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Abstract : The effect of verotoxin (VT)-1 produced by Escherichia coil O 157 on
platelets was studied with a laser light-assisted shear-induced platelet aggregometer and
with binding assays. VT-1 remarkably enhanced the platelet aggregation under low shear
stress, but did not affect it under high shear stress. The minimal concentration of VT-1
required for the enhancement was 0.25 ng/ml, and almost maximal enhancement was
achieved at a final concentration of 4 ng/ml. This enhanced platelet aggregation disappear-
ed after leukocyte depletion from normal platelet-rich plasma with a specific filter. In
contrast, with a standard platelet aggregometer such enhanced platelet aggregation was not
detected either in the presence or absence of ADP. !?»*I-Labeled VT-1 did not specifically
bind to normal washed platelets depleted of leukocytes, and thin layer chromatographic
analysis of neutral glycolipids extracted from normal platelet lysates also demonstrated
that leukocyte-depleted platelets lacked VT-1-specific receptor globotriaosylceramide
(Gb 3), but pre-filtered ones retained Gb 3. Supernatant from mononuclear cell suspension
stimulated with VT-1 enhanced platelet aggregation, but that from polymorphonuclear cell
suspension did not. Several cytokines released from monocytes reproduced this enhance-
ment i vitro. Further, plasmas from six out of seven patients with hemolytic uremic
syndrome (HUS) exhibited the same effect as did the purified VT-1. This effect was

“almost impaired after treatment of HUS plasmas with Gb 3 in accord with decreased levels
of plasma VT-1. Taken together, these results indicate that platelet lacks Gb 3, and VT-
1 appears to modulate platelet aggregation in an indirect fashion, presumably by releasing
cytokines or proteins from target tissues.

(ZE&E. J. Nara Med. Ass. 50, 112~126, 1999)

Key words . Escherichia coli O 157, verotoxin (VT)-1, hemolytic uremic syndrome (HUS),
low shear stress-induced platelet aggregation (Low-SIPA), globotriaosylceramide (Gb 3)
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P51 M SR FERERERAE (hemolytic uremic syndrome ;
HUS) 3 g, s, BREE2=F#s T
ZEERERTHHY. BAED RS Mk /MR
A MBS (thrombotic thrombocytopenic purpura ;
TTP) X HUS c#EiER X Iz 7cd D ThHY, WERE
DOFREL T B 7 b4 B HUS/TTP FEER & L TH
Db T 5. & Dbl HUS &, $hEE/NREE -
TLELIEERTT 5 HMEBROD EFRIETHA, Th
12X verotoxion (V) EE A KIBEE O 157 Bt i < BA
B3 A5ENREL N TWABD, TR TIE 1997 FiTk
AT CEMFBEL, 12,680 % D 0157 L E » b
1214 o HUS 23R fE(EE 42 %, BE» D FRERETI
BOLIcLHFHEERTW5Y. HUSORERTHS VT i
NERELTABSAGEER, VT-1 & VT2 &5
%. VT-1 3EBE FRFE (Shigelladysenteriae type 1) 0 g
4 5 EE B 5% (Shiga toxin ; ST) & RIEEAE OE
HERZHETHZ &, ST LRAUHEELE S
L b EEERHEEHE (Shiga-like toxin ; SLT) & & ¢
EhTkY, SETEEEREH—L (EEBER 7 7 ¢
) —(Stx) LT h 5. &R VT-1 & SLT-1 &ix
2 E—7, BWEW1DODT7 I VEERELBDLTH
5. —F, VI-1 & VT-2 L TRELGTF VLT %,
73 7BRIEFITH 56 KYoMEAKEEEL TWBDHTHE
BHEERIZEAERBRIE. VT-1 & VT-2 0fEE
BEREEYET LAY T == v b LENREE L E
ETHHMEERE LV 272 —ChBBEIRE 7 A ) 4
— 145 3 F(Gb3:GbOse3cen) TR ICIEEST S
By 7=2=v tO5BHENLERINTV5Y. Gb3 ik
b b OFMER M, RN EMES X OB E
BEEIhTW550, Z¥o HUS B ORER I, &
TIMERNERERL, ZEEEE SN EIEE L i
BERIEH L, SbRRIMVMRIIEE 7 4 7Y vl &
PREBREICTED OIS, 2R VT BMEENCBMERN
BHRzEE L b BERENR 2 LR Sh T
57, Lal, /MR OBRIEREAA LS %\,
VT o ifi/MRCHH3 5 fEH oS i3i& b <A i <, 1980
FHRX VT EAMMEoREE L5 L EEME L of
B i/MOREREMAFED bl & DBMED 3b 52,
CORIGRTIIEH VT AT Wiz, VT Lt
CAHABERCOERTOME b BEETE v, B
TTP om#c M/ MMOEEREELRD 2 2 LR ESh
T bH?, HUSTH 11 FiF 6 filo i i/ MREETE
WA B, BRAOME [gG TZ OIE®NH S s &
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HEZh T30, BHERIIMIBEECKIET VT 0
BRI T DI E T VT-1 B8 L, o
BVT-1 2 AW MR RIETHEL HUS T
F % M/ INMRIRA DREFF & 12D\ TORE 21T - 7o D TH
&5,
HA e F&E

