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SERRMBRE MAE (- & 2 MREERRINIRE MERERIE DBORELMBEEICL D
LDTHY, HBEEATHS barEXARrSr (TSP) H¥hicKE(BMELTWSC
rEESAICT 3 HN THRFLRANLUA, BFRORESES A, EEEUALLDFR
Mm% FE L TSP OiRic & Y ENES L 5 BT 2 » & RMER- AR MEIMERBRIEICT
BT tORER, SRFNROMEMEE TSP OFRMTEZ Y, OB TSP ik,
#i TSP receptor #ifk, LU RGDS, CSVTCG DRFTF4 FIZLVEALAILHH s D
Zrhhh o, -, HOSI/IMEMEERTE TSP ik, 3t TSP receptor ¥,
E b a%2F > (VN)receptor #ifk#H L U RGDS, CSVTCG NDRTFF A FiodkY) Il &
N, &512, LESBICL > THSMABRLIRIC & 3 RO - ARMEREMEERER, &
EHRASMER, BLUTSXAFv 27— FEICL IBRE/RS S ERFMIRE MO
FIMIDERE (= TSP receptor ¥’ FET 3 Z RSN, —F, FESRRBRMIPE
SEHIVEEOFRNRTEAKRMIA~DEEHBER AL, TH(, TSP 2 & 2HEN
~ADVBRHPEDHHNT, TSP receptor NDHEIEIIEEBRTE b1 .

ZOWROFERIE TSP AR FRMROA K MIE~DHEEICKE(BEETIZ L ’!.'/T
TWBEEALNE. SHBEDIC in vivo TRELBOLNMILTW(RLELHS.
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Role of Thrombospondin in Sickle Cell Disease
Keiko Sugihara

To determine whether the vaso-occlusion seen in sickle cell diseases may be
mediated by enhanced red blood cell (RBC) adhesivity to the endothelium, and
whether thrombospondin (TSP), a sticky plasma protein, participates in this proc-
ess, I evaluated the effect of TSP on RBC adherence in a “red cell-endothelium
adherence test” system. Adherence of sickle cells, which were dissolved in buffer/
albumin, was greatly enhanced by)the addition of TSP, and this property was
abolished by the intervention of antibodies against TSP and TSP receptors, as well
as by the peptides RGDS and CSVTCG. The adherence of sickle RBCs in autologous
platelet-rich plasma was inhibited by anti-TSP antibody, anti-TSP receptor anti-
body, anti-vitronectin receptor antibody and the peptides RGDS and CSVTCG.

JNIFERIRSE  RE Department of Pathology, Kawasaki Medical School :
(g8 | |IUTERZE) 577 Matsushima, Kurashiki, Okayama, 701-01 Japan
F701-01 BBIHRESTT




280 g B ¥ & 5

|

((818% 45 1992)

gl

Studies using density-separated RBC subpopulations and immobilized proteins, and

an immunocytochemical study revealed that sickle reticulocytes, in fact, carried

TSP receptors. In normal and high reticulocyte controls, TSP did not affect adher-

ence to the endothelium and TSP receptors were not expressed.

The results of the present study suggest that TSP may have a significant effect on

the adhesiveness of sickle RBCs in the plasma. Therefore circulatory disturbance

seen in sickle cell disease may be an active phenomenon rather than a passive process

hitherto believed. Further studies under iz vivo conditions are required. (Accepted on
October 29, 1992) Kawasaki Igakkaishi 18(4) : 279—288, 1992
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BEPORMBRE M1 I BT A 50 5 EHEE
CHEEET, MK OSRRIRIER D HFH,
LEEOBITHAMMEE M 24> 2 & TR#D
JonTws, HEZORBZEK~E ot
VEE, TR ELTES 26N, NEFubEY
D B HED N Kifinrs 6 FHD Glu 23 Val I8 &
EHIEWZE->TETE HS &> TRZ B Z
EPHOMICENT WS . BERIEROEH DV
EOWRIMFMEELH 5. ek, ZDREEIRHmE
RZIRFETIE HbS DIEFEME T LY LT 3
ZEWRE-oTRIBZLDEEZONTER. D
FOFNMELIeAEZ OB i3, FRIEk 2 HeR
WERSE S0, ZNUHBEMINE TR
MRS, ZORBRMEAMELEAZS Y, MK
BEELELITENIHDTHS. LrL, 1980
£, Hebbel 51, SERRIRIMEBR & M2 P Ak
EDORNCITERE MEEMERH L Z L 2FHRL, &
NOMEEEDORETH S LHRE LI VS D
E 2 2, SeRIRImER O IME NEAEHR S X
ZEM LD TR U AREERNEWZ S, T
5 B RERE DB O AR MER HSINE PN R AR 1
BT Eo TMBEAEESN, &5k
MER DI REZEL, WL 28858 X ¥ 2 72 D IRIMER
DEEEE, MROBEENETL TV EE2
SNEZDTHS. o DWELEK, Z0OHRII
VBB NI LR R R EBRE TV R F o

