[ BE ATHRLY - ATLIEOBEROTRK i

Lz, MMRBES v 0 BO—OEETFH
WAEREHA N ITF F2EFE AT
ZER L, CHHDI/MRE % ERA TH LA
~NERT A LItk Tk MEERIEIND I &
ERMFLT, PFREEDH T3,

mARRIC & 2akiz, &30 EEQLKEET
NREEOMRTIIEEIFr 222, M@IZTRLAL
I, BT OEEOHMIZAT 5 MR 1k 10
i, HAMMAIcERTINEARTHRETH 2
G UREELT7r Y ENT S FEF
(vWI) 23t LT, m/MRAFEL T LT
MR EPLEEE L, in vitro BRI TH GPIIb/
Ila fifA % &0 LT GPIIb/IIa o keks 2 RE L
PR T, vWE B ZE LR E 2 HE FEic
B TEMXBHEFNA LN, - DiRkAI3 MM
ZH O GPIb/V/IX #2417 D GPIba &4 -T
WA Rz RZETE @ GPlalla (a8 1 >~
770 ) RGPVIFHEEZS— >~ EHE(E
RMLToAMRIZMEFL, 22 CEEkEnaen
PRIGHBELTENZRET 25, LEELH
213 GPIIb/Ma (a8 4 > T 77V ) deiEiEik s
HBRRBPTHD, 747N /=i, ZoiFEAk
T ioam L CIMRR 2 2008 LSEEER R L T—X
Mm%, SIEHECHEEROFEIZLIE 747
) RO (Toub i) 12k - Tk AT 3.
ZIT, @YW EEOMAETTCVWI AN LTa5—
7 %BWT 5 GPlbe, KO HMETI -4
% E 1T A GPlalla, &kl MR _Eo GPIIb/
Illa 288352747V /=% (Fbg) RF7N
ML T H BT F FEER L L7,

4. AT/ MEOHEE

R M#E 124K GPIIb/Illa ik % % L T GPIIb/
lla 2MBFT 5 &, M/PMREED GPlba & D1
BERIZ L - T vWE Bl ZE bR L 2 fEhmmnc
WoTEHEFIEEFALNRS, £ LT, rGPlba
FEFI LY LIEEABRET L /MR E BRI
VWEEAR B 245492 & L pFEiE S L7219, #m ¢
SRAFEDOEIEITIEEI S L BIEY £k

D, rGPlba OFFENTERTE . £/, F0E
270 mEIL MR T D EORE LB L
721 Fhrbbh “TbhdnT MR TIRRED) D &
BIHMELS % D, “BEW" NI TERENDEER
Bl Teotn K, TAT I CEAKE, AEL
FTIRENEBER /BTN L S LHEL2 LTS
D, BMEMTCOFREMEIEFETE S, EmIT
rGPIba ##E A3/ 25, patkan Lt H 7%
vVWEEIRZ2EXL2EHIELEHLNT, 5T
NEETTLRETIFEHUMEDONS, 77
2 A —XicrGPlba 2 #4233 2R T LS
THZEems, EEFEARTSH DB LS
# L 2B ATIErGPIba D RBOILEH R
052 ARSI N0,

fhh, ECEFNEEOMT T T I —4 I
HEEATIM/IMRE S 37 EoEETHRL
£ (tGPlalla) = #Ad3F 2/ fafkis, 25—
PR ESRENCEGRL TS (Fh) T332k
PEELVICL - THEZ SR, £42, §VEE
FE 72 BITONEE RIS L T 22, rGPlba
& rGPlalla & & iR 2/MNaE T, KT
EEIPLETNEEFI TS5 HIREHE
TEARMERINT S,

S LR LREM MRS E 2T 572
»iz, $ELTIEEE LML MERI L 222563 2
TATN =R ERRERTAT I VEAK
LRI L 2%, S bm MR B E LR £ /BR
L, 2470 /=7 BaTnN73: E4t
MENS R IAEMREIT—HRICHEL, T
GPIIb/Illa ik 2 HmML 2R T LTI VES
FEDADFRTIIREE HHH & iz, M/DMREAIE
HE 1/5 BEICHE & W/ MRRA € 74 m
WIZT7 47N /= #EEeTN7 L v EARER
mlzzel b, BEMKE LD ICHEIM RO
EfpEA LIz ERG, T4T N =S
TNT I EAERIM/MOEEESREE TS
B FTh I LMmEEN, LrL, 747
N/ =4 ARETHY), LErLBEKRTIIE
mithE e b8, Fogd y$§CHMGT 3/
EerrF] (H 12 : HHLGGAKQAGDV) ## 423