il

DEAE-Sephacel ¥ /v, Mono-P 7 mr=<t 73—
v 75 7 &, Percoll X Pharmacia - LKB(Uppsala,
Sweden) #» &, ¥ #H Synchropak RP-8 # 5 & 1%
Synteck (Lafayette, IN) 22 BEEA L. ADP, v I
7 7 3 v(BSA) & Orcinol spray & % Sigma Chemi-
cal Co.(St Louis, MO), Iodo-Gen % Pierce(Rochfold,
IL), Na'#I (% Amersham Corp(Alington Heights,
UKD, neutral glycolipid standard mixture % Acurate
Chemical and Scientific(Westbury, NY), Gb 3 ik
Biocarb Chemical (Lund, Sweden), Aluminium coated
v U # &5 A F1500 TLC i Merck (Darmstadt, Ger-
many), tryptic soy broth % Difco Laboratories
(Detroit, MID), biotin EE#kHL~ v 2 IgG BHHA* v +
(Vectastain ABC & v »)i% Vecrot Lab(Burlingame,
CA), BImEkEFE 7 4+ v & —(Purecell PL 1]tk Pall
Biochemical Products Co(Glen Cove, NY) 2 bEEA L
fo. ¥ b7 4 7Y /% & von Wilebrand BRFGWEF)
ERENBEROTTHETHAL L2, BABEOBE I
BSA % ## L L7 BioRad EHHEIE* v + (Richmond,
CAWTHIE L fe.

VT-1 oFEs

Noda b DFE® O—HEHE L. Tibb VT-1
WSLT-1 ¢ &< A—DEEXFH O LB E. coli C
600 % SLT-I-converting phage THJE{L L 7z SLT-I
hyperproducing E. coil C600(86-02)¥k#% tryptic soy
broth 101 5T 37°C16 RefiETE L, B OEWEE THEY
120 g #E 7. Z OEME% 500ml © 50 mM Tris-HCl
buffer(pH 8.6)ICBB L, BEW(r I —FBLH, =R
THAEERZ ST, B&F+ 5y PNTEBL .
BEWAELAT, 17180 W T 2 0N % 5 [l
DU, EEERR D, BmEAHREOE(r I BT
#E, CX-210)T 30,000 gX30 5 0E N X b SLT-15
HuEU LEES B, CoLERESY I ) RT [
(0.45 mm) CERESVEEE, BRI MR % 456 %
AN 78 BRRICHRIN U T, BRETLBE CR =t %, 4
€ 30,000 g X304 @0 CEIL, 200 ml @ 50 mM
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Tris- HCl buffer (pH 8.6) 1= % f# %%, 4 C [ buffer 51
TTHRENEZREIEL. BRBCE LA EYY
13,000 g X20 5 D #E L TEREL (B LEZHERHE
SGELTHER L. BOhiclERER%Y, DEAE-Se-
phacel # $ Aa(K2x20cm), & b & Mono - P
chromatofocusing # 7 & (K 1x 40 c) THBERHE L,
I pH R FHIGEER CmE L L, HPLC-C 8 »
Z & (Synchropak RP-8, K 0.46 x 25 cm) i@ 051, 0~70
BDOT &=t VAL BABRBEEFT -7 Dok
#0.109~0.188 mg DFEE VT-1 2 EIN X t-. kL
SN VT-1DSDS-20% RV 727 I AT I FFEALE
KUKENENTR 2R Uk (Fig. D.