ZNCHEETIRTIIBEIZEERDONEZ
bhb. Lad, ThoBEMTEET 5 DA
%67, MEKERLD-> TV L AEESED b
% .29 ZnsDRTFOHIIE, FRIBk, PR
fa, MBEH, BkEEH (sticky protein) ,
MEOK & SPMFBEORE 2 ENEEN, 27
ZNTHNOHRFIZHT THRET Lz hidz ok
V. G, FEFIIEEAOHR T b IM/IMIDEE
EOHBORE ICBES 3 55 FRI5TOEHT
H35burRAKYY Y (thrombospondin : L
T TSP &Wg9) -9 i EH LIS 280 2. [
CHEBEAOFRTY, 74 7V /=% (fi-
brinogen : AN FB LB )07 4 T o5
(fibronectin : LA'F FN L B9) I DWW T DERE
13d 558,92 TSP MBI > THR S
i, FRIMER & A EZHERE & ORI OREEM: & v 5 8
BSOS TwinwhsThs. &
7z, SRRIRIMERE M T M/ MR IS (platelet
rich plasma : BAF PRP &B§9) FroEilEiRin
RO Z M/ M4 (platelet poor plasma :
LUF PPP L W& 3) R DEEdEIRIMER & D N R HEfE
WS B REE ST Z EBHI SN TR B 12
o, M/MRIZBERLER, %730/

T AMENRETLZOTE R EEZON

T e ThHs. 512, MBEINICEIT 28k
MEROKEEHER AN T AF L — b RIICE 5T
HHIS N BEEY 3, ALy AMEEREE SR
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Tw3 TSP OB 2@ R L Tw5 . 7z,
SRR MERE MVE CHREFRINER DSBS % 2 L 28
RSN TBYMOERBIZE 2 DD L ZhH
COELNRIISEE bR > TS, UEDX
SREELPEFRELELT, FH X3 TSP rece-
ptor 2SERRARIMBERE IME, ALOFEIRIMERNE % E
B L VIEE ORIMIROEREICFEET 2 O
DWTHE LTz, i, #EFRMmEkoAICERL,
TSP L OBRERET T2 2 L. ZORER,
TSP 2RI MIR DA MR~ DREE HEIC K &
5T 3 ERBENTDTI ZIRHKEL,
SHOBEIOWTEERZINZ T2,

ME B LUFHE

Minessota X 5 & 5 & it J& 75 Bt N B 51k,
Hennepin county j&FE¥ & Uf Ramsy county 5%
Bz B 7 SRR IMERE M (homozygous) ,
FRMBRIESAE (SRR IMERE ME AST D HE7R M
BRI : control high-reticulocyte) 8 & O'IEH
OHEIMER24N, 8N, 24 NEFRE LT,
1. BFRMNBERED TSP receptor NHFE

a. TSPz & Z7RMEk & NG & ORI DRE

ERR O

1. FRIMEREFEIR D TR

BHME 2 o157z 7 © VEINERIRI % 10f5 &
@ Hanks $EEW (LT HBSS £BE3) T2 E,
& 512 Hanks/Alb #&E# (0.5% bovine serum
albumin %2z 7z Hanks B&¥ © LT HBSS/
A LHET) THEE, LU, EEB XU buffy
coat ZHE|L, HMBkZE oMK %5%L
WY Bz, BgRMBREER I ZhZT
4 DIHES N, BRIEINC IR S EIRMEREE
®EZhZehn HBSS/A, HE PRP, HC PPP
BIUHCMETHRL, Het2.5%12%%% &5
WHREEL 7.

2. MR DR E

American Type Culture Collection (Rock-
ville, MD) X DA L7t b REEARA A
(Human Umbirical Vein Endothelial Cell :
LU HUVEC &#&3) 2L 7. HUVEC %

96-well flat-bottom Costar (Cambridge,
MA) plate IZ TEFE L, RS @M S 7% 0
BRI DR W T L 2 e D, SRR
FTOLDOEFMAL . BERKIZFI2EER
(Irvine Scientific, Santa Ana, CA) T, ~/%
U > (100 wg/ml), 10% B& 2 4 M 3% (fetal
bovine serum, Gibco, Grand Island, NY),
~N=3) » (120 units/ml), A bV 7w A ¥
(120 xg/ml), Endothelial Cell Growth Sup-
plement (30 xg/ml, SIGMA) 2Nz 7zbDTH
5.