724 BRERREEX  Vol. 29/ No. 4 (2005-4)




[ BE ATIRNE - ATIMIOBRORK |

HLREACICMRTESNIZED T W 529,
HI2EATANT I Yy EA4ERE M/ Mg
([IMR]=2.0X 104/ ul) SRl S -~ i
RECTBNE €728 &5, $REIAMRED SH £ hs
L, TIICHLREATAT I Y EAEH S
EAZR T T HI12-polyAlb it/ MREEE
PHRTAMENELEEZ LR,
ERL®RIMPARTHL 7T AN T 7 k50
RMERIZ L » THAMRABA LT v F 2T
in vivo NERBRETH>Tw 3, OEEMEE
D 1/5BEFTHLLAKENT v Pz L
T, RERTZNT CRREMZAEE RERIES L 72,
A HHE S 5 Rk, BESAL, S lem DAL
74y 2b—R (R -Frvxry 48
FAOCTE (BEX2.5mm, E£& 1mm) #17,
R Sein & R E R KIICIR L T MBS 2 EHRIL
7z, &7, HEMX554rH, 12530 9%ICiEn
L, SMREFHEHMELL, 20 bo—nr LT
EERIRRE RS L IMURDEE PV T v b
B ([M/R] =19.822.8/ul) o B HLFERTIZ 609+
1B3BTHY, EET v FEF ([MR]=80.9+
8.6/ul) HHMEERT (17856 ) & Il T
SUABEELZ, HIZEBALTWERWPAT I
EAR%E 40 mg/kgik5 Lz 23, HIURERIL
AL (184269 8)), IE5ROWMP I 20
MR L, LizstaT, TA7 L EAE
BFETOLLEMMRLET L ERE_ s, £
T, HMEFEICREL WP AT I v EARD
ZER (A mg/kg) THI-7TAT I L EAHHED
AR AE 2 ARET L 72, H 12-polyAlb ik 5 T3,
MERER 352473 B & A D HMERRT I3 440 12 A0S
Lizhs, SREFIHI2 24327V T 3
EAFTIHHMRREZ2EERE LW T, H12
DIMBAFTED I N2, 2 LITHRER S 5 48],
#5330 45%ICIRAL, ENREHEBEL
A, EMAELEEZICB T A MRS
TwZenwIehs, HI-TAT7 3 »EAHMEI
MEHRENFHHEFREE LN &5
RNVZF Lo Y a—nTPALT I L ELELE
EEM L, —&8oRY nF1L > 7)) 2 — ke

IZH12 2863 ¢ RT3, 1551% 3 EMEI
RN HB LT > T HIRMSEIRFHRL T
& HFEER S LT,

fb75, rGPlalla #{f & gT7A 7 I v EL
BT XBRBHTOMEEEEEERD 1/5 8
A 22 ELE S, oV b
O —/LRED HEER (7302198 %) X HeEL T,
R 5 ERTEANC B R O a2 s e (9
& 243 2.4X10" particles/kg Tl3 H ILEFRT L 337 +
46 §b) 29,

I[WE, GPlba 243 TALT IV ELE
RNV RV —LDRT in vivo RERAIEITHTH 2
», THREBYOERFBLNS2DOH20T, &4
BINLDRARIIBITAREEZ BIELT W2,

Eb W I
ATHRMERIIBBIRAB 2 BIEL T, o
GLPHEEZITIBEIZA-TWS, 72, AT
M/MROTFENLE, SRR THONRETLEL £
APNTEZ L TV ERREEICH B, T hsniE|g
WL b ENRERICH BD, oL
EHOHBHEERSHFEORESRHT A K34 vk
RS LTRETHEL 2RIV DETHZ, #
DzBHITE, BEEEOXREH TONERHEHD
mELT, ¥ (rZFERNBERSELSR
FLhEH¥E) ORLTHRIEEFLREVWEEDLRA
5. EEIZBWTIL, F/34 A2y 7 R5EHI
BT EENTHREE LT, bXEDOERRER
NDRFIZL L E D, BRETOBPFTRELTWS
EZAOEIALTIRELEREREKDB S,
FTREENE L TEANENLRFIC -2
=R L 72w,
X K