i/ NMREEEERERIE

/1080 7 = v Na InEE & b £t b 5 % /R
14 (platelet-rich plasma : PRP) %#%&, M/ M % 300
X103/pl CFAEEL, 7= =2 bERIM/MRESE > NKK
Hematracer-1(SSR Engineering, Tokyo) Tl L 7-.
COWERTHEA LT = = 2 + OREE X ADP0.2-
2 pg/ml TH o 7e. 30 IS ER M/ NMOEE (SIPA) 133
VSO = — v 7 — oS, PRP o /Mg s
300X10%/ 1 =5HE L, 6-108 dynes/cm? ®3 b JH14
B, BXO—ETOHIOTREE L2, EH5121.8
mM @ CaCl, & A 72 Tyrode &K (PH 7.3) CIEH
b BRI/ (WP) % PRP X hERL L, vWFGREE
0ug/mD, 7479 7% A0 ug/mDEHFEHL T
SIPA %I L 7. HUS Mm#fD SIPA wis X i+ H &
%, 37°C TR D HUS-PPP % N-PRP iz 1: 3 0¥
A CEA L Cl/MeEi 300 X103/ ul @& L, 550
EHE L 7o 81 SIPA R JI%E L7z,

£/ 7 v —F LHUE

vWF o /MR E H Ib(GPIb) ~ D& X FHE T
B GPIb = v 2 € 7 7 m — F A H{E(mMAD) (AP-1,
1gG), 74 7V 7 % v o GPIIb/Illa ~DfE& & [HE T
% $1L GPIIb /IIla mAb(L]-CP 8, IgG) ¥ X OViE #: 4k
GPIIb/Illa % #2835 mAb(PAC-1, IgM) i Scripps
Rt D Drs. Zaverio M. Ruggeri, Thomas J. Kunichi
% L T Sanford J. Shattil »xbELE I iz, VT-1 0k
RNZAEGIERBZT 5 ~ v 2 H Gb3mAb i
Accurate Chemical and Scientific(Westbury, NY) %>
LEAL.

Binding assay
VT-1@& Na®*l % v T, Iodo-Gen¥k THE# L

% 5

7c19, B[-VT-11%1.0~1.5mCi/mg TH - 7=. X
1.8mM @ CaCl, % & A 72 Tyrode £ EH¥% (pH 7.3)T
WP % PRP 22 BER Lic. VT-1 DI/~ DREEE,
BxDOBEDWI-VT-1%2 WP tEAL, BE 125l
ELUTER T30 SHBE L. &4 50 ul 3220 %BE
BERCER L, &0 L U/MIi~D ZI-VT-1 EaE

kDa

97.4 -
66.2 -

14.4 -

Fig. 1. SDS-20% PAGE analysis. Purified VT-1
showed two differrent subunits (A and B) of
32 and 7.8 kDa under non-reducing (this
figure) and reducing (not shown) conditions.
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HY=hvvE—THELL. FFEENEGERS
AL T 50 fEED VT-1 FET To M/~
BEELL, 2FAENDIFRRANEEERZELS IV
EvHENZEAREELL, 100 % TERLE.

M/ NREEREE o fi

/R 2> & O BEREE o B 1% Lingwood B Dk
AWV, 9 PRP & %D PRP b HIMNBRKRET 4
2 —%HHALCHMMRESE PRP & 2FR L. Th%
4T, 800gX10 oM TEMLEE, =V v % phoshate
buffered saline(PBS ; pH 7. 2D WE# L, 200 88D 7 »
w7 xa/rE 7 =12 1, vol/voD &I 27z T4
ELL, WBYE 7 7 AV — A CREBICEREDK
TNz, BELx. ET2BCHBETEAEIRL, N,
FHATHEEL, 0.4mol/L KOH =% 2 —a1ml %0
%2, STCT2HBENRIGER. FLR2BED/vr Y

NV ANz, BRLLBZ2EOKEML, BELL

EF 2Bk, TREEIRL, BE27e<t 7357
4 —(TLO %175 £ T—20C THRFEL .

TLC
HHYERRL, Zrevara/r2x7—n(Q:1,

vol/VODIZ BB L T, BB D % v 7 1 % silica gel
TLCplate FIZERINL, Z2mre 7 x A A/ 287 —A/K
(65/25/4) TRBE L 7. 48 & L T neutral glycolipid
standard mixture % FEKFICEB L, orcinol spray TH:
Bl EHIEGh3 DFER TLC TR v I
Fotrtreie—RBEREFEHIC~< Y 25 Gb 3mAb
#Ff\7c TLC blot #'® THeET L7z, Ff13 Vectastain
ABCkit T T € V— ¥4 FVRIHTIT - 7.

E/E{.Gb 3 TD VT-1 D&%

A&7 = AAEEO Gb 31 mg/mD200 pl &= v v
FA7F2—=7HNTN, FATREL, NBELEKE L
z. —80C TIRHF L7c HUS-PPP % &, 200 ul 2=
Yy RYFATFa—T1ing, BEDHDIERT I L
RIS E¥ . TDEF 4°C, 15,000 gX 5 4 TERLEE
i kB #EILL 7. HUS-PPP @ VT-1 #£E 1% Premier

EHEC(Meridian Diagnostics. Inc., Cincinnati, OH) %
BOTHEL, BEMIBAPBRELL VT-1 VT
BEZRD.