3. FRIMER N AHERREE 3B B & OB HUE,

_R7 Y4 N2k BINEIRE

UToOERIRMERFEER, N EME
(HUVEC) & 12 1237°C DIRREIZIR > TITo
7-. flat-bottom Costar plate D% well THzEE
o @l & B J§ HUVEC » HBSS i2 € 2 &,
HBSS/A T 1EHE LK, 2.5%DBEED
BARMBRIFLEIR 300 1 %% well ICHE» ICEE
Ute. &AL 3well 2FEHAL, EEE
RELTW?. 37°C DERE TL05HEEFRE L,
& 512 83 4l © HBSS/A %% F — AR
DY BB LS cEr iz, TIRAF Y
7 A VA EREICESTEZR WL SR T
72%, plate * REEZ ¥z, ZhEE5IZ37T°CD
[EVEME T30 EEHE L7z, RIZ, plate #ZDZ
FOMBIBWIEE TS TAF VI T4 VLR
BICKIBEL , FTRNAREWRGIL S 5k
\Z2C HUVEC iZfilth 2 v X S ICKRE2 D0 2085
well DEEIZATE L T A RS ORIMBERER & &
<7z, HUVEC 2B L T 2 & % BEfER
TWCHED»® 128, 0.5% SDS % 200u]1 §° D%
well Iz, HEFHZERICHKE L, Thermo-
max kinetic microplate reader T% well 12
BHLIRIMBROBERZ~E O EY DREE L L
TEHEIL 7z, &7z, FRIMBREFEEIR300 ul DT
s roltE, HUVEC DEET % well
&, HUVEC O L%V well DADKIEE %
T LCEHEIL, Zhe OB LR
MERDFTEZER (%) ZEEL.

st OMBIREBR T3, itk LTOKM5
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(TSP receptor T 2~V A€/ 70 —F )
Hitk, Ortho Diagnostic Systems, Raritan,
N]), aTSP#Hi TSP v ¥RV 7 u—F i
), TE3(#HGP IIbllla vV A€/ 70—
MEHE), #hFEhay b o—v e LTRSS
MofEsa 7)) vRER L. $775A4
F& LT, Cys-Ser-Val-Thr-Cys-Gly 8 (AT
CSVTCG &#&d), #mar bu—nek LT Trp-
His-Trp-Leu-Glu-Leu 88 (LA F WHWLQL &
B% 9 -SIGMA &) % 721 Val-Gly-Val-Ala-

Pro-Gly ## (LL'F VGVAPG kB3 —SIGMA

#) | Arg-Gly-Asp-Ser #% (LLF RGDS L #&7
—SIGMA &), Zoa> ba—n & LT Ala-Gly-
Ser-Glu #4 (BA'F AGSE & #3—SIGMA #)
BEFAL. OKMb 1X6.7ug/ml, Dot
RIFASERER, RT7F 4 Fix66 ug/ml DEAEIR
23 & O WCRIMEREER 2 A L. &8,
o OFBIIEBRERNICIT > 72,

b. SRS HIRRER

FRIMERD TSP receptor DTFFE % HYEHiIEE
o THRAN. 3, 20%DHERMEREE
WHEIEELL , 7 ug/ml @ FITC #&i% OKM 5 &
a3y bwa—)v & LT FITC AP cat 1gG Fifk
(v A€/ 7a—F VK, SIGMA &) zin
Z 12 DEERICTUOSHRGS . BLR,
JRIMER 2 B A L, T ' HBSS/A I & L,
FACS-Star laser flow-cytometry system T
fBHT L7z, %72, FITC TEEShTHuRLHE
OKM 5, aCD51 (#t VN receptor ¥V A&/
7 u—Fvfifk, AMAC, Westbrook, ME)
oW TIEEgEEHWRAr L.
II. sickle #fkMLEk & TSP DRA{%

a. TSPz & % {@7RIMEk & NEZHERE & ORGE

R ORRET

1. FRIMERD S

HEFRIMER 13 Corash & D FH LY 1 #E UHRIMEK
ROMET 5 Z LI ko THE T, 400 ml OFREAK
2, arabinogalactan (Consulting Associates,
Tacoma, WA) %#250g 2z, %< 430
SRR HICHEES Y. ERICE S ETHRE
L, E=7—DEI2ROIAFTEENI4S g &

((E18% H45 1992)

%5 X O WHEREAREMA . ZhicHmE7 v
73 > (bovine serum albumin : BA'F BSA &
M&3) 23.5g, glucose 1.25g, MgCl,* 6 H,0
0.725g, 0.3 MK,HPO,-KH,PO, 41.3ml %10
ZUEfEXY, 1N ® NaOH TpH 7. 4IcHEL
7z, BBEFES290 mOsm/kg 127 % & 51 NaCl
%Mz 7% D% solution 1 & L7z, ZKE K600

" ml, NaCl4.86¢g, Na,HPO,0.732 g, NaH,

P0O,0.131g, glucose1.20g, BSA18.00g %
BE&L, pH7.4, BEMT 290 mOsm/kg (2 F%#
L7z% D% solution Il & L7z, solution I &1I
RAL, 1.090, 1.112, 1.115, 1.118,
1.120, 1.123, 1.125 mOsm/kg D¥EHR % FH
Lz, BUORAFa—TwEFryyvarelT
solution 1 #E &, 2O RICHEOEWLE,S®
5K D EEBE L. HIMERERE L EERIL
BRC Het {H30% DR 2B L, ThEEE
L 7z arabinogalactan ®_ &4, 74000g4°C
TIHEEEL L. BE, FBZLTTREX
D FRMBRZEEL L, HBSS/A 12Tk { ¥ LI
AL7.

