen or ADP was present. The secretion
of ATP from the platelets was also inhibited by plasma fibronectin, when the secondary
aggregation was inhibited. Plasma fibronectin did not inhibit primary aggregation under
any of the conditions. The inhibitory effect of plasma fibronectin remained unchanged
even when the affinity of plasma fibronectin to fibrinogen was enhanced by the incubation
of plasma fibronectin with fibrinogen over night at 4°C. From these results and from the
low affinity of plasma fibronectin to fibrinogen under experimental conditions, it is
concluded that plasma fibronectin inhibited the binding of normally ADP-stimulated
platelets to fibrinogen, and consequently inhibited the platelet aggregation. The
physiological role of plasma fibronectin upon platelet aggregation remains unclear. A
concentration of 6004 g/ ml of plasma fibronectin was necessary to completely inhibit
platelet aggregation induced by ADP in the presence of 1434 g/ml of fibrinogen.
Considering that the concentrations of plasma fibronectin were twofold and the fibrinogen
concentration was.one twentieth of normal plasma, concentrations of these two kinds of
adhesive protein are not physiological. However, the inhibitory effect of plasma fibronectin
was more pronounced when the platelets were stimulated by a lower dose of ADP, and it
is supposed that platelets in the circulation are stimulated by a far lower concentration of
ADP than the experimental concentration. Therefore, the results obtained here suggest that
plasma fibronectin regulates the aggregability of platelets in vivo.