PRP 75 0 HinEkEFE
W RE - CTIERL L7 PRP 25, HMERERE7 1+ 4
% —(Purecell PL1 D&#AWTHIMERZERE L. HIM

ERBRE B i I/ MREL R 300X 103/ p] I F8%E L 7.

b b BEBIRE G RERO 5B L FIB

7=vBNaflEHE e b 2mMEl/58BD6%
hydroxyethyl starch(HES) %0 %, #RIfiER% IL# X,
ARMREERE L. AMBRE S EEBZEINL, LE
1.082 & 1.075 g/dl @ Percoll iz X » THE L fc R
AL LERBHE, 47T, 800gX20 oTEi L, HImEK
HEREFFRECSE L. ThPhofzE e m
XL, Be¥eteic PBS i L, Mifasi% 3 x 103/ul 1254
B i BRERZER S X O PERIEER e VT-1GRE
E 10 ng/ml), granulocyte colony-stimulating factor

(G-CSF ; 100 ng/ml), granulocyte-macrophage col-
ony -stimulating factor(GM-CSF ; 100ng/ml), ma-
crophage colony-stimulating factor(M-CSF ; 100 ng/
mD), interleukin 6 (AL -6; 100 U/ mD % X O tumor
necrosis factor-a (TNF-¢« ; 100 ng/mD %% L, *h
Zh 37C T 1 KFERIGE I 800 g X 20 oREL L, EiE
FENLE. 2D A b4 VIZLETY 2 €F Vb
D% Genzyme #E(MA) s HEA L.

HUS & imig

1996 4F ~1997 Sl R TT CIBE H b KB O 157 10
RBYL, FmEER, BRE® X cumMugd 2k L,
EFEFC VT EERKRBEE R VT OFENEH X
h, HUS &2 hic THI(EM: 4 6I, 2otk 36, i
LBE~60 ) BB LR MmEETH 5.

& £

BE VT-1 0IEE v b MOREECRIETFE

B O M/IORES 2 AR TR VT-1 2K
F 1~100 ng/ml TIEH PRP(N-PRP)ICE VRN L <
LIWEIRD BT, & HrEFmEN-PPP)ic VT-1
I 100 ng/ml THANL, 37°CT 24 BRIMAEL,
DHBICPRPIZHFIML THIREIRD bR s o .
ADP F i /MMOREKIRE 0.2~2 xg/mDTVT-1
% N-PRP & EE 100 ng/ml TFDEMT 58 & %t
BEE L THE Lo, MECEERD bhT, VT-1 1%
7 2= A b ERAVNMUEEC T L eds - 1= (Fig. 2).
RIZF Y IGHERM/NUESE (SIPA) ICH+ 5 B
F L7 N-PRP iz VT-1 ##&EE 0.025~2.5ng/ml ¢
WwInL, 5 SMBESIC, T G HERL/MIRELBE
L7z, 6~108 dynes/cm? © 3 b J& A T CIREEKSE
VAR b IS0 T T o iR (Low -SIPA) © JT A
I (Fig. 3A), X512 12 dynes/cm? O—F L1z
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EFVIEHTTERALMC VT-11t X 2 BEREMED
MNEEOTLENBZ S h, KEE 4ng/ml T DJT
EERBIHZRKE It o . & B KH GPIIb/Illa mAb
(LICP-8)T, & DJiEfFR IR EE 2h(Fig. 3
B). —7, 108 dynes/cm?® D—FE L& » I T T
WEE 10ng/ml ©d VT-1 £ X 55&$ 9 6 Tk
B4 (High-SIPA) D FLHE 1358 b hufx 2> » 7= (Fig. 3
O. WP LT VT-1ike b 74 7Y 7 ¥ VEETT
D% PRP 04 & E#FIC Low-SIPA ¥ BEREM I
TCE L 7=, ZOTLEEF X PRP 04 & B L TR
55 L T\ (Fig. 4 A-C). & bz Bernald-Soulier fEf&
#¥(Bernald-Soulier Syndrome : BSS), /M4 J75E
(Glanzmann thrombasthenia | GTA) ¥ X OV X &
7 4 7V 7 & v fifiE(congenital afibrinogenemia :
CAF)D PRP iex49 %, F*HIENT T VT-1 D&%
#Ef L7z, BSS ® PRP Th & VT-1 12 X 5 Low-SIPA
DILENRD b, GTA & CAF L TRIITHEITFRD B
nishoteh’, CAF-PRPIce + 714 7Y 7 ¥ v kikiE