2 . FRINER DA BIRREE AR

T-a-3ICECER L /o FEc#EL T2,

b. ¥EFRIMEKREFRTE O TSP receptor DIEFE

1. BABNTS I AF v 7 7V 4 bk

100 wg/ml OEFED TSP, VN &3> b a—
NVELTBSAZ210ul ¥ 2%V MM (FAL-
CON1007, Becton Dickinson) izdt, 37°C T
SEEBE LEARZ I AF v 7 IKRINE ¥,
FERR AT E 2T < 721 1 % BSA TEEL:
#% 1919 Het {8 C2.5% D ARIMEREER % 10 pl
FOZ D spot IKH F L, 37°C TH04fEHE L
72. LT, HBSS/A Hic_R M V22T T A
PR ZRMBERVERE, ZORED I
new methyleneblue o %13 &2 L, HBREE
L7z, SEFEEEMEEAIC 10006512 C 258 BF L BB
ZL, (& LIRMEREENZ 2, ZOF DM
FRINBRR 2 EH U7z, REE M O IIHIERER T 13ET
BoFilkeR7y 4 FE2FRBEECHEMAL.

2 . SR RO

0.002% @ ethidium bromide & FITC #i#%
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OKM 5 TEHRE L, [—b LERRICHTL /2.
ethidium bromide Iz & D #87R MR OFERE 13
BFT 5.

] 3

1. BFRMBRERED TSP receptor NDEE

a. TSPz & 2 FRIMER & P EHRRE & DR DR

BRR

(1) HBSS/A, PRP, PPP B X Ul Iz
& ARMER OKGEEDOZAL

sickle RBC ® HUVEC izt 3 2 #i& i

HBSS/A & T 130.09+0.03%, I #% & T X
0.12+0.05% T, IE% RBCztbL, HBSS/A
1 (p<0.001) B X U'EHTE PRP (p<0.001) &
bEEBECHEBEEEZR L. L, BHEZRIMER
X % RBC & Ol = £ D kb o e
% 72, sickle RBC Tix, B2 PRPHD b DIE
HBSS/Adozn kW iEEIE» 72 (p
<0.005). BHEAMERM TCEE PRPHFDOD D
X HBSS/AF 0zt TRREBRLEZIIFEDON
Bholz.

(2) HBSS/A FRINEKD TSP I & K&
Dzt

HBSS/A FRIMERIZ BT 5 TSP OFFR%Z &7z

R Figure 1 TH 3. sickle RBC Tl TSP
1 pg/ml ZEIIL72d DT, TMLTHR0nd
DIV ERCHEEOHEMME A 5N (D
<0.001). IE% RBC TR ZD & > 25hRixAH S
Y, BRERMERMTIEPRHEESE - 72
boo, MBCEERZZ o, i,
sickle RBCIZBWT, TSP DEEZR 05561
pg/ml ¥ TELS B L 25, WECHHILT
FEMEIEI L 7208, mfEARIMERIL T2
Aonholz(Fig. 2). a>bua—neLT
FEHEE O BSA 2N TREMEZ TR,
L B3 mho /.

(3) HBSS/A 8 XU PRP HHTOEEDYL
fRE 754 Rz & BRINBRDREE M
DINHIZIR

Z DEERTIX sickle RBCOAZFHERAL /.

- n
13 o
1 ]

(+TSP/-TSP)
=
1

Adherence Ratio

it
(8]
]

0.0 -

N S HR

Fig. 1. Effect of TSP on the adherence of

normal, sickle, and reticulocytic RBCs.
In this experiment, RBCs were suspended
in HBSS/A with and without 1 xg/ml of
TSP. The effect of TSP on adherence
was expressed as the % adherence in sam-
ples with TSP divided by that in samples
without TSP. TSP significantly affected
the adherence of sickle RBCs (S), but it
had no effect on that of normal (N) and
reticulocytic (HR) RBCs.

3.0
2.5

2.0 1

(+TSP/-TSP)

1.0

Adherence Ratio

1.5

0.5 HR

0.0

L L

0.0 0.2 0.4 0.6 0.8 1.0
TSP (ug/ml)

Fig. 2. Dose-dependency of adherence in

sickle and reticulocytic RBCs by TSP
addition.