1) /hfbsE— NI A Mek E& AR FR & 1097 21 :

1265-70
2) X HESE BHFEK REKET, b BT

(ALFIER) . EENHDA 2003 ; 205 © 558-66
3) SouK, Naito Y, Endo T, et al: Effective encap-

sulation of proteins into size-controlled phos-

pholipid vesicles using freeze-thawing and

extrusion. Biotechnol Prog 2003 ; 19 : 1547-52
'4) Sakai H, Takeoka S, Park SI, et al:Surface

EZFKFREY Vol 29/ No. 4 (2005-4) 725



-3z

ATHRMER - ATI/IEOBREGERK I

5)

6)

7

8)

9)

10}

11)

12)

13)

14)

15)

726

modification of hemoglobin vesicles with poly
(ethylene glycol) and effects on aggregation,
viscosity, and blood flow during 90% exchange
transfusion in anesthetized rats. Bioconjugate
Chemn 1997 ; 8 © 23-30

Sakai H, Takeoka S, Wettstein R, et al: Sys-
temic and microvascular responses to hemorr-
hagic shock and resuscitation with Hb vesicles.
Am J Physiol 2002 ; 283 : H1191-9

BHEK BZRAEA REER, b ~E7 D
ErhlamEiz & 2 40% miERBEoRERE
AT g 2004;12: 44

MERET . FEFENENRTEHANE BEET4
MAWESE "HEREERICHATEL ALRK
mERIZ T 585" (H15-[E#H-014) FrR 15 &£
BESTE - ARG S

Sakai H, Hara H, Yuasa M, et al: Molecular
dimensions of Hb-based Q-2 carriers determine
constriction of resistance arteries and hyperten-
sion. Am ] Physiol 2000, 279 : H 908-15
Wakabayashi Y, Takamiya R, Mizuki A, et al;
Carbon monoxide overproduced by heme
oxygenase-1 causes a reduction of wvascular
resistance in perfused rat liver. Am ] Physiol
1999 ; 277 : G 1088-96

Sakai H, Horinouchi H, Tomiyama K, et al:
Hemoglobin-vesicles as oxygen carriers-Influ-
ence on phagocytic activity and histopatho-
logical changes in reticuloendothelial system.
Am J Pathol 2000 ; 159 : 1079-88

Sakai H, Masada Y, Horinouchi H, et al : Physi-
ological capacity of the reticuloendothelial sys-
tern for the degradation of hemoglobin vesicles
(artificial oxygen carriers) after massive intra-
venous doses by daily repeated infusions for 14
days. J Pharmacol Exp Ther 2004 ; 311 . 874-84
WEFEEY, e T, MERF I ALRMERE A
Wz AT GAi IR ) feasibility test. AT L
2004, 12 : 45

Sakai H, Suzuki Y, Kinoshita M, et al: 0,
release from Hb vesicles evaluated using an
artificial, narrow O,-permeable tube : compari-
son with RBCs and acellular Hbs. Am J Phy-
sicl Heart Circ Physiol 2003 ; 285 : H 2543-51
B £ IR, Pedro Cabrales, Amy G Tsai, f : 1
JiffiE S EMEMRAD~T 7 v & Raffkh s
OEEFROLET. ATz 2004 ; 12 1 57
Kobayashi K, Komatsu T, Iwamura A, et al:
Oxygenation of hypoxic region in solid tumor
by administration of human serum albumin
incorporating synthetic hemes. ] Biomed Mater

16)

17

18)

19)

20)

2D

22)

23)

24)

25)

26)

Res Part A 2003 ; 64 A © 48-51

A O ALLAR (RS, Lk -
#fx - EE 20016 35-9

Soslau G, Class R, Morgan DA, et al: Unique
pathway of thrombin-induced platelet aggrega-
tion mediated by glycoprotein Ib. J Biol Chem
2001 ; 276 : 21173-83