Time (min)

Light transmittance
- d e
wn w

% %

FE 200 ug/ml %t % & Low-SIPA OITLENBE IR
7o

HUS B m#Eon SIPA wRIETEHE

B i KB EE O 157 Egettic HUS 2 FIE L IciE
BRI —80C TR L ic i CHRET 21T - 1o,
FEFNLT Bl TLPIBmEERH- L, miFFo VT %
Premier EHEC CTHIE L 2.7 5 #lf 3 4112 0.5~1.2ng
/ml ® VT 2#H L, 2 Flid#HEBRALIT 0.2 ng/mD) T
# - 7(Table 1. =@ 7#lo HUS m#E o SIPA 1w}
ETHERHRE LIER, E62 2B &6, Low-
SIPA JLE %329, High-SIPA i3 E LY 5 2 It o e
(Fig. 5A). o HUS m#Es6 VT-1 2HiELOHTET
Gb3THRE LI T A, BEHRD HUS MIF T Low-
SIPA FLEFAIZIRIFELIEHESE L T\ (Fig. 5B).

VT-1 oi/MMr Rk CAIMmERC R IE TS
HIMERBEERMZRD b T\ VT-112 X % Low-

Time (min)

ADP (1 g/ml)

0.2

::K\\//i: ;

Fig. 2. Platelet aggregation studies. Purified VT-1 (100 ng/ml, final) or buffer (PBS) was
added to normal PRP (300X10%/x1), and then ADP (0.2-2 xg/mD-induced platelet

aggregation was measured.
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Fig. 3. Effects of purified VT-1 on SIPA in PRP system. Platelet aggregation
was measured under a regular gradient shear stress (A). Low-SIPA
(B) was measured at a constant shear stress of 12 dynes/cm?. High
-SIPA (C) was measured at a constant shear stress of 108 dynes/cm?
Anti-GP Ib mAb AP-1 and anti-GPIIb/Illa mAb LJ-CP8 at a final
concentration of 10 xg/ml, respectively, was used to determine the
nonspecific platelet aggregation under these circumstances.
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Fig. 4. Effects of purified VT-1 on SIPA in WP system. Low-SIPA was
measured at a constant shear stress of 12 dynes/cm? in the presence of
purified fibrinogen (100 zg/ml, final) (A), in the presence of purified
vWF (10 zg/ml, final) (B) and in the presence of purified fibrinogen
and vWF (C). Anti-GPIIb/IIla mAb LJ-CP8 at a final concentration
of 10 xg/ml was used to determine nonspecific platelet aggregation
under this circumstance.
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A

Normal PRP + HUS-PPP

a0 Gradient
g
= 7 108 dyne/cm?
S 60
E
£
Z 40m
5
& Control
® 20 6
CP-8
0
0 70 140 210 280 350
80 = LOW 80 = Low
5
§ 7 60
g 1
5
-] g 40=
s} - 12 dyne/en?
IS 2 20 % 4
Control 3%
CP-8 0 Control
1 1 1 1 ] 1 1 1 1
0 70 140 210 280 350 0 70 140 210 280 350
. High
8
560- 108 dyne/cm?
E
2
£ a0
=
50 3
3 71
53 26
Control
AP-1

|| L] L 1
0 70 140 210 280 350

Time ( sec)

Fig. 5. Effect of HUS-PPP on SIPA in PRP system. Platelet aggregation was measured under
a regular gradient shear stress (Top). Low-SIPA (Middle) was measured at a
constant shear stress of 12 dynes/cm? High-SIPA (Bottom) was measured at a
constant shear stress of 108 dynes/cm? (A). Low-SIPA was measured after treatment
of HUS-plasmas with solid-phase Gb3 (B). Anti-GP Ib mAb AP-1 and anti-GPIIb/
IITa mAb LJ-CP8 at a final concentration of 10 xg/ml, respectively, was used to
determine nonspecific platelet aggregation under these circumstances.
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Table 1. Laboratory findings and concentrations of VT-1 of seven patients with HUS