The adherence ratio consistently became
maximal at about 1 gzg/ml in sickle RBCs
(S), but it was unchanged in reticulocytic
RBCs (HR).
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Table 1. Inhibition of TSP-mediated adhesive-

ness by antibodies and peptides in sickle RBCs
dissolved in HBSS/A with TSP (1 xg/ml) and
plasma.
The degree of adherence inhibition in TSP-
HBSS/A solution and in plasma without any
active agents was regarded as 0.00 and that in
HBSS/A without TSP as 1.00. The degree of
inhibition . produced by active agents was
converted--to the inhibiton ratio on this scale
and was compared with the control (*p<{0.001,
**<0.05) .

Active Adherence Inhibition

agents in HBSS/A in Plasma
anti-TSP 1.01+0.18* 0.2140.12**
OKM 5 0.86+0.36* 0.41£0.17*
7E3 0.17£0.07 0.16£0.07**
CSVTCG 0.94+0.27* 0.22+0.15**
RGDS 0.82+0.35*% 0.30+0.15**

Table 1 IZFER %R L 7. 1 ug/ml TSP &0

HBSS/A HzH1r 3 sickle RBC ® HUVEC ~
DOHEEMEIE, «TSP(p<0.001, n=3), OKM
5 (p<0.001, n=8) ko> THEBIE N
7z. L» L, TE 3Tk 2GR 134 50z
>7z. —7%, RGDS & CSVTCG D 2 DR
&4 R THERCHEZRLSA SN (p<0.001
&n=7). 8, TSP Zhx Twivs HBSS/
AFTROTHOWEDIIHEIZIR LD S iz
o7, BB PRP H T3 OKM 5 (p<0.001),
«TSP (p<0.05), 7E3 (p<<0.05), RGDS(p
<0.05), CSVTCG (p<0.05) & T THIHIZIFE
BRL7z.

b. SEHIREFRRRER

sickle RBC % OKM 5 THEHif 2 Je
LTH3% &, BEMEI2RMBERD3. 1%, 2.4
%, 4.2%wcHrsniz. LeL, aCDSLIZHLT
BRI A S ko 1o,

EHEFRIMER T H 12 13 OKM 5 B MM 1313 &
AEED BRI Tz
IT. sickle #7RME & TSP & ORAHF

a. TSPz & 2 #E7RIMER & N EZHIAE & DREE

HER DR

TSP 1 pg/ml #h0 HBSS/A 1 & TSP ¥
1 HBSS/A HoOMERQHCHEL /.. L8
S F D HEOBOWHERIMERD S WRIMEK (HEHR

((B18% HE45 1992)

MEREK13.5%) FHE L. 48 TH B DRE E
1.15, FEORELL. 02Icth~EE Iz HUVEC
AR R L.

b. ¥AFRIMEREFRE O TSP receptor DIEAE

1. BHBRNT I AF v 7 71V 4 bk

Figure 3 122 DGR %2R L7z, TSP spot IZ
3> b — VIS LT 2R IAERE O
FRIMERD 5 8 2 E[E&HBHEML TWwieds, VN
spot CIRAELBEIMIFED shigho7z. TSP
2 & BREEEORIME OKM 5 & CSVTCG 2 &
> CTHHSIHIFIE NTz28, RGDS, 7E 3 Ti
HEIEhR A S > 7z (Table 2) .

2 . SR R

TERAMEETIE ethidium bromide Bi4AHAD
D% D MR MER D20.6%, 27.3%, 30.2% %
OKM b5 B TH -7z, F -2 OKM 5 D
Mg 084.6%, 63.1%, 49.7% % ethidium

25

(%)

[J Control (albumin) spot
g Test protein spot

n
o
1

-y
w
L

10 4

Reticulocyte Count

TSP ) W

Fig. 3. Adhesivness of sickle reticulocytes to
immobilized TSP and VN.

Table 2. Inhibition of reticulocyte adherence to
immobilized TSP by antibodies and peptides.
OKM 5 and CSVTCG significantly inhibited the
adherence of reticulocytes to immobilized TSP
(*p<<0.001) .