Nishiya T, Murata M, Handa M, et al : Target-
ing of liposomes carrying recombinant frag-
ments of platelet membrane glycoprotein Iba to”
immobilized von Willebrand factor under flow
conditions. Biochem Biophys Res Commun
2000 ; 270 : 755-60

Takeoka S, Teramura Y, Okamura Y, et al:
Rolling properties of rGPIba-conjugated phos-
pholipid vesicles with different membrane flexi-
bilities on vW{ surface under flow conditions.
Biochem Biophys Res Commun 2002 ; 296 :
765-70

Takeoka S, Teramura Y, Ohkawa H, et al:
Conjugation of von Willebrand factor-binding
domain of platelet glycoprotein Ib alpha to size-
controlled albumin microspheres. Biomacro-
molecules 2000 . 1 : 290-5

Kainoh M, Tanaka T :Production of soluble
integrin a8 heterodimer complex functionally
in vitro and in vivo. Biochem Biophys Res
Commun 2002 ; 290 : 305-10

Nishiya T, Kainoh M, Murata M, et al: Recon-
stitution of adhesive properties of human
platelets in liposomes carrying both recom-
binant glycoproteins 1a/1la and Iha under flow
conditions : specific synergy of receptor-ligand
interactions. Blood 2002 ; 100 . 136-42
Takeoka S, Teramura Y, Okamura Y, et al:
Fibrinogen-conjugated albumin polymers and
their interaction with platelets under flow con-
ditions. Biomacromolecules 2001 ; 2 : 1192-7
Takeoka S, Okamura Y, Teramura Y, et al:
Fibrinogen y-chain dodecapeptide-conjugated
latex beads under flow. Biochem Biophys Res
Commun 2003 ; 312 : 773-9

Qkamura Y, Takeoka S, Teramura Y, et al:
Hemostatic effects of fibrinogen-gamma chain
dodecapeptide-conjugated albumin particles in
vitro and in vive. Transfusion 2004 (in press)
Teramura Y, Okamura Y, Takeoka S, et al:
Hemostatic effects of polymerized albumin
particles bearing rGPla/Ila in thrombocyto-
penic mice. Biochem Biophys Res Commun
2003 ; 306 : 256-60

BEEREEEX Vol. 29/ No. 4 (2005-4)



CHHEBFRO

1. TIEmBEEE%H 3 B0 FROFT & BEETHM

= &

SRR N— 7 CHEESR RS R 5
EHF LM IMEREHOWREEFED TS, BEOEE
LT, MNMERAEEF VIS CH A o B f MR
FEAATERL, MMEDIEMEEEHRT AT H
wEEtT 5, AfMICE, VVEBE-SFE A% (U
RY—L4) RTVTIVESEECRETELMETF
HEORME L, Tz L Cm/MIEERSEO®
EFHAM 24 (rGPlba, rGPIa/Ila) & {k GPIIb/
Ma #JFEI 57+ 7V /=¥ voRIF¥ (HI12) *
FEIEL, Ch¥ERTIKER LRI Tin vitro 12T
FRakEE R in vivo 1 TIEMEERFHEL TW 3,

T L ®» (&

deREMmE, & BhBEEL Y OBEe, ARF
WICB TR LWL LTEERMEL 5D
TED, TORERERLETTVWS, Lil, m/ME
BB DA LEWRESM (728R) CLogeTR
RiZMzT, 9ANVARMERIIU D L+ 5BMmMEIER
REOERETHRCE L, BE, TOHESRMYE
PIEBENBRLEDhTWAL D0, FRMEREmLIiIR
Z D ECmsoEERRN TV, M/MRREHOBR
ZOUIERICAR, RNEEFARROERESE TS
FEnGN AT EMACERE LIBSOT, 21 RT
DEROBHEITNEAAELTH&EEIN TS,

MR O 1E MR AE & m/ MR DO R

IEMOEELTRMIT, MEFESSrEIHLTY
SMERRTR~NOMMEOKETHA (K1 (A),
M MROFmICH, a5—4%Y, 332y, 7470x%

* RERAY EISH
T169-8555 HREFHHERXAMLI-4-1
TEL & FAX: 03-5286-3217
E-mail: takeoka@waseda.jp