Patient 1 2 3 4 5 6 7
Age 8Y 10Y 4Y 10Y 12Y 60Y 5Y
Sex F M F M M F M
RBC (X10%/uD 2.80 2.77 3.08 2.10 3.24 3.24 2.87
Hb (g/dD 8.5 7.5 8.8 7.4 8.8 9.3 7.8
WBC (/uD 6,800 6,500 8,000 10,000 7,300 7,400 15,200
Plt (X10%/uD) 34 65 25 52 50 21 26
LDH (U/D 2,073 5,968 3,435 2,234 2,597 1,992 4,512
BUN (mg/dD 12 77 48 20 80 65 34
CRE (mg/dD 0.8 2.3 1.2 0.8 1.0 3.9 1.1
Proteinuria 2+ 4+ 4+ 4+ 3+ 4+ 4+
Hematuria + 4+ 4+ 3+ 3+ 4+ 3+
Fibrinogen (mg/dD * 324 259 * 231 414 263
FDP (ug/mD * 40 11.2 * 37.5 36.3 60.3
PT (sec) * 10.5 10 * 12.8 10.0 10.1
APTT (sec) * 46 30 * 48.4 30.0 41.8
D-dimer (ng/ml) * * 519 * * 3597 1221
PIC (ug/mD * * 2.1 * * 3.2 2.9
TAT (ng/ml) * * 7.6 ES * 19.3 14.3
VT-1 (ng/mb 1.2 <0.2 <0.2 * * 0.8 0.5
* . not determined
PRP PRP ( leukocyte-depleted )
60 60
Low Low
40 VT-1 40 =
(10 ng/ml )
12 dyne/cm? 12 dyne/cm?
20 20 VT-1
Control V—“— (10 ng/ml )
0 0 Control
1 1 1 1 1 1 1 | 1 || 1
70 140 210 280 350 0 70 140 210 280 350
Time ( sec) Time ( sec)

Fig. 6. A constant shear stress of 12 dynes/cm? was applied to normal (left) or leukocyte
-depleted (right) PRP as described in Materials and Methods.
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10

total binding
: non-specific binding

5-

1251.VT-1 (fmol/10° cells)

T
30 40

0 10 ZIO
2SL.VT-1 (nmol/L)

Fig. 7. »[-VT-1 binding to platelets. Leukocyte-depleted washed platelets
were mixed with various concentrations of *?°I-VT-1 at room temper-
ature as described in Materials and Methods. This panel indicates that
VT-1 does not specifically bind to platelets, because the amount of '*°I
-VT-1 bound in the presence (nonspecific binding ; closed triangles) of
50 fold excess of unlabeled VT-1 was almost comparable to that in the
absence (total bingdng ; closed circles) of the unlabeled toxin.

PRP @ PRP @

% Light transmittance

60

40

20

0

4 Mo od PMN
Low Low
- VT-1 40
(10 ng/ml ) VT-1
12 dyne/em? 12 dyne/cm® (10 ng/ml )
- o~ 20
# Control W Control
1 T T 1 T T T
0 70 140 210 280 350 0 70 140 210 280 350
Time ( sec) Time ( sec)

Fig. 8. A constant shear stress of 12 dynes/cm? was applied to leukocyte-depleted PRP.
Supernatant of mononuclear cells (Mo, left) or polymorphonuclear cells (PMN, right)
stimulated with purified VT-1 (10 ng/ml, final) was added to normal leukocyte
-depleted PRP.
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S
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;E 20 Control 20 2 dyne/cm? Mo
) “ontro t
3 PRP ( WBC-depleted) Control
o | T T—1 T 0= T 1 T
0 70 140 210 280 350 0 70 140 210 280 350
GM-CSF (100 ng/ml )
g @ Low . Low
) 40
@ § PRP PMN
% 20 Control 20 Mo
3 Control
= PRP ( WBC-depleted)
L | 1 T T L | 1 1T T
0 70 140 210 280 350 0 70 140 210 280 350
M-CSF (100 ng/ml)
g Low o Low
@ g PRP ( WBC-depleted) *"
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SIPA JTEFRIZAMBRERE 7 4+ v & —THIMBREREE
D PRP Ti{E%& L T\ (Fig. 6 A-B). Z 0 HIMERE
3% PRP 2 b¥e M/ MR 2 fEBL L, *SI-VT-1 T binding
assay ®fTolc & &5, VT-1 ofi/MRIics3 2 8851
REERRD bhieh - 7 (Fig. 7). Fio [ IMBREIH]
BTENLZhPRPHFOGh3IDEER~ Y AH Gb3
mAb THRERT % &L BMBRBREFICIZGb 3 DEEY R