Active agents | Inhibition of adherence(%)
OKM 5 103.0+18.7*
TE3 4.5+17.3
CSVTCG 100.3£12.7*
RGDS 7.2+ 9.6
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bromide B TH - 7z.
£ =

SRIMER O P EZHRR A D BH ka1 & AR S
2 2 L FERRRINERE OiRE R BB T 5 5 2 T
BETH 5.9 SREOKRE T sickle RBC 23K
i BmEREE RO L, 2t TSP OF
DD ETRESITHEEEE T I LZ2ETR
L7z.

sickle RBC ® HUVEC ~DO¥EMEIZZEE D
EfRFIH LIS RBRICBWTHIER RBC
vy oSN, £ HBSS/A & D EE
EBE7n EREt PRP RHOADBE S ICHEEZE
Lz, 2hdOREBHREDZThE X~
LTWw3 .02 8512, sickle RBC I TSP I &
D HUVEC ~O¥i& M 28 L, TSP 1 pg/ml
T CREBEKEETH- 1. R, TOMEN
135% TSP receptor A TH2 OKM 5, BLU
TSP type 1 repeats O—& T TSP D rece-
ptor "D EIH T 2 LME SN TR ERT
£ 4 K CSVTCG™ iz k- Tl s iz, Sufil
B2z b sickle RBC O—EB1d OKM 5 BT
bHotlz. o DREERD S sickle RBC DEFRKH
12 1% TSP receptor 25fF#EL, TSP %4 L Tl
BRNEHEAOBREREES S DI T 2 &
HEHIx 3. ¥72, TSP receptor & VN rece-
ptor TH5 GP Il bllla E&XET S LEzZo6h
TEYH, RGDS X hlHIE N5 LvwbiTn
2 1000 UL, SREORE CIEFEHidac
«CD51 (VN receptor iZX9 2 i) 13 sickle
RBC 2 KIGE$, FRIMBROBEREDADKHT %
KRBT 2BEABRN T 7 AF v Z7HEXBWTDH
RGDS Tl s g, VN i biiEEEZRS
otz ZDOT Eidsickle RBC OERE D
TSP receptor 12 1% VN receptor £ &Z#%Y % &
3 RSN EERBLTWnS.

etk 7R M EK & I AE T 13 TSP % HBSS/A
rh AR IMERR I B L ¢ HUVEC ~MTE S %
FRIMBRDHEIML 72, EREEABRNSFAF v 7
HETH TSP IR MERARRINATET 5 L

BED STz, 51T, FEMBEr bR
mEk3 -~ Ts TSP receptor BT b J Tl
ehro 7zhS, TSP receptor 2ELTWAE LD
MR IIHERIMER CH -7z, TheDZ &rs TSP
receptor M% & IZEHRIMBERCEFEEL, TSP 247
T % PRI OB M R AR BRI & %
bDEEL N5, TSP receptor iX FN rece-
ptor & FIKRICHRIFERICERD 5N T 1508, KiF
FRIMERICITEE LRV 1919 72, SEORET
EE—REFNIC B B HERIMBRE & TSP 2L 5K
BRI OB 3 S R A SN
23, FEFIFEE DM CIHERIMERE & TSP 2k 5
P R R~ DR 1 W B & H s AHBEBE R 1375
Sz, TheDZ ki, FEMFERIC RS
Nz & 5T RTOMRIMERIC TSP receptor 43
FETADTRE VWD EEZONS., DED,
WARIMERZE D Z D % £ TSP receptor DE %R
FThF Tk, LaL, TSP receptor X8R
FRIMERE ME 12 38 > THIFDSEE L T i
ST B BDh, BEE FBRE {HIH»S
BAES I  EAE L R WHERE S B 5 D 0> 138
STV,

S BRI BRI AR IMBRE AR 0 D T 7% < il
OEBETHRMIMITEEINL T 3. 20 TRIE
W OWEFRIMER b sickle fEFRIER & [F U < A&
EEODMHEVD ZEWROMBEICE>TL 5.
Z N EFEN S B CEMEARIERIOES] & Rt
LD TH 5. SEOERTIEEMERIMBKIT &
EH# RBC &t OIS IFEELRE IR oo
7z, 7o, SEMREHNCERE TSP receptor
BAHAT 22 L L TERD ST, DY, EE
fAFRIMBR DI WAL~ O RERE IS 2
T %72 TSP 2 X 2 HEEHEADEIRLAD S
nge,

SERFRIMEBRIE T I3ERMER OGNS 2 53,
DR R & 58 - TYEHEARIMER (stress reticulocyte)
HHET 2 L wbnTwa . SERMEKM T
BH & 372 TSP receptor 23380 51T, SRR
MEBRE MfE T TSP receptor 23588 57 HE
X TSP receptor DE DB EETER VY
Z O stress reticulocyte 2 % D ShFEHEARMERSS
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TSP receptor 2% < FLTWA I LERBLT
W50 Lk,