PFVREDMERAETERL YW T Ty /by
REOMMERBRYREGTAVE/ ¥ —BEREASBY,
CHODHEMFBICLVBEREC S, BEMICH, B
THEETTRONIROBEESE Ib(GPIb) ©7 + Vv
EVT SV EFRF VW) 24 LAa5 -4V E0BE
fERIC & » T/ MESER L TO— Y V7 SBEI 5D,
BWTETHREETCaS5—4¥ Vol /¥ —BART
HLHM/MREEGE lalla (GPlalla) La5—#vED
EEEGICLOBESIEC D2, Ebicm/MEREORE
EBHE IIb/Ia (GPIIL/Ia) AEHibx i, 7471
SR yWERA L MROBRERAEREIN T~
wIb E 75, RIS, MMILBREYH L THREEL
LTESLBVESERER LY, MEROEN AT
RE LRrE L THMEER{ERT CH 5 ADP R ¥ 0K
HYgEEFL AR T2t 0 b VvoRB RS, KIS, o
BT+ TV /=5y, 74707+, vWik
xR, ABCChoolLe 72 —ri/MNEEREIESR
RBL, MEHTRy F7—7 2B L TIVMRERE
e, BEICHBEL CI/MRERS E L Thdko
BEREFIC L H3BERSBEREShTT TV =¥V
B747UvE (OB %-TIEAAET 5,
COBRICIVMEDIEMi S BROBESESH L TR -
TED, COBEYSTHETIATROEEIBRSE TS
2. LL, ¥, BEESRML A B EE Ber-
nard-Soulier FERE L M/ MEENER VW THMER 5
WRDHOENLT Ehb, IMIOEXN TEE IRE
3, BETCLHEROCERLEE L iMEOREIC
EA5—RIEMTHBLELLNDEI, 5T, M/PMR
REDIIOAREREL T, BFL TWAIMELE
BICBEBVINV—FTH5LDTHNTL, TORD
MEFICED T TORBIIY 71— b SN/ MROBE
RIDWEEEZLNTVWS, EEXFBWRELLT
FEL TW o BERRAEESIMEREAKBOWES
V=TT, IMRORE LEECHEE T 2 BAESHR
UNTF FERETFHRRECLERBICI D L Tk
BRETAVWZVWTELZ LR, chidtaals



x S " primary hamostas:
i S Atetheding=rolllng (M=
S ‘ o Zl adheslon {GPinli-tellige)

W Bladoragetion (GRIBTI b eryR
VT, s

.."n.,-

{B)

.¢_Aﬁ{amﬁﬁw@mkuw;cm-j R

};¢5;@;1;1 *

Fig. T Mechanism of platelet adhesion or aggregation to
the vascular injury (A) and design of platelet sub-
stitutes (B).
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Table 1. Characterization of rGPIba—polylb and vesicle

sample Image Q
carriers phospholipid vesicle
components 1) POPC/DPPE=10/1(by mol.)

2} POPC/cholesterol/DPPE=5/5/1
3) DPPC/cholesterol/DPPE =5/5/1

assembling force of the components disulfide bond hydrophobic interaction
diameter (om) 1025+ 250 1) 11404210
2) 1120%250
: 3) 1160120
concentration of conjugated rGPIba 6.0x 103 1) 59x%x103
(molecules/particle) 2) 6.0x109

3) 6.2x108




Number of attached polyAlb particles

to the vWf surface (-)

Number of attached polyAlb particles

to the vWI surface (-)

Table 2. Rolling velocity of vesicles (1), (2), and (3) to the
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Observation of adhesion of (a) rGPIbe—polymer-
ized albumin particles, (b) rGPIbe—polymerized
albumin particles in the presence of anti GPIba
monoclonal antibody {GUR83-35), and (c} poly-
merized albumin particles.
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Observation of rolling of (a} rGPIba—vesicles, (b)
rGPlbovesicles in the presence of ant GPlbe
monoclonal antibedy (GURS3-35), and (c) vesi-
cles.
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(1) POPC/DPPE=10/1(by mol}, (2) POPC/cholestercl/DPPE
=5/5/1, (3) DPPC/cholesterol/DPPE=5/5/1
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Fig. 4 Reqruitment of remaining platelets to the platelet-
immobilized surface by the addition of fbg-
polyAlb. The concentrations of fbg-polyAlb are 0,
1.0x1072,2.1x10-2, 36x10-2, and 4.7x10-2g
/dL.
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Fig. 5 ADP-induced {20 uM) aggregation of PRP (2.0 x
105/uL) in the presence of H12.