DB, BEBRIHEEL T, RICEFERLFFRDO
Bl VT-1 2 EE 10 ng/ml C¥nL, 37C 1K
HRBEEREOC I Y EERENRL, chbobEx
N-PRP iz¥sind % = & T Low-SIPA e RIT T &%
BE L 7e, VT-1 RIS C BRI ER 21X Low-SIPA FiE
TERDRD I, IFRERIEER I X5 T hs - 7o, (Fig.
8 A-B).
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Fig. 9. Effects of several cytokines on SIPA. Platelets aggregation Wés measured under

constant shear stress of 12 dynes/cm? G-CSF (a final concentration ; 100 ng/ml), GM
-CSF (100 ng/ml), M-CSF (100 ng/ml), IL-6 (100 U/ml) and TNF-« (100 ng/ml
were added to normal PRP or normal leukocyte-depleted PRP (left). Supernatant of
mononuclear cells (Mo) or polymorphonuclear cells (PMN) stimulated with these
cytokines were added to normal leukocyte-depleted PRP (right).

BEREEDOY A+ A4 VIcX b Low-SIPA v Xig3
j%

BERALHEEINSES 1+ 114 vD 5 G-CSF, GM
-CSF, IL-6, M-CSF, TNF-a ® Low-SIPA iRz
FERPRF L. PRP & LT G-CSF, IL-6 1% Low-
SIPA 0ZEW 7 ITEER %% L, GM-CSF, M-CSF 128
EoTIEEA%E L. TNF-a EFLEFER 3 /eh -

7o. BIMERERZE PRP ©ix M-CSF & IL-6 & = Tt
PERD bt sd, IL-6 D4k PRP & H~TERERES L
T (Fig. 9A O~®). KICEBIRIFER & i hakiF
FEWCEERERO YA b b 4 VERRINL, BEEERRER
12k IL-6 FIWC, FhERIFER . G-CSF, GM-CSF
KOV IL-6 #E T Low-SIPA JLEER #%®», TNF-«
ETECEE Lk -7 (Fig. 9 BO~®).



124) ALK

% =3

BEOIMPNMUERES CORN CIIBE VT-1 XIE%E
PRP iz L THEHENEE RS, ADPBELTTHEL
fehso e, EIHEE VT-1 ZIEH PPP & 37°C T 24 B
Rt &%, IE% PRPICin 2 THEBEDTTE IR D I
Tehote. TOFEVT EEAMMEORE LE L IEEM
L o BB/ NMIREREE 2D LT % Rose
B DWE LRI AERTHhole. FE T, 2—v 7L
— M D ISR IMORERES R VT, X HICEEM
BRIzl L A, FEEL VT-1 (3B 0.25 ng/ml
T Low-SIPA JLEFH %A L, 4ng/ml THRKET-
fo. ZOEREAEFE PRP & AV mte, mAb W
TBERRERLDEL 7 4 7V 7 % v & GPIIb/
Mla(4 v 779 vERL allbf DEKFEL T3 Z &2
P L. P DZ L IEE e + PRP 25 BBk
K74 vz —TAHMKKRETSHE, O PRPIZVT-
12X % Low-SIPA JLEFB 2 HEE L T e, SEFEH
Lic7 4 v & =3B RFRAETH Y, /MROE
R DIz K, BT = =& b FiEl/MogsE
B 2 &5 allbf 3 DFEMALIT R
DEEz B, WP R Wi-#E 3 PRP &FED
#ER T, Low-SIPA JLEMFAIL PRP & RTHFBEL T
Wi, ZHIREESRECTREAL TV ANERAEST 5
Ted LRI NI, VT-1 3MifaRE Y « 7 2 — CHElg
BTH5Gh3ENLTEARETAHELDL, /RO
Gb 3 f7E% TLC blot #% TH Gb 3mAb % A\ TH#
HlicLz s, HEROFETER LI PRP iz Gb3 %
B Uy, AMmEREREE O PRP Tl LBk
7o, XHICEMBRESEPRP 2 5ER LI WP 2\
T, PI-VT-1 OIfi/MR~DOFEEERE LI & & A4 R
M 7efE A XFED R oo, D EDRER S M/ MRk
Gb 3 23FFEe Y, VT-1 /MO ESEERA Lisv &5
zbhte. Gb 3 MEEBF TH% Pk LA UHEE® &
LCEY, b b CHBEMENEAR, B8 IRA LR
BIUOBRRCFETHAEI IMLATEDY, VI-1I2X b
BB, HCBEERALY A LA v SR, /MR
BECKEEBREAXRILTWBEEE L bR, BB
VT-1 FI¥cEEEIFER 2 X Low-SIPA FiEEf %
BT, FHERFER CIIRD b oo, T OHRIT
IR T B EEY A b b A VA ORE R TTE T
HEENLOTREI . —FH, 760 HUS B&1EE
K O 157 B T, =D 5% 6 6o HUS &
& M IEH PRP wwxi3 % Low-SIPA JTEFA %3
Bie. COFARVT-1 X %50 L RAET, EiHE{LL