HUVEC i3—f#%1Z 12 CD36 (TSP receptor)
EHELTWEWESbhTWS . ¥/, Bkl
72 & 9 W IHRMEREEIZ 1% TSP receptor Z1EET
%5, VN receptor & RET 2D d v &%
Z6Nb. —7F, RGDS »3RIMER - NE M
ER T HBSS/A, PRP L FHIUTBWTH H 5T
BEoMFRE R L IEREI—-R I EEFFEYT
% £ 572%8, HUVEC 28 VN receptor 26 L T
B Y 102020 VN receptor 13 TSP receptor &
RETIHMLEZEATHS E VLI EEEERIZA
N5k, TSP Z VN receptor dbfIEL, &
N5 RGDS THES N £ 2 ITHE DWW L
bOTH5. L, FRIMEKPYEZHERIERER T,
VN receptor iZXt 3" % Hi4& 7E 3 3 HBSS/A
FCIiEE I T 2 MEBIR X o T2 b
b 57, MR CRNEEIRZRL T3,
ZhiFBZ o MR TR, TSP OSFHMbo
MFEEACHAEMEORESZ T 2006 THS
5. IRl 3, rziE, hoMlEEON
PR & #EE L2 iRk TSP 24 LT
BETLZONH LGV, SEOERTIXME
WEIREI ORI F O+ BB ShTEB S
3, WEHMREIOESRE b KYIRRFTH D,
ZhZhORFOMHAFRH b EHERIER S
BATH>D .

YU ED X 5 7% in vitro T sickle RBC X TSP
W& D HUVEC ~NORE MR Uiz, Zhidsk
RARMERE MR BB FE IR L 2w, TSP
receptor TH % CD 361345 D & Z 2K ZRIME
DOWNEHIBIC 3TEE LS, SvNIE oW
MBI IITRET 2 LS |ENDH D 22 ST,

X

g & % = 3

((B18% H45 1992)

Tl

TSP & & 2 FRIMER DA B HERE DR P DB 2
Z DMYUINIE CIMBREE 23k 72 L3 L HikR
MREMOREEHET 2D TH 35 . Kl
BRI Y HIRE AN D RGE M O3 IIE TSP 18
EREETHY, ZOBREIIEEENIBIY
35 THHSHENOETH % . EFEMEEH
@ TSP # & 1 20~300 ng/ml & \» b #L T W
% .20 GRRIRIMBRE M D BE D TSP DI 4
BEREE ST T ngs, MIMESEELI
T3 Z e s MHED TSP I LR L TWwa L
HHAzNDE., 2DXSEZDLE5IT, gk
IRIMERB M AL TIX TSP ML, F#hick -
THRMERD AL & SICHEBE LT ko
Twa EElans. wThicvk, mEgcs
B ARIMER - ARG E SEBR CHL TSP rece-
ptor Jifk & CSVTCG »EHIc = n2HHIL 72
Z &, TSP iMmigh cEELHE 2H > T»
LEEZOND.

sickle RBC O KA~ D S 2ok iz B8
59 2WFOBRIGREEED A% 5§, 1HE
DIZTHLEETHL. EEDHERIZIAS I
TSP »SFRIMEK « MR ORGE M, B8R I
RIS L T3 Z L 2R T2 DTH B,
S5 IMENEMBEIOR TR X 0 £S5
WIMFH D B 2 RETORBENSHENBEEEZ 5
na.

Wegzschrey, JRE, SREESE-SIIGE
REKEmEEEE, (I FERSE, EREHEE,
FROBE 5 TTS VEBSHEE B> 32V 5
KEFBEHIRMIEAEL, Robert P. Hebbel 812 % < &
BHOBEELET.

N

1) Hebbel, R. P., Yamada, O., Moldow, C.F., Jacob, H.S., White, J.G. and Eaton, J.W. :

Abnormal adherence of sickle erythrocytes to cultured vascular endothelium. Possible mechanism for

microvascular occlusion in sickle cell disease.

J.Clin. Invest. 65 : 154—160, 1980

2) Hebbel, R.P. : Beyond hemoglobin polymerization : The red cell membrane and sickle disease

pathophysiology. Blood 77 : 214—237, 1991




3)

4)

5)

6)

7

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

PR © SRRk M 35 1 3 TSPOFRIMER - WEZAIIREEZIR 287

Barabino, G.A., MclIntire, L.V., Eskin, S. G., Sears, D.A. and Udden, M. : Endothelial cell
interactions with sickle cell, sickle trait, mechanically injured, and normal erythrocytes under
controlled flow. Blood 70 : 152—157, 1987

Kaul, D.K., Fabry, M.E. and Nagel, R.L. : Microvascular sites and characteristics of sickle cell
adhesion to vascular endothelium in shear flow conditions : Pathophysiological implications. Proc.
Natl. Acad. Sci. USA 86 : 3356—3360, 1989

Mohandas, N. and Evans, E. : Adherence of sickle erythrocytes to vascular endothelial cells :
Requirement for both cell membrane charges and plasma factors. Blood 64 : 282—287, 1984
Sugihara, K. and Hebbel, R.P. : Multiple mechanisms of sickle erythrocyte adherence to vascular
endothelial cells. Clin. Hemorheol. 12 : 185—189, 1992