LBOEMFARTH, HBM/MIOMERSEL < #n
L. 180s BTIIEESHFES 5.1£03% L% h, Hi2-
LBEEML TWirWEE L HEL T 1.7 kL

- (R6Q), 5, F&tFizisir 2 FITCZ3 H12-1LB

@H%H%s&i?ﬁﬂ&&gﬁbah&#otﬂ
H12-LB O¥E T /MO SR OBMICE Y, el
WALAL (B70), chid, as—4rvERICEm
PIERBEFHEL, HELTWwWa HI2-LB A5 HEL -0
PMMRIZRBE =N 5 GPIL/IIa #5808 L THEL, =6
KERFMAMRE SR A SRR EBHE L kD EELD
h7z, #-C, HI2-LBit, o5 —FVERICESL
oMM L BEEBI A TSR L, TEEL TV B MR A SR
ARBERERRLT, 7470 /=7 rABROBE
TRT T EBER TR,

¥ & B

BIBROEBMICLD, ZBRESHR (rGPlba,
rGPlalla, Fbg, H12) %77 I VEAHS 5\ 1/
GREICERLL. ThoR, Wi a5—4y, $%
WIEERLI MRS L TR RS TSEE - T\ 5
CEERRALR, BE, ChoOEESMMEEIET
FAOBPCHEE L CLOREMOEEE 2288V F-
Tk, BRBEVARSBOATWE LIS TEEH,
MR ERMSREREL Y A EA R TFROD T Y
L HTWE,



Surface coverage of platelets (%)
W

0 y * —
0 50 100 150 200
Time (s)

Fig. 6 Time course studies of the surface coverage of
platelets in the thrombocytopenic-imitation blood
after addition of H12-latex beads (), latex beads
(), and PBS (@), at a shear rate of 150 5~1. The
concentrations of platelets and latex beads were
2.0x104/uL and 1.0 x 105/uL, respectively.
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Fig. 7 Time course studies of the surface coverage of la-
tex beads in the thrombocytopenic-imitation blood
after addition of H12-latex beads (O) and latex
beads (), with a platelet concentration of 2.0
104/uL at a shear rate of 150 s-1. (@) shows the
surface coverage of H12-latex beads when the
concentration of platelets was (6.0+2.0) x 103/
uL.
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“Design and Preparation of Nanoparticles with Hemostatic Ability
and Evaluation of their Functions”

Shinji Takeoka, Yosuke Okamura

Waseda University, School of Science and Ergineering

Receptor glycoproteins of platelet membrane respon-
sible to subendothelium recognition or synthetic
oligopeptide relating to platelet aggregation were conju-
gated to the nanoparticles. The recombinant fragment of
the platelet membrane giycoprotein, rGPIba, was conju-
gated to phospholipid vesicles or polymerized albumin
particles (polyAlb) with the average diameter of ca. 1
ym. Under the fiow condition, the vesicles and polyAlb
rolled and adhered, respectively, on the von Willebrand
factor (vWif)-immobilized surface. The rolling velocity
of the rGPIba~vesicles decreased with the increasing
membrane flexibility. We also conjugated rGPla/Ila to
the polyAlb and injected to thrombocytopenic mice

([platelet] =2.1+0.3 x 105 particles/uL). From signifi-
cantly reduced their bleeding time, we confirmed that
rGPIa/Ila-polyAlb had a recognition ability against col-
lagen and could contribute to the hemostasis in the
thrombocytopenic mice. On the other hand, the particles
bound to activated platelets were prf_!pared using
oligopeptide-conjugated to latex beads. The oligopeptide
was CHHLGGAKQAGDV (H12), fibrinogen y—chain
carboxy-terminal sequence (g400-411). H12-conjugat-
ed latex beads enhanced the #z vitro thrombus formation
of activated platelets on the collagen-immobilized sur-
face under flowing thrombocytopenic-imitation blood.

Key Words: platelet substitutes, polymerized albumin particles, phospholipids vesicles, iz vitro and in vivo evaluation,

thrombocytepenic models
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