*F 5

72 Gb 3 THUS BZ IS VI-1 2 RERETZ &
HUS Bk o Low-SIPA FLEERAAEL L. &
%, ELISA ¥ TlRERT O HUS B m#Edho VT 2HlE
T3 E, 2HIBRHBERERD 0.2ng/ml LIF, oMt 0.5
~1.2ng/ml TH - 7. Gb 3 THERIILFICTHELEER
UTFielcotz. 40, BFOM/IMUEES IR I
F, 30 R MMORES THD T VT-1 o fi/MNRgEE
TERZVHIBA LoD, 30 BN  g e 7
FT=APRRELET, FHIRHAMO S & TR/
BEBRE T 5 b /IMORESR X D in vivo IKEWIR
BTRBL T B eELbh, COREEOEES
DERB I FT ) RIMORER XY — ¥ —
TEELHEL TV 520 DRENRSBTHD LD
HEELE 2 bhi. Gb3 3E~ ofifeERcREEL,
VT-123Gb 3 %ML CEMMICHES L ThEATD
MR M/IMEBRA 25 BT EE L DI, VT-
1 PERCHEET DL, B L BRI LRED Y 1
P A VERHEL, FORO M-CSF & IL-6 & (1B #
e i/ MRE G L, G-CSF, GM-CSF % X 0*IL-6
I RERICEA U CRIER I I /MR A iE AL L C I/
BELTHET S EEB 2 bhie. Foflicd VT-1 1kimE
HREMRECREE L, BEXEEL (ES T VWE <45
~—®wIMFCKHE e, & DI F oM/ MRS

DF ) RERMEEZFERIFTZEIREIRLTV5,
SEOEBRRER B VT-1 MU g ER L,
M RECHET 5 2 LB L. HUS T i/
R M SREIC BT 5 1 b 2 A VR DELE
Wic X 5 R TRBERETERT 5 2 L AR I huic

i

VT EEAMABE O 157 &¥ent HUS o FefE B 53
3T R, HUS 2R bR 5 I/MREA e VT 23853
BT EixXiambhTws, VT oli/MigsE i kig
THE&, HUS o /MR o BRE O BEM TR 7R &
nTWigw, &, VT o fi/MugsE e FIig 8 v ke
T BB, BEVT-1 2HWTiVMOgEE L, KBE
O 157 B4 HUS FEBI 7 fEBI o fi % FA € HUS o Ift
IR DR & 1m0\ BT - 1
1. B8 VT-1 3 ¥ 0.25 ng/ml ¢ Low-SIPA %
EEARREL, 4ng/ml THRAERote. TOFEAIX
BSS, GTA, CAF &% PRP 5 X Ci/MiEE RN E 7
7 —F BRI L BRETT 4 7Y /¥ v & GPIIb/
Ma(A v5 279 vERE allbp DL X 52 L AHB LT
2. HLGb3mAb A\ RE T VT-1 o fifaZkm v
7 % — Gb 3 i/ MrEE I IXFEET, EEe b B

p=111]
i
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MIERERZE PRP 25 S8 U7 Bede /M & 5T-VT-1 &
DERAFES SRD I o T fo T VT-1 /MM
BEEEALTVC EAHBH L.

3. E¥e b PRPALHMBREEHRETS L VT-112 X
% Low-SIPA JTEFRAHEET S Z &, I HICITER
HR4 1+ 41 v Low-SIPA RHELXRITT &0
b VT-1 DRI - THEE» LK X5 M-CSF
& IL-6 WEER /MR 2 &M L3 5 5, G-CSF, GM
-CSF % X OV IL-6 i3 F BRI fF A L C MRy I M/l
IEMALL CIVMRRE X TTET 5 L E 2 bhie

4. HUS BEm#Ewix VT-1 &£ @0 E% PRP ot
3% Low-SIPA JTHEIER 2529 bh, HUS B Mg
LEMILGb3 TVT-1 2 REKRET 5 & Low-SIPA
TLEEPEF A3 L 7e.

PEoz &b VI-1 BEIRICHEE L, BERERDO V1
b A A v MR TEEAL U Tl MRBEE R TTET B &
Fxbhte. ¥7, HUS BEMBERCHBCHFET S
VT-1 TR I NI-BIRERY 1 b2 A4 v, ZOELE
PZ X - THET BRI e/ Mg ERED HUS T
75 M/MRIBAED—R &5 2 bhf.
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