Lawler, J. : The structural and functional properties of thrombospondin. Blood 67 : 1197—1209,
1986

Lawler, J. and Hynes, R.O. : Structural organization of the thrombospondin molecule. Semin.
Thrombosis and Hemostasis 13 : 245—254, 1987

Mosher, D., Sun, X., Sottile, J. and Hogg, P.J. ! Structure-function of thrombospondins :
Regulation of fibrinolysis and cell adhesion. Adv. in Molec. Cell Biol. in press, 1992

Antonucci, R., Walker, R., Herion, J. and Orringer, E. : Enhancement of sickle erythrocyte
adherence to endothelium by autologous platelets. Am. J. Hematol. 34 : 44—48, 1990
Mohandas, N. and Evans, E. : Sickle erythrocyte adherence to vascular endothelium. Morphologic
correlates and the requirement for divalent cations and collagen-binding plasma proteins. J.Clin.
Invest. 76 : 1605—1612, 1985

Clark,M.R., Unger, R.C. and Shohet, S.B. : Monovalent cation composition and ATP and lipid
content of irreversibly sickled cells. Blood 51 : 1169—1178, 1978

Roberts, D.D., Sherwood, J.A., Spitalnik,S.L., Panton, L.J., Howard, R.J., Dixit, V.M.,
Frazier, W.A., Miller, L.H. and Ginsburg, V. : Thrombospondin binds falciparum malaria par-
asitized erythrocytes and may mediate cytoadherence. Nature 318 : 64—66, 1985

Barnwell, J.W., Asch, A.S., Nachman, R.L., Yamaya, M., Akikawa, M. and Ingravallo, P. :
A human 88-kD membrane glycoprotein (CD36) functions in vitro as a receptor for a cytoadherence
ligand on Plasmodium falciparum-infected erythrocytes. J. Clin. Invest. 84 : 765—772,1989

Asch, A.S., Silbiger, S., Heimer, E. and Nachman, R.L.: Thrombospondin sequence motif
(CSVTCG) is responsible for CD36 binding. Biochem. Biophys. Res. Comm. 182 : 1208—1217, 1992
Lawler, J., Weinstein, R. and Hynes, R.O. : Cell attachment to thrombospondin : The role of ARG
-GLY-ASP, calcium, and integrin receptors. J. Cell Biol. 107 . 2351—2361, 1988

Smith, J.W. and Cheresh, D.A. : The Arg-Gly-Asp binding domain of the vitronectin receptor.
Photoaffinity cross-linking implicates aminoacid residues 61—203 of the B subunit. J. Biol. Chem.
263 : 18726—18731, 1988 :
Kieffer, N., Bettaieb, A., Legrand, C., Coulombel, L., Vainchenker, W., Edelman, L. and
Breton-Gorius, J. : Developmentally regulated expression of a 78 kDa erythroblast membrane
glycoprotein immunologically related to the platelet thrombospondin receptor. Biochem. J. 262
835—842, 1989 '

Rosenblatt, M., Vuillet-Gaugler, M.H., Leroy, C. and Coulombel, L. : Coexpression of two
fibronectin receptors, VLA-4 and VLA-5, by immature human erythroblastic precursor cells. J.
Clin. Invest. 87 : 6—11, 1991

Charo, I. F., Bekeart, L. S. and Phillips, D.R. : Platelet glycoprotein 1Ibllla-like proteins mediate
endothelial cell attachment to adhesive proteins and the extracellular matrix. J. Biol. Chem. 262 :




288

21)

22)

23)

24)

25)

g B % o= 3% E18% %45 1992)

9935—9938, 1987 »

Cheresh, D.A. : Human endothelial cells synthesize and express and Arg-Gly-Asp-directed adhesion
receptor involved in attachment to fibrinogen and von Willebrand factor. Proc. Natl. Acad. Sci.
USA 84 : 6471—6475, 1987

Swerlick, R.A., Lee, K.H., Wick, T.M. and Lawley, T.J.: Human dermal microvascular
endothelial but not human umbilical vein endothelial cells express CD36 i vivo and in vitro.

J. Immunol. 148 : 78—83, 1992

Knowles, D.M.1I., Tolidjian, B., Marboe, C., D’Agati, V., Grimes, M. and Chess, L. : Mono-
clonal anti-human monocyte antibodies OKM 1 and OKM 5 possess distinctive tissue distributions
including differential reactivity with vascular endothelium. J. Immunol. 132 : 2170—2173, 1984
Saglio, S.D. and Slayter, H.S. : Use of radioimmunoassay to quantify thrombospondin. Blood
59 : 162—166, 1982

Francis,R.B., Jr. : Platelets, coagulation, and fibrinolysis in sickle cell disease : Their possible role
in vascular occulusion. Blood Coagulation and Fibrinolysis 2 : 341—353, 1